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(57) Abstract: Monitoring, analysis and control of fermentation activities includes methods and corresponding systems directed to-
ward agriculture, biofuels, and food production. Complex methods and corresponding systems are provided for classifying a mi-
croorganism; profiling amicrobiome; sequencing multiple libraries in a single sequencing run; determining a microbiome profile in
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M CROBi OVE BASED | DENTI FI CATI ON, MONI TORI NG AND ENHANCEMENT OF
FERMENTATI ON PROCESSES AND PRODUCTS

Background of the Invention
Technical Field

[ 0001] The enbodi nents described herein relate to
novel and unique nethods, systens and processes for
identifying, analyzing, nonitoring, and controlling
activities. Fernmentation activities entail a wde range of
endeavors directed toward agriculture, manufacturing,
chem cal processing.

[ 0002] The herein described process includes systens
and nmethods for determning and characterizing the
m crobi one of a fernmentation operation or setting,
obtaining mcrobione information, converting such
information such that it is useful for controlling,
enhancing, nonitoring, detecting deviations, and predicting
performance of the fernmentation process.

Rel ated Art

[ 0003] Fermentation is a process in which an agent
causes transformation of a raw naterial into a finished
product . During fernmentation organic matter is deconposed

in the absence or presence of air (oxygen) producing an
accunul ation of resulting fernmentation product. Sone of
these products (for example, alcohol and lactic acid) are
of inmportance to humans, and fernentation has therefore
been used for their manufacture on an industrial scale.

[ 0004] M croorganisns |ike yeast, nolds, and
bacteria play an inportant role in the alcohol fernentation
process for creating beer and wine, and the formation of
acetic acid (vinegar) . Lactic fernmentation is driven by
lactic-acid bacteria which break down nonosaccharides into
lactic acid. Lactic fernmentation is used in the
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preparation of various sour mlk products, yogurt, cheese,
and bread. Many nmold fungi (for exanple, Aspergillus niger)
ferment sugar, resulting in the formation of citric acid. A
| arge proportion of the citric acid used in the food-
processing industry is obtained by mncrobiol ogical nmeans.

Et hanol fuel is produced from the fernentation by yeast of
common crops such as sugar cane, potato, cassava and corn
to produce ethanol which is further processed to becone
fuel. The production of butyl alcohol and acetone
industrially is inmportant for the paint and |acquer

i ndustries. In the process of sewage treatnent, sewage is
di gested by enzynmes secreted by bacteria, to produce Iliquid
and solid fertilizers, and biogas. Fungi have been

enpl oyed to break down cellulosic wastes to increase

protein content and inprove in vitro digestibility. A wi de
variety of agroindustrial waste products can be fernented
to use as food for animals, especially rumnants.

[ 0005] The processes described herein are useful for
enhancing any fernentation process. The advantages of the
herein described processes are shown for vinification, the
process whereby fernmentation changes grape juice into w ne.

However, it is understood that these nmethods can be applied
for enhancenent of other fernmentation processes.

[ 0006] W nemaking or vinification, is the production
of wine by fernentation of raw material, and for grape
wine, that starts with the grapes. Factors affecting grape
quality, known as the grape's terroir, include the variety
of grapes, the weather during growi ng season, soil, time of
harvest, and nethods of pruning.

[ 0007] After harvesting the grapes, the fruit is
crushed to produce juice, called nust. The primry

fermentation can be done with natural yeast normally
al ready present on the grapes, visible as a powdery
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substance, or cultured yeast is added to the nust. The
sugar content of the grapes is nmonitored during
fermentation and can be adjusted (by addition of sugar)
since it affects both the taste and end product, as well as
the speed of the fermentation.

[ 0008] During or after the primary fernentation, a
secondary, or malolactic fernmentation can be initiated by
i nocul ation of desired bacteria which convert nmalic acid
into lactic acid. This fernmentation step can inprove the
taste of w ne. During this secondary fernentation and
aging process, fernentation continues very slowy in either
stainless steel vessels or oak barrels.

[ 0009] Prior to bottling, the wine is usually
filtered. Filtration results in clarification and
m crobial stabilization. In clarification, |large particles

that affect the visual appearance of the wine are renoved.
In microbial stabilization, the anobunt of yeast and
bacteria are adjusted to prevent the I|ikelihood of re-
fermentati on or spoil age.

[00010] As is evident from the w nermaking steps
descri bed above, byproducts of fermentation by the
m crobial population or mcrobiome panel present in the
soil, on the fruit, or during the w nemaking process,
contribute to the taste and quality of the w ne.

[ 00011] Therefore, understanding the mcrobione, and
how it changes along each stage of vinification or wne
production, would be advantageous and necessary for
influencing the quality of the wine at every |level. Usi ng
the herein described novel and unique sequencing nethods,
it is now possible to generate a unique identity for the
wine, a genetic footprint, based on its mcrobionme. Such a
footprint would allow w nemakers to differentiate w nes
according to the mcrobione panel, and detect and solve
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probl ens using bio-based controls such as Brettanomyces
contam nation, refernmentat ion, nousiness, ropiness,
mannitol, granium taint, diacetyl level, to nane a few
These problens can be solved by biorenediat ion and/or
changi ng the physical paraneters, e.g. tenperature, pH,
enzynmes, in the vinification process and influencing the
m crobi ome comunity.

Summary of the Invention

[ 00012] The present invention addresses the |ong-
standing and unfulfilled need for better nonitoring,
analysis and control of fernentation activities, including,
anong others, those directed toward agriculture, biofuels,
and food production.

[ 00013] The ternms mcrobiome, mcrobione infornation,
m crobi ome data, mcrobionme population, mcrobione panel
and simlar ternms are used in the broadest possible sense,
unl ess expressly stated otherwi se, and would include: a
census of currently present mcroorganisnms, both living and
nonliving, which may have been present nonths, years,
mllennia or longer; a census of conponents of the
m crobi ome other that bacteria and archea, e.g. viruses and
m crobi al eukaryotes; population studies and
characterizations of mcroorganisns, genetic material, and
biologic material; a census of any detectable biological
material; and information that is derived or ascertained
from genetic material, bionolecular nakeup, fragnments of
genetic material, DNA RNA protein, carbohydrate,
nmetabolite profile, fragment of biological mterials and
conmbi nations and variations of these.

[ 00014] As used herein, the ternms real-tine
m crobiome data or information includes mcrobione
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information that is collected or obtained at a particular
setting during the fernentation process, for exanple soil,
plant/fruit sanples taken during a planting or harvesting,
must, sanpling of wine during alcoholic fenentation
(beginning, mddle and end, or depending on paranmeters such
as alcoholic graduation, anount of sugar, density) ,
sanpling during nmalolactic fermentation (beginning, mddle
and end, or depending on anmount of malic and acetic acid) ,
barrel (beginning, mddle and end, or nonths) and bottling.

[ 00015] As used herein, the terns derived nicrobione
information and derived microbione data are to be given
t heir broadest possible neaning, unless specified
ot herwi se, and includes any real-tine, mcrobione
information that has been conputationally |linked or used to
create a relationship such as for exanple evaluating the
m crobiome of mlk before, during, and after fernentation,
or evaluating the mcrobiome between planting and
harvesting of grapes. Thus, derived mcrobione information
provides information about the fernentation process setting
or activity that may not be readily ascertained from non-
derived information.

[ 00016] As used herein, the terns predictive
m crobiome information and predictive mcrobione data are
to be given their broadest possible neaning, unless
specified otherwise, and includes information that is based
upon conbi nations and conputational [|inks or processing of
historic, predictive, real-tine, and derived m crobione
information, data, and conbinations, variations and
derivatives of these, which information predicts,
forecasts, directs, or anticipates a future occurrence,
event, state, or condition in the industrial setting, or
allows interpretation of a current or past occurrence.
Thus, by way of exanple, predictive mnicrobionme information



WO 2017/096385 PCT/US2016/064984

woul d include: a determnation and conparison of real-tine
m crobiome information and the derived m crobione
information of quality of wine, i.e. abundance of a
specific mcroorganism in a sanple and possible positive or
negative effect on the fernmentation process; a conparison
of real-time mcrobione information collected during the
fermentation of cheese and the quality of cheese.

[ 00017] Real time, derived, and predicted data can be
collected and stored, and thus, becone historic data for
ongoing or future decision-making for a process, setting,
or application.

[ 00018] In one enbodi ment of the invention is
provided a nethod of classifying a mcroorgani sm
conprising: obtaining a nucleic acid sequence of a 16S
ri bosomal subunit, an ITS, internal transcribed spacer, and
optionally, a single copy marker gene, of a first mcrobe;
and conparing said nucleic acid sequence of a first mcrobe
to a reference; and identifying the first mcrobe at the
strain level or sub-strain I|evel based on the conparing.

[ 00019] In another enbodinent is provided a novel
method of profiling a mcrobiome in a sanple, conprising:
obtaining nucleic acids sequences of a 16S ribosonal
subunit, an ITS, and a marker gene, from at |east one
m croorganism in a sanple; analyzing said at |east one
m croorganism wthin said sanple based upon the nucleic
aci ds sequences obtained; and determning a profile of the
m crobi ome based on said analyzing. Using 16S rDNA in
conbination w th another single-copy marker gene provides
prokaryotic species boundaries at higher resolution and
allows identification of mcrobial diversity at the strain
| evel . The novelty of this method is in the fact that
unlike what is currently taught and used in the art,
instead of conmbining the neasurement of 16S region with a
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functional gene as is taught in the art, we conbine the 16S
region with single-copy marker genes (described in Sunagawa
et al., 2013, Nature Methods 10, 1196-1199). This
net hodol ogy required sequencing all the DNA in a sanple in
order to get a high filogenetic resolution |evel. The
nmet hod described herein, reduces the amount of sequencing
data needed to identify species at high filogenetic
resol uti on because the 16S anplicons and the single-copy
mar ker genes produce an alignnent rate below 7% and a false
di scovery rate below 10%

[ 00020] In another enbodinent is provided a novel
met hod for sequencing two libraries in one sequencing run,
by pooling the prepared 16S and ITS libraries, and
providing appropriate priners for sequencing both 16S and
ITS in a sequencing method.

[ 00021] In some enbodiments, determning a profile of
the mcrobiome in said sanple can be based on 50 or fewer
m crobes, 55 or fewer mcrobes, 60 or fewer mcrobes, 65 or
fewer mcrobes, 70 or fewer mcrobes, 75 or fewer mcrobes,
80 or fewer mcrobes, 85 or fewer microbes, 90 or fewer
m crobes, 100 or fewer mcrobes, 200 or fewer mcrobes, 300
or fewer mcrobes, 400 or fewer mcrobe, 500 or fewer
m crobes, 600 or fewer mcrobes, 700 or fewer microbes, or
800 or fewer mcrobes. |In some enbodinents determining a
profile of the mcrobiome in said sanple has an accuracy
greater than 70% based on the neasurenments. |In sone
enbodi ments, analyzing uses |long read sequencing platforns.

[ 00022] In yet another enbodinent is provided a
process including: analyzing a material from a |ocation
associated with a fermentation process; obtaining
m crobiome information, selected from real tine m crobione
information, derived mcrobione information and predictive
m crobiome information; and perform ng an evaluation on the
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m crobiome information, the evaluation including: a

rel ati onship based processing including a related genetic
material conponent and a fermentation setting conponent;
and a bioinf ormat ics stage; whereby the evaluation provides
information to direct the fermentation process.

[ 00023] In a further enbodinent is provided
operations and nmethods having one or nore of the follow ng
features: wherein the real time mcrobione information is
selected from material selected from the group consisting
of soil sanples, soil sanple taken during a planting, soil
sanple taken during growh, soil sanple taken during
harvesting, fernentation sanple taken at the beginning of a
fermentation process, in the mddle of a fernentation
process, at the end of a fermentation process, any tine
during a fermentation process; wherein the bioinf ornmatics
stage has one or nore of the following: submtting the raw
DNA sequencing data to bioinf ormat ics pipeline for
perform ng mcrobionme analysis, including demultiplexing
and quality filtering, OTU picking, taxonom c assignnment,
phyl ogenetic reconstruction, conpiling netadata, diversity
anal ysis, and visualization.

[ 00024] Still in another enbodinment is provided a
nmet hod of controlling a fernmentation operation including:
analyzing a material from a location associated with an
fermentation operation to provide a first mcrobione
information; associating the first mcrobionme information
with a condition of the operation; obtaining a second
m crobionme information; associating the second m crobione
information with the first mcrobionme information; and,
evaluating the first mcrobiome information, the associated
condition, and the second mcrobione information, the
eval uation including bioinf ormatics pipeline for performng
m crobione analysis including denultiplexing and quality
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filtering, OIU picking, taxonom c assignnent, plytogenetic
reconstruction, conpiling netadata, diversity analysis, and
vi sual i zation; whereby the evaluation identifies a
characteristic of the operation; and, directing the
fernmentation operation based in part on the identified
characteristic of operation; whereby the fernmentation
operation is based upon the evaluation of mcrobione

i nformation .

[ 00025] Yet still in another enbodinment is provided a
method for directing a fermentation operation including:
analyzing a sanple from a location associated with a
fermentation operation; obtaining mcrobionme information;
and, performng an evaluation on the m crobione
informati on, whereby the evaluation provides information to
direct the fernmentation operation.

[ 00026] In another enbodinent is provided operations
and nmethods having one or nore of the followng features:
wherein, the mcrobionme information has real tine
m crobiome information; wherein, the mcrobionme information
has derived mcrobiome information; wherein, the mcrobione
information has predictive microbionme information; wherein
the analysis has selection and sequencing of the nmaterial;
wherein the analysis has extracting genetic material from
the material; wherein the analysis has preparation of
libraries; wherein the analysis has extracting materi al
including genetic material selected from the group
consisting of a rRNA gene 16S, Internal transcribed spacer
(1TS); wherein the analysis has providing a phylogenetic
tree; wherein the analysis has a correction step; wherein
the analysis has an extraction procedure selected from the
group consisting of beating, sonicating, freezing and
thawi ng, and chemical disruption; wherein the analysis has
anplification of at least a portion of the material;
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wherein the analysis has providing a genetic barcode to a
sanple of the material; wherein the mcrobionme information
defines a phylogenetic tree; wherein the m crobione
information has a OTU; wherein the mcrobiome information
defines an OTU, wherein the mcrobione information defines
a bi ogeographical pattern; wherein the m crobione
information has information obtained from the 16S rRNA and
anot her marker gene; wherein the another marker gene is
net al - dependent proteases w th possible chaperone activity;
wherein the evaluation has formng an n-dinensional plot,
where n is selected from the group of integers consisting
of 3, 4, 5, 6, 8, 9, 10, 11, 12, 13, and 14; wherein the
eval uation has neasuring a change in gene sequences;
wherein the evaluation has nmeasuring a change in gene
sequences and using the nmeasured change as a nol ecul ar
clock in the evaluation to determine the related nature of
material; and wherein the material is selected from the
group consisting of soil, agricultural material, mnmaterial
from dairy processing, a material from a fernentation
operation .

[ 00027] There is further provided systens, operations
and nethods having one or nore of the following features:
wherein at least a portion of the information resulting
from the evaluation is displayed in a two dinensional plot;
wherein at least a portion of the information resulting
from the evaluation is displayed in a three dinensional
plot; wherein at least a portion of the information
resulting from the evaluation is displayed in a plot
including colors associated with mcrobiome information;
wherein at least a portion of the information resulting
from the evaluation is displayed in a plot including colors
associated with a type of information selected from the
group consisting of mcrobionme information and non-genetic

10
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information; each type of information including a different
color; wherein at least a portion of the information
resulting from the evaluation is displayed in a plot
including colors associated with a type of information

sel ected from the group consisting of mcrobiomne
information and non-genetic information; each type of
information including a different color; and the non-
genetic information selected from the group consisting of
tenperature, geographical location, climte; wherein at

| east a portion of the information resulting from the
evaluation is transmtted to a menory storage device;
wherein at least a portion of the information resulting
from the evaluation is comunicated to a controller;
wherein at least a portion of the information resulting
from the evaluation is displayed in a two dinensional plot;
and, wherein at least a portion of the information
resulting from the evaluation is displayed in a three

di nensional plot. In some enbodi nents, the system can
further conprise a user interface configured to conmunicate
or display a report to a user.

[ 00028] In one aspect, the nethods of the invention
allow the identification of mcroorganisns capable of
imparting one or nore beneficial property to one or nore
phases of a fermentation process. The variability in the
m crobial populations present in the sanple can be used to
support a directed process of selection of one or nore
m croorgani snms for use in a phase of a fernmentation process
and for identifying particular conbinations and abundances
of mcroorganisns which are of benefit for a particular
pur pose, and which may never have been recogni zed using
conventional techniques.

[ 00029] The nmethods of the invention may be used as a
part of a plant breeding program The nethods may allow

11
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for, or at least assist with, the selection of plants which
have a particular genotype/ phenotype which is influenced by
the mcrobial flora, in addition to identifying
m croorgani sms and/or conpositions that are capable of
imparting one or nore property to one or nore plants.

[ 00030] In one aspect the invention relates to a
nmet hod for the selection of one or nore nicroorganism (s)
which are capable of inmparting one or nore beneficial
property to a plant to be used as raw nmaterial in a
fermentation process. |In other words, the process wll
allow for enrichnent of suitable mcroorganisns wthin the
pl ant m crobi one. Such microorganism (s) my be contained
within a plant, on a plant, and/or within the plant's
growing soil or water. It should be appreciated that as
referred to herein a "beneficial property to a plant”
should be interpreted broadly to mean any property which is
beneficial for any particular purpose including properties
whi ch may be beneficial to human beings, other aninmals, the
environment, a habitat, an ecosystem the econony, of
commercial benefit, or of any other benefit to any entity
or system Accordingly, the term should be taken to include
properties which may suppress, decrease or block one or
nore characteristic of a plant, including suppressing,
decreasing or inhibiting the gromh or growh rate of a
plant. The invention may be described herein, by way of
exanple only, in ternms of identifying positive benefits to
one or nore plants or inproving plants. However, it should
be appreciated that the invention is equally applicable to
identifying negative benefits that can be conferred to
plants .

[ 00031] Such beneficial properties include, but are
not limted to, for exanple: inproved growh, health and/or
survival characteristics, suitability or quality of the

12
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plant for a particular purpose, structure, color, chemnical
conposition or profile, taste, snell, inproved quality. In
ot her enbodi ments, beneficial properties include, but are
not limted to, for exanple; decreasing, suppressing or
inhibiting the gromh of a plant; constraining the height
and width of a plant to a desirable size; regulate
production of and/or response to plant pheronones
(resulting in increased tannin production in surrounding
plant community and decreased appeal to foraging species)

[ 00032] As used herein, "inproved" should be taken
broadly to enconpass inprovenent of a characteristic of a
plant or a fernmentation process which may already exist in
a plant or process prior to application of the invention,
or the presence of a characteristic which did not exist in
a plant or process prior to application of the invention.
By way of exanple, "inproved" growth should be taken to
include growth of a plant where the plant was not
previously known to grow under the relevant conditions.

[ 00033] As used herein, "inhibiting and suppressing"”
and |like ternms should be taken broadly and should not be
construed to require conplete inhibition or suppression,
although this may be desired in sone enbodinents.

[ 00034] The term "mcrobes", "mcroorganisnms"” as used
herein should be taken broadly. It refers to any single-
celled organisns, bacteria, archaea, protozoa, and
unicellular fungi and protists. By way of exanple, the
m croorgani sms  may include Proteobacter ia (such as
Pseudononas, Enterobacter , Stenotrophononas , Burkhol deri a,
Rhi zobi um  Herbaspirillum Pantoea, Serratia, Rahnella,
Azospirillum  Azorhizobium Azotobacter, Duganell a,

Del ftia, Bradyrhizobiun, Si nor hi zobi um and Hal ononas),
Firmcutes (such as Bacillus, Paenibacillus , Lactobacillus,
Mycopl asma, and Acet obacter iun) , Act inobacteria (such as

13
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Strept onyces , Rhodococcus, M crobacterium and
Curtobacteriun) , and the fungi Asconmycota (such as
Tri choderma, Ampel onyces, Coniothyr ium Paecoel omyces ,
Penicillium O adospor ium Hypocrea, Beauveria,
Metarhi zium Vert icullium Cordyceps, Pichea, and Candida,
Basi di onycota (such as Coprinus, Corticium and Agaricus)
and Oonycota (such as Pythium Micor, and Mortierella)

[ 00035] In yet another enbodinment, the present
di scl osure provides a nmethod for detecting contam nation in
a fermentation sanple, conprising determning the
mcrobiome from a fernmentation sanple, wherein the nethod
conprises detecting at |east one marker of a mcroorgani sm
and preferably two nmarkers of a microorganism and a
conputer system for determining a mcrobiome profile in a
sanple, the conputer system conprising: a nenory unit for
receiving data conprising neasurenent of a mcrobionme panel
from a sanple; conputer-executable instructions for
analyzing the nmeasurenent data according to a nethod of
descri bed herein; and conputer-executable instructions for
determning potential mcrobial contamnation in the sanple
or fermentation process based upon said analyzing. In sone
enbodi nents, the conputer system further conprises
conput er-executable instructions to generate a report of
the presence or absence of the at |east one contam nation
m croorganism in the sanple. In some enbodi nents, conputer
system can further conprises a user interface configured to
conmmuni cate or display said report to a user.

[ 00036] The present disclosure provides a conputer
readabl e nedi um conprising: conputer-executable
instructions for analyzing data conprising neasurenent of a
m crobiome profile from a fermentation sanple obtained from
a fermentation process or environnent, wherein the
m crobiome profile conprises at |east one nmarker and

14
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preferably two markers selected from at |east one mcrobe;
and conputer-executable instructions for determning a
presence or absence of a contamination in the fernentation
process based upon the analyzing.

[ 00037] Exanpl es of machine learning algorithnms that
can be used include, but are not limted to: elastic
networ ks, random forests, support vector nachines, and
logistic regression. The algorithnms provided herein can aid
in selection of inportant mcrobes and transform the
underlying neasurenments into a score or probability
relating to, for exanple, grape quality, wne quality,
presence or absence of contam nation, treatnent response,
and/or classification of organic soil status.

[ 00038] The present disclosure provides a kit,
conprising: one or nore conpositions for use in nmeasuring a
m crobiome profile in a fernmentation sanple obtained from
fermentation process or environment thereof, wherein the
m crobi ome profile conprises at |east one marker and
preferably two markers to at |east one mcrobe; and
instructions for performng any of the preceding nethods.
In sone enbodinents, a kit can further conprises a conputer
readabl e nedi um

[ 00039] Kit reagents may in one enbodinment conprise
at | east one contiguous oligonucleotide that hybridizes to
a fragnment of the genome of a mcroorgani sm I n anot her
enbodi ment, the kit conprises at |east one pair of
ol igonucleotides that hybridizes to opposite strands of a
genom c segnment of a mcroorganism wherein each
oligonucleotide primer pair is designed to selectively
anplify a fragnment of the 16S, |ITS, and/or marker gene of
the organism present in the sanple. In one enbodinent, the
oligonucleotide is conpletely conplenentary to the genomne
of the individual. |In another enbodinment, the kit further
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contains buffer and enzynme for anplifying said segment. In
anot her enbodi nent, the reagents further conprise a |abel
for detecting said fragnent.

[ 00040] O her objects, features and advantages of the
present invention wll becone apparent from the follow ng
detailed description. It should be understood, however,

that the detailed description and the specific exanples,
while indicating specific enbodinments of the invention, are
given by way of illustration only, since various changes
and nodifications wthin the spirit and scope of the
invention will becone apparent to those skilled in the art
from this detailed description.

Bri ef Description of the Draw ngs

[ 00041] The foregoing and other features and
advantages of the invention will be apparent from the
following, nore particular description of various exenplary
enbodi nents including a preferred enbodiment of the
invention, as illustrated in the acconpanying draw ngs.

[ 00042] FIG 1 is a 3-dinensional illustration
providing a conparative representations of mcrobione
profiles of bacterias for differing soil sanples.

[ 00043] FIG 2 is a 3-dinensional illustration
providing a conparative representations of mcrobione
profiles of yeast species for differing soil sanples.

[ 00044] Fig. 3 is a bar chart illustration of the
vi sual conparative representations of mcrobionme profiles
of bacterias found in different soil sanples.

[ 00045] Fig. 4 is a bar chart illustration of the
vi sual conparative representations of mcrobionme profiles
of yeast species found in different soil sanples.
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Det ai | ed Description of the Preferred Enbodi nents

[ 00046] In the description that follows, a nunber of
terns used are extensively utilized. In order to provide a
clearer and consistent wunderstanding of the specification

and clains, including the scope to be given such terns, the
following definitions are provided.

[00047] The use of the word "a" or "an" when used in
conjunction with the term "conprising" in the clains and/or

the specification may mean "one, but it is also consistent
with the neaning of "one or nore, " "at |east one, " and "one
or nore than one."

[ 00048] Throughout this application, the term "about"
is used to indicate that a value includes the standard
deviation of error for the device or method being enployed
to determ ne the val ue.

[ 00049] The use of the term "or" in the clains is
used to nmean "and/or" wunless explicitly indicated to refer
to alternatives only or the alternatives are nutually
exclusive, although the disclosure supports a definition

that refers to only alternatives and "and/or."

[ 00050] As used in this specification and claimg(s),
the words "conprising® (and any form of conprising, such as
"conprise” and "conprises"), "having" (and any form of
havi ng, such as "have" and "has"), "including" (and any

form of including, such as "includes" and "include") or
"containing”" (and any form of containing, such as
"contains" and "contain") are inclusive or open-ended and
do not exclude additional, wunrecited elenents or nethod
steps .

[ 00051] It also is specifically understood that any
nunerical value recited herein includes all values from the
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| ower value to the upper value, i.e., all possible
conbi nati ons of nunerical values between the [owest value
and the highest value enunerated are to be considered to be
expressly stated in this application. For exanple, if a
range is stated as 1% to 50% it is intended that val ues
such as 2% to 40% 10% to 30% or 1% to 3% etc., are
expressly enunmerated in this specification

[ 00052] "Contacting" refers to the process of
bringing into contact at least two distinct species such
that they can react. It should be appreciated, however, the
resulting reaction product can be produced directly from a
reaction between the added reagents or from an internediate
from one or nore of the added reagent which can be produced
in the reaction mxture.

[ 00053] "Nucleic acid,” "oligonucleotide," and
"pol ynucl eotide" refer to deoxyribonucleic acids (DNA) or
ri bonucleic acids (RNA) and polynmers thereof in either
single- or double-stranded form Unless specifically
limted, the term enconpasses nucleic acids containing
known anal ogues of natural nucleotides that have sinilar
bi nding properties as the reference nucleic acid and are
nmetabolized in a manner simlar to naturally occurring
nucl eotides. The term nucleic acid is used interchangeably
with gene, cDNA, and nRNA encoded by a gene

[ 00054] The term "mcrobionme ", as used herein, refers
to the ecological community of comensal, synbiotic, or
pat hogenic mcroorganisns in a sanple.

[ 00055] The term "genone" as used herein, refers to

the entirety of an organismis hereditary information that
is encoded in its primary DNA sequence. The genone includes
both the genes and the non-coding sequences. For exanple
the genonme may represent a microbial genome or a nmanmalian
genone .
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[ 00056] Reference to "DNA region" should be
understood as a reference to a specific section of genonmic
DNA. These DNA regions are specified either by reference to
a gene name or a set of chronpsomal coordinates. Both the
gene nanes and the chronosomal coordinates would be well
known to, and understood by, the person of skill in the
art. In general, a gene can be routinely identified by
reference to its nane, via which both its sequences and
chronosomal |ocation can be routinely obtained, or by
reference to its chronbsomal coordinates, via which both
the gene nanme and its sequence can also be routinely
obt ai ned .

[ 00057] Reference to each of the genes/DNA regions
detail ed above should be understood as a reference to all
forms of these nolecules and to fragnents or variants
thereof. As would be appreciated by the person of skill in
the art, sonme genes are known to exhibit allelic variation
or single nucleotide polynorphisns. SNPs enconpass
insertions and deletions of varying size and sinple
sequence repeats, such as dinucleotide and trinucleotide
repeats. Variants include nucleic acid sequences from the
sanme region sharing at least 90% 95% 98% 99% sequence
identity i.e. having one or nore deletions, additions,
substitutions, inverted sequences etc. relative to the DNA
regi ons described herein. Accordingly, the present
invention should be understood to extend to such variants
which, in ternms of the present applications, achieve the
sane outcone despite the fact that mnor genetic variations
between the actual nucleic acid sequences may exist between
different bacterial strains. The present invention should
therefore be understood to extend to all fornms of DNA which
arise from any other mutation, polynorphic or allelic
variation .
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[ 00058] The term "sequencing" as used herein refers
t o sequencing nethods for determning the order of the
nucl eoti de bases — adeni ne, guanine, cytosine, and thym ne —
in a nucleic acid nolecule (e.g., a DNA or RNA nucleic acid
nol ecul e .

[ 00059] The term "barcode" as used herein, refers to
any unique, non-naturally occurring, nucleic acid sequence
that may be used to identify the originating genone of a
nucleic acid fragnent.

[ 00060] The term "biochip" or "array" can refer to a
solid substrate having a generally planar surface to which
an adsorbent is attached. A surface of the biochip can
conprise a plurality of addressable |ocations, each of
whi ch location may have the adsorbent bound there. Biochips
can be adapted to engage a probe interface, and therefore,
function as probes. Protein biochips are adapted for the
capture of polypeptides and can be conprise surfaces having
chromat ographic or biospecific adsorbents attached thereto
at addressable locations. Mcroarray chips are generally
used for DNA and RNA gene expression detection. M crobione
profiling can further conprise of use of a biochinp.

[ 00061] Bi ochips can be used to screen a |arge nunber
of macronol ecules . Biochips can be designed wth
i mobilized nucleic acid nolecules, full-length proteins,
anti bodies, affibodies (small nolecules engineered to mmc
nonocl onal anti bodies), aptaners (nucleic acid-based
ligands) or chemical conpounds. A chip could be designed to
detect rmultiple macronolecule types on one chip. For
exanple, a chip could be designed to detect nucleic acid
nol ecul es, proteins and netabolites on one chip. The
bi ochip can be used to and designed to sinultaneously
anal yze a panel microbes in a single sanple.

[ 00062] A "conputer-readable nediunt, is an
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information storage medium that can be accessed by a
computer using a comercially available or custom made
interface. Exenplary conputer-readable nedia include nenory
(e.g., RAM ROM flash nenory, etc.), optical storage nedia
(e.g., CD-ROM, mmgnetic storage nedia (e.g., conputer hard
drives, floppy disks, etc.), punch cards, or other
commercially available nedia. Information may be

transferred between a system of interest and a nedium
between conputers, or between conputers and the conputer-
readabl e medium for storage or access of stored

information. Such transmission can be electrical, or by
other available nethods, such as IR links, wreless
connections, etc.

[ 00063] Any mcrobionme profile described herein can
inculde one or nore, but are not limted to the follow ng
m cr obes :

[ 00064] Abiotrophia, Abiotrophia defectiva, Abiotrophia
Acet anaerobacter ium Acetanaerobacterium el ongatum

Acet anaerobacter ium Acetivibrio, Acetivibrio bacterium

Acetivibrio, Acetobacterium Acetobacterium , Acetobacterium
woodi i, Achol epl asma, Achol eplasnma , Aci dam nococcus

Aci dam nococcus fernmentans, Acidam nococcus , Acidianus,
Acidi anus brierleyi, Acidianus, Acidovorax, Acidovorax ,

Aci net obacter , Acinetobacter guillouiae, Acinetobacter
junii, Acinetobacter, Actinobacillus , Actinobacillus
MLO933/96/ 1, Actinonyces, Actinonmyces |CM34, Actinonyces
ICwv41l, Actinomyces |CMVb4, Actinomyces |ingnae, Actinonyces
odontol yt icus, Actinonyces oral, Actinonyces ph3,

Actinonyces , Adlercreut zia, Adlercreut zia equolif aciens,

Adl ercreut zia intestinal, Adlercreut zia , Aerococcus,
Aerococcus , Aeronpnas, Aerompnas 165C, Aeronpnas

hydrophila, Aerononas RC50, Aeronpnas , Aeropyrum Aeropyrum

perni x, Aeropyrum , Aggregat ibacter , Aggregat ibacter
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Agreia, Agreia bicolorata, Agreia , Agronobnas, Agrononas
CS30, Akkermansia, Akkermansia nuciniphila, Akkernmansia
Alistipes, Alistipes ANH Alistipes AP1l1l, Alistipes
bacterium Alistipes CCUG Alistipes DJF_B185, Alistipes

DSM Alistipes EBA6-25cl2, Alistipes finegoldii, Alistipes

i ndi stinctus, Alistipes JC136, Alistipes NM.05A004,

Alistipes onderdonkii, Alistipes putredinis, Alistipes RMA
Alistipes senegalensis , Alistipes shahii, Aistipes Snmarlab,
Alistipes , Alkalibaculum Al kalibaculum , Alkalif |exus,
Alkaliflexus , Allisonella, Allisonella histanmnif ormans,
Al'lisonella , Alloscardovia, Alloscardovia ommicolens,

Anaerofilum Anaerofilum , Anaerof ustis, Anaerofustis

stercorihomnis , Anaerofustis , Anaeroplasma, Anaeroplasm
Anaerosti pes, Anaerostipes 08964, Anaerostipes |y-2,
Anaerosti pes 494a, Anaerostipes 5.sub. —1.sub. — 63FAA,

Anaerosti pes AIP, Anaerostipes bacterium Anaerostipes
butyraticus, Anaerostipes caccae, Anaerostipes hadrum
Anaerosti pes |E4, Anaerostipes indolis, Anaerostipes |,
Anaerotruncus , Anaerotruncus colihomnis, Anaerotruncus NW,
Anaerotruncus , Aquincola, Aquincola , Arcobacter,

Arcobacter , Arthrobacter , Arthrobacter FVI-1,

Asacchar obacter , Asaccharobacter celatus, Asaccharobacter ,
Asterol epl asma, Asterol eplasma , Atopobacter, Atopobacter
phocae, Atopobium Atopobium parvulum Atopobium rinae,

At opobium , Bacteriovorax, Bacter iovorax , Bacteroides,
Bacteroi des 31SF18, Bacteroides 326-8, Bacteroides 35AE31,
Bact eroi des 35AE37, Bacteroides 35BE34, Bacteroides 4072,
Bacteroi des 7853, Bacteroides acidif aciens, Bacteroides AP,
Bact eroi des AR20, Bacteroides AR29, Bacteroides B2,

Bacteroi des bacterium Bacteroides barnesiae, Bacteroides
BLBE- 6, Bacteroides BV-1, Bacteroides caccae, Bacteroides
Cannel Catf ish9, Bacteroides «cellulosilyt icus, Bacteroides
chinchillae, Bacteroides ClP103040, Bacteroides clarus,
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Bact er oi des coprocol a, Bacteroides

D8, Bacteroides DJF_B097, Bacteroides
dnLKV7, Bacteroides dnLKV9,

EBA5- 17, Bacteroides eggerthii,

Bact eroi des F-4, Bacteroides

faecis, Bacteroides fecal, Bacteroides
Bacteroides fragilis, Bacteroides

hel cogenes,
Bact er oi des
Bact er oi des
Bact er oi des
nl aezl cl 61,
Bact er oi des
nl aezl cl 82,
Bact er oi des
nl aezl c206,
Bact er oi des
nl aezl c260,
Bact er oi des
nl aezl c322,
Bact er oi des
nl aezl c367,
Bact er oi des
nl aezl c459,
Bact er oi des
nl aezl c519,
Bact er oi des
nl aezl c592,
Bact er oi des
nl aezl gl 43,
Bact er oi des
nl aezl gl 94,
Bact er oi des

Bact er oi des

massi |l i ensi s

NB- 8,
nl aezl cl 58,
Bact er oi des
nl aezl cl 72,
Bact er oi des
nl aezl c204,
Bact er oi des
nl aezl c218,
Bact er oi des
nl aezl c308,
Bact er oi des
nl aezl ¢339,
Bact er oi des
nl aezl c380,
Bact er oi des
nl aezl c504,
Bact er oi des
nl aezl c57,

Bact er oi des
nl aezl gl 27,
Bact er oi des
nl aezl gl 71,
Bact er oi des
nl aezl g209,

Bact er oi des

icl292,

, Bacteroides

new,

Bact er oi des
nl aezl cl 63,
Bact er oi des
nl aezl cl 90,
Bact er oi des
nl aezl c207,
Bact er oi des
nl aezl c261,
Bact er oi des
nl aezl c324,
Bact er oi des
nl aezl c375,
Bact er oi des
nl aezl c484,
Bact er oi des
nl aezl c532,

Bact er oi des

nl aezl gl 05,
Bact er oi des
nl aezl gl 57,
Bact er oi des
nl aezl gl 95,
Bact er oi des
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Bact er oi des
Bact er oi des

Bact er oi des

copr ophi | us,

dnLKV2,
dor ei

f aeci chi nchill ae,

gal I i narum

npni sol at e,
Bact er oi des

nl aezl cl 59,
Bact er oi des
nl aezl cl 8,

Bact er oi des
nl aezl c205,
Bact er oi des
nl aezl c257,
Bact er oi des
nl aezl c315,
Bact er oi des
nl aezl c36,

Bact er oi des
nl aezl c391,
Bact er oi des
nl aezl c515,
Bact er oi des

nl aezl c574,

Bact er oi des
nl aezl gl 36,
Bact er oi des
nl aezl gl 87,
Bact er oi des
nl aezl g212,
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Bact er oi des

Bact er oi des
Bact er oi des
enri chnment,
Bact er oi des
finegol dii
Bact er oi des
intestinalis,

nl aezl cl 3,

Bact er oi des
nl aezl cl 67,

Bact er oi des

nl aezl cl 98,
Bact er oi des
nl aezl c211,
Bact er oi des
nl aezl c263,
Bact er oi des
nl aezl c331,

Bact er oi des

nl aezl c376,
Bact er oi des
nl aezl c501,
Bact er oi des
nl aezl c557,

Bact er oi des

nl aezl gl | 7,
Bact er oi des
nl aezl gl 67,
Bact er oi des
nl aezl gl 99,
Bact er oi des
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nl aezl g213,
Bact er oi des
nl aezl g237,
Bact er oi des
nl aezl g285,
Bact er oi des
nl aezl g310,
Bact er oi des
nl aezl g338,
Bact er oi des
nl aezl g380,
Bact er oi des
nl aezl g437,
Bact er oi des
nl aezl g459,
Bact er oi des
nl aezl g484,
Bact er oi des
nl aezl g521,
Bact er oi des
nl aezl g98,

Bact er oi des
nl aezl hl 74,
Bact er oi des
nl aezl hl 95,
Bact er oi des
nl aezl h28,

Bact er oi des
nl aezl h334,
Bact er oi des
nl aezl h419,
Bact er oi des
nl aezl h46,

Bact er oi des
nl aezl g228,
Bact er oi des
nl aezl g257,
Bact er oi des
nl aezl g296,
Bact er oi des
nl aezl g329,
Bact er oi des
nl aezl g373,
Bact er oi des
nl aezl g4,
Bact er oi des
nl aezl g456,
Bact er oi des
nl aezl g475,
Bact er oi des
nl aezl g515,
Bact er oi des
nl aezl g8,

nl aezl hl 62,
Bact er oi des
nl aezl hl 92,
Bact er oi des
nl aezl h250,

nl aezl h321,
Bact er oi des
nl aezl h414,
Bact er oi des
nl aezl h444,

nl aezl g218,
Bact er oi des
nl aezl g24,

Bact er oi des
nl aezl g288,
Bact er oi des
nl aezl g312,
Bact er oi des
nl aezl g347,
Bact er oi des
nl aezl g382,

Bact er oi des nl aezl g422,

nl aezl g454,
Bact er oi des
nl aezl g46,

Bact er oi des
nl aezl g5,
Bact er oi des
nl aezl g54,

Bact er oi des nl aezl g80,
Bact er oi des nl aezl hl 20,

Bact er oi des
nl aezl hl 8,

Bact er oi des
nl aezl h207,
Bact er oi des

Bact er oi des nl aezl h313,

Bact er oi des
nl aezl h390,
Bact er oi des
nl aezl h429,
Bact er oi des

Bact er oi des nl aezl h462,
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Bact er oi des
nl aezl g234,

nl aezl g27,

Bact er oi des
nl aezl g303,
Bact er oi des
nl aezl g336,
Bact er oi des
nl aezl g376,
Bact er oi des

Bact er oi des
nl aezl g458,

nl aezl g481,

nl aezl g518,

nl aezl hl 7,

nl aezl hl 94,
Bact er oi des
nl aezl h251,

nl aezl h328,
Bact er oi des
nl aezl h416,
Bact er oi des
nl aezl h45,
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nl aezl g221,
Bact er oi des

Bact er oi des nl aezl g245,
Bact er oi des

nl aezl g295,
Bact er oi des
nl aezl g327,
Bact er oi des
nl aezl g356,
Bact er oi des
nl aezl g385,

Bact er oi des

nl aezl g455,
Bact er oi des

Bact er oi des nl aezl g461,

Bact er oi des

Bact er oi des nl aezl g502,

Bact er oi des

Bact er oi des nl aezl g6,
Bact er oi des
Bact er oi des nl aezl hl 5,
Bact er oi des
Bact er oi des nl aezl hl 88,

Bact er oi des
nl aezl h22,
Bact er oi des

Bact er oi des nl aezl h319,

Bact er oi des
nl aezl h391,
Bact er oi des
nl aezl h439,

Bact er oi des
Bact er oi des nl aezl h463,
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Bact eroi des nl aezl h465, Bacteroi des nlaezl h468, Bacteroides
nl aezl h471, Bacteroides nlaezlh472, Bacteroides nlaezlh474,
Bact er oi des nl aezl h479,
nl aezl h49,
Bact er oi des nl aezl h497,
nl aezl h50,

Bact er oi des

Bact er oi des nl aezl h482, Bacteroi des

Bact er oi des nl aezl h493, Bacteroi des nl aezl h496,

Bact er oi des nl aezl h499, Bact eroi des

Bact er oi des nl aezl h531, Bacteroi des nl aezl h535,

nl aezl h8, Bacteroides nlaezlpl 04, Bacteroides

nl aezl pl 05,
Bact er oi des
nl aezl pl 57,
Bact er oi des
nl aezl pl 87,
Bact er oi des
nl aezl p228,
Bact er oi des
nl aezl p286,
Bact er oi des
nl aezl p304,
Bact er oi des
nl aezl p349,
Bact er oi des
nl aezl p376,
Bact er oi des
nl aezl p412,
Bact er oi des
nl aezl p448,
Bact er oi des
nl aezl p489,
Bact er oi des
nl aezl p565,
Bact er oi des
nl aezl p592,
Bact er oi des

Bact er oi des
nl aezl pl 33,
Bact er oi des
nl aezl pl 71,
Bact er oi des
nl aezl p208,
Bact er oi des
nl aezl p278,
Bact er oi des
nl aezl p301,
Bact er oi des
nl aezl p32,

Bact er oi des
nl aezl p370,
Bact er oi des
nl aezl p403,
Bact er oi des
nl aezl p440,
Bact er oi des
nl aezl p478,
Bact er oi des
nl aezl p559,
Bact er oi des
nl aezl p576,
Bact er oi des
nl aezl p696,

nl aezl pl 08,
Bact er oi des
nl aezl pl 66,
Bact er oi des
nl aezl pl 91,
Bact er oi des
nl aezl p233,
Bact er oi des
nl aezl p295,
Bact er oi des
nl aezl p317,

nl aezl p35,

Bact er oi des
nl aezl p395,
Bact er oi des
nl aezl p436,
Bact er oi des
nl aezl p451,
Bact er oi des
nl aezl p493,
Bact er oi des
nl aezl p572,
Bact er oi des
nl aezl p631,
Bact er oi des
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Bact er oi des
nl aezl pl 51,
Bact er oi des
nl aezl pl 78,
Bact er oi des
nl aezl p213,
Bact er oi des
nl aezl p282,
Bact er oi des
nl aezl p302,
Bact er oi des

Bact er oi des nl aezl p332,

nl aezl pl 32,
Bact er oi des
nl aezl pl 67,
Bact er oi des
nl aezl pl 96,
Bact er oi des
nl aezl p267,
Bact er oi des
nl aezl p299,
Bact er oi des
nl aezl p319,

Bact er oi des

Bact er oi des nl aezl p356,

nl aezl p371,
Bact er oi des
nl aezl p409,
Bact er oi des
nl aezl p447,
Bact er oi des
nl aezl p483,
Bact er oi des
nl aezl p564,
Bact er oi des
nl aezl p591,
Bact er oi des
nl aezl p7,

Bact er oi des
nl aezl p402,
Bact er oi des
nl aezl p438,
Bact er oi des
nl aezl p476,
Bact er oi des
nl aezl p557,
Bact er oi des
nl aezl p573,
Bact er oi des
nl aezl p633,

Bact er oi des
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nl aezl p720,
Bact er oi des
nl aezl p759,
Bact er oi des
nl aezl p886,
Bact er oi des
nl aezl p916,
Bact er oi des
ovat us,

pl ebei us,
S-17,
SLd - 38,
Bact er oi des
Bact er oi des
TP-5,

vul gatus, Bacteroides WAl, Bacteroides W,
VWH302, Bacteroides WH305, Bacteroides XB12B,
XB44A, Bacteroides X077B42, Bacteroides

Bar nesi el | a,
Bar nesi el | a

Bavarii coccus

Bergeriella,
103,

Bi fi dobacteri um
33, Bifidobacterium Acbbt o5,
Anmsbbt | 2,
animal i s,
bi fi dum

Bi fi dobacteri um
Bi fi dobacteri um
Bi fi dobacteri um
Bi fi dobacteri um

cat enul at um
coryneforne,
DIF_WC44,

Bact er oi des
Bact er oi des

Bact er oi des

Bact eroi des

Bi fi dobacteri um

Bact er oi des
nl aezl p737,
Bact er oi des
nl aezl p854,
Bact er oi des
nl aezl p909,
Bact er oi des
nordii,

Bact er oi des

S-18,

stercorirosoris ,

str,

Barnesiel |l a
, Barnesiella viscericola,

, Bdellovibrio,
Bergeriella
108,
Bi fi dobact eri um

120,

Bmab,

Bi fi dobacteri um
Bi fi dobacterium dentium
Bi fi dobacterium F-10,

Bi fi dobacterium group,

Bact er oi des

Smar | ab,

Bact er oi des
Bact er oi des

nl aezl p730,
Bact er oi des
nl aezl p774,
Bact er oi des
nl aezl p887,
Bact er oi des
nl aezl p920,

paur osacchar ol yt
R6 ,

Bact er oi des

intest i ni homnis ,

, Bifidobacterium
Bi fi dobacteri um

Bact er oi des

Bact er oi des
Bact er oi des

uni forms,

Bdel l ovi brio

Bact er oi des
nl aezl p754,
Bact er oi des
nl aezl p860,
Bact er oi des
nl aezl p913,
Bact er oi des

ol ei ci pl enus ,

i cus,

rodenti um

sal yer si ae,

t het ai ot aoni cron

113,
138,

Bi fi dobacteri um adol escent

oral,
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nl aezl p736,
Bact er oi des
nl aezl p828,
Bact er oi des
nl aezl p900,
Bact er oi des
nl aezl p96,

Bact er oi des
Bact er oi des

Bact er oi des
Bact er oi des

"Smar | ab,
stercoris,
Bact er oi des
Bact er oi des

Bact er oi des

Bact er oi des
xyl ani sol vens,
Barnesi el la NSB1,
Bavariicoccus ,

Bi fi dobacteri um

Bi fi dobacteri um

is,

Bi fi dobacteri um angul at um

Bi fi dobacteri um bacterium

Bi fi dobacterium Bisn6,

Bi fi dobacterium breve,
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Bi fi dobacterium hl2, Bifidobacterium
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HVMLNL , Bifidobacterium HM.NL 2, Bifidobacterium HWVLNS,

Bi fi dobacterium iarfr2341d, Bifidobacterium iarfr642d48,

Bi fi dobacterium icl332, Bifidobacterium indicum

Bi fi dobacteri um kashi wanohense, Bi fi dobacterium LISLUCIII-2,
Bi fi dobacterium |ongum Bifidobacterium M5, Bifidobacterium
meryci cum  Bifidobacterium mnimum Bifidobacterium NMSX5B,

Bi fi dobacterium oral, Bifidobacterium PGL2A, Bifidobacterium
PL1, Bifidobacterium pseudocatenul atum Bi fi dobacterium
pseudol ongum  Bi fi dobacterium pullorum Bifidobacterium

rum nantium Bifidobacterium S-10, Bifidobacterium

saecul are, Bifidobacterium saguini, Bifidobacterium
scardovii, Bifidobacterium siniae, Bifidobacterium SLPYG1,
Bi fi dobacterium stell enboschense, Bi fi dobacterium stercoris,
Bi fi dobacterium TM 7, Bifidobacterium TrnB, Bifidobacterium
, Bilophila, Bilophila nlaezlh528, Bilophila , Bilophila
wadsworthia, Blautia, Blautia bacterium Blautia CE2,
Blautia CE6, Blautia coccoides, Blautia DJF_VR52, Blautia
DJF VR67, Blautia DJF VR70kl, Blautia formate, Blautia

gl ucerasea, Blautia hansenii, Blautia icl272, Blautia |IE5,
Blautia K-1, Blautia luti, Blautia MI, Blautia npnisolate,
Blautia nlaezlc25, Blautia nlaezlc259, Blautia nlaezlchl,
Blautia nlaezlc520, Blautia nlaezlc542, Blautia nlaezlc544,
Bl autia nlaezl h27, Blautia nlaezlh316, Blautia nlaezlh317,
Blautia obeum Blautia producta, Blautia productus, Blautia
schinkii, Blautia Ser5, Blautia Ser8, Blautia , Blautia WAL,
Blautia wexlerae, Blautia YHC-4, Brenneria, Brenneria |,
Brevi bacter ium Brevibacter ium , Brochothrix, Brochothrix

t hermosphacta, Butt iauxella, Buttiauxella 57916,

Buttiauxella gaviniae, Butyricicoccus , Butyricicoccus
bacterium Butyricicoccus , Butyricinonas , Butyricinonas
180-3, Butyricinmonas 214-4, Butyricinonas bacterium
Butyricinonas GD2, Butyricinonas synergist ica, Butyricinonas
, Butyricinmonas virosa, Butyrivibrio, Butyrivibrio
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fibrisolvens, Butyrivibrio hungatei, Butyrivibrio

Cal dimicrobium Caldimcrobium , Caldisericum Caldisericum
, Campyl obacter, Canpyl obacter ~coli, Canmpylobacter honinis,
Campyl obacter , Capnocytophaga, Capnocytophaga ,

Carnobacter ium Carnobacterium alterf unditum Carnobacterium
, Caryophanon, Caryophanon , Catenibacter ium

Cat eni bacter ium mtsuokai, Catenibacterium , Catonella,
Catonella , Caul obacter, Caul obacter , Cellul ophaga,

Cel lul ophaga , Cellulosilyt icum Cellulosilyt icum ,

Cet obacterium  Cetobacterium , Chel atococcus , Chel atococcus
, Chlorobium Chlorobium , Chryseobacter ium

Chryseobacter ium A1005, Chryseobacter ium KJ9C8,

Chryseobacter ium , Citrobacter, Citrobacter 1, Citrobacter
aggl onerans, Citrobacter analonat icus, Citrobacter

ascorbata, Citrobacter bacterium G trobacter BinzhouCLT,

Citrobacter braakii, Ctrobacter enrichnment, C trobacter
F24, Citrobacter F96, Citrobacter farneri, C trobacter
freundii, Citrobacter gillenii, Citrobacter HBKC SR1,

Ctrobacter HD4.9, G trobacter hormaechei, Citrobacter 191-
3, Citrobacter kab5, Citrobacter |apagei, Citrobacter LAR 1,
Citrobacter ludwigii, G trobacter MEB5, G trobacter MS36,
Ctrobacter nurliniae, G trobacter nlaezlc269, G trobacter
PO014, GCitrobacter PO42bN, Citrobacter P046a, G trobacter
PO73, Citrobacter SR3, Citrobacter TI, Citrobacter tnt4,
Ctrobacter tnt5, Citrobacter trout, G trobacter TSA-1,
Ctrobacter , Ctrobacter werkmanii, C oacibacillus,

Cl oaci bacillus adv66, C oacibacillus nlaezlp702,

Cl oaci bacillus NM.05A017, C oacibacillus , C oacibacterium
O oaci bacter ium , Collinsella, Collinsella A, Collinsella
aerofaciens, Collinsella AUH Julong2 1, Collinsella
bacterium Collinsella CCUG Collinsella , Conmanpnas,
Comanonas stram nea, Comanonas testosteroni , Conexibacter ,
Conexi bacter , Coprobacillus, Coprobacillus bacterium
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Coprobacillus catenif orm s, Coprobacillus TM 40,
Coprobacillus , Coprococcus, Coprococcus 14505, Coprococcus
bacterium Coprococcus catus, Coprococcus cones, Coprococcus
eut actus, Coprococcus nexile, Coprococcus ,

Coraliomargarita, Coraliomargarita fucoi danolyt icus,

Coraliomargarita marisflavi, Coraliomargarita |,
Corynebacter ium Corynebacter ium any°col atum

Corynebacter ium durum Coxiella, Coxiella , Cronobacter,
Cronobacter dublinensis, Cronobacter sakazakii, Cronobacter

turicensis, Cryptobacterium Cryptobacterium curtum

Cupriavi dus, Cupriavidus eutropha, Dechlorononas |,

Dechl orononas , Hz, Desulf obacterium Desulf obacterium |,
Desul f obul bus , Desul f obul bus , Desulfopila, Desulfopila
La4.1, Desulf ovibrio, Desulf ovibrio D4, Desulf ovibrio

desul f uricans , Desulf ovibrio DSML2803, Desulf ovibrio
enrichment, Desulf ovibrio fairfieldensis, Desulf ovibrio
LNB1, Desulf ovibrio piger, Desulf ovibrio , D alister,
Dialister E2.sub. —20, Dialister GBA27, D alister invisus,
Dialister oral, D alister succinat iphilus, D alister ,
Dorea, Dorea auhjulong64, Dorea bacterium Dorea
formcigenerans , Dorea |ongicatena, Dorea npnisolate, Dorea
, Dysgonononas , Dysgonononas gadei, Dysgononbnas |,
Edwardsiella, Edwardsiella tarda, Eggerthella, Eggerthella
El, Eggerthella lenta, Eggerthella M(G043, Eggerthella MA1L,
Eggerthella S6-Cl, Eggerthella SDG 2, Eggerthella sinensis,
Eggerthella str, Eggerthella , Enhydrobacter , Enhydrobacter

, Enterobacter , Enterobacter 1050, Enterobacter 1122,

Ent erobacter 77000, Enterobacter 82353, Enterobacter 9C,

Ent erobacter A5C, Enterobacter adecarboxylata, Enterobacter
aerogenes, Enterobacter aggl onerans, Enterobacter AJAR A2,
Ent er obacter ami genus, Enterobacter asburiae, Enterobacter
Bl (2012), Enterobacter B363, Enterobacter B509, Enterobacter
bacterium Enterobacter Badong3, Enterobacter BEC441,
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Ent erobacter C8, Enterobacter cancerogenus |,

PCT/US2016/064984

Ent er obact er

cl oacae, Enterobacter C©CO Enterobacter core2, Enterobacter
cowanii, Enterobacter dc6, Enterobacter DRSBII, Enterobacter
enrichment, Enterobacter FL13-2-1, Enterobacter G ST-NKstl O
Ent erobacter G ST-NKst9, Enterobacter GIJI-11, Enterobacter
gx- 148, Enterobacter hormaechei, Enterobacter |-Bh20-21
Enterobacter | CB 113, Enterobacter kobei, Enterobacter KW
14, Enterobacter 112, Enterobacter ludwi gii, Enterobacter

M O sub. — 1B, Enterobacter MLR3, Enterobacter nmarine,

Ent erobacter NCCP-167, Enterobacter of, Enterobacter oryzae,
Ent erobacter oxytoca, Enterobacter P101, Enterobacter SiI,
Ent erobacter SEL2, Enterobacter SPh, Enterobacter SSASP5,
Ent erobacter terrigena, Enterobacter TNT3, Enterobacter

TP2MC, Enterobacter TS4, Enterobacter

TSSAS2- 48,

Ent er ococcus
Ent er ococcus
avi um
Ent er ococcus
Ent er ococcus

Ent erobacter , Enterobacter ZYXCAl, Enterococcus,
Ent erococcus 020824/ 02-A, Enterococcus 1275b

16C, Enterococcus 48, Enterococcus 6114,
ABRI | NM H61, Enterococcus asini, Enterococcus

Ent erococcus azi keevi, Enterococcus bacterium
BBDP57, Enterococcus BPH34, Enterococcus Bt,

Ent er ococcus Ent er ococcus
Da- 20,

Ent er ococcus

cani s, cassel i f | avus,
Ent er ococcus
DIF_ (30,

Ent er ococcus

Ent er ococcus devri esei

di spar, Ent er ococcus
Ent er ococcus
F81,

Ent er ococcus

dur ans, enri chnent,

Ent er ococcus Ent er ococcus
fcco,
Ent er ococcus
FUA3374,

Ent er ococcus

faecali s,
Ent erococcus fecal
fl avescens, fluvialis,
Ent er ococcus
GSC- 2,

her manni ensi s,

Ent er ococcus
GHAPRB1,
Ent er ococcus

gal I'i narum
Ent er ococcus
Ent erococcus hirae,
Ent er ococcus
MNCl ,

Ent er ococcus

| actis, Enterococcus nmnal odoratus,
Ent er ococcus

VB2,

Ent erococcus rmarine,

nmor avi ensi s, Ent er ococcus
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CmNA2,

Ent er ococcus
DvB4,
Ent er ococcus
faeci um
Ent er ococcus

FR- 3,

Ent er ococcus
GYPBO1,

Ent er ococcus

manur e,
Ent er ococcus
mundtii,
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Ent er ococcus
nl aezl c434,

Ent er ococcus
Ent er ococcus
Ent er ococcus
Ent er ococcus
Ent er ococcus
Ent er ococcus
rottae,
Ent er ococcus
Ent er ococcus
Ent er ococcus
Ent er ococcus
Ent er ococcus
Ent er ococcus
Ent er ococcus

Ent er or habdus

Ent er ococcus
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NAB 15, Enterococcus NBRC, Enterococcus
Ent erococcus nlaezl gl 06, Enterococcus nlaezl g87,
nl aezl h339, Enterococcus nl aezl h375,
nl aezl h381, Enterococcus nl aezl h383,
nl aezl h405, Enterococcus nlaezl pll 6,
nl aezl pl 48, Enterococcus nlaezl p401
nl aezl p650, Enterococcus pseudoavi um
R- 25205, Enterococcus raffinosus, Enterococcus

RUO7,
sacchar om ni nus ,

Ent er ococcus

Ent er ococcus

saccharol yt icus,

sangui ni col a,

SCA16, Enterococcus SCA2, Enterococcus SE138,
SF-1, Enterococcus sulfureus, Enterococcus SV6,
tela, Enterococcus te32a, Enterococcus te42a,
ted45r, Enterococcus ted49a, Enterococcus teb5la,
te58r, Enterococcus te59r, Enterococcus te6lr
te93r, Enterococcus te95a, Enterococcus ,

, Ent er or habdus

caecinmuri s,

Ent er or habdus

Erwnia, Erwinia agglonerans, Erwinia enterica, Erwinia
rhapontici, Erwinia tasmaniensis , Erwinia |,
Erysi pel otr ichaceae__incert ae__sedis,

Erysi pel otr ichaceae__incert ae__sedis aff,
Erysi pel otr ichaceae__incert ae_ _sedis bacterium
Erysi pel otr ichaceae__incert ae__sedis bif orme,
Erysi pel otr ichaceae__incert ae__sedis C 1,
Erysi pel otr ichaceae__incert ae__sedis cylindroides |,
Erysi pel otr ichaceae__incert ae__sedis K12
Erysi pel otr ichaceae__incert ae__sedis innocuum
Erysi pel otr ichaceae__incert ae__sedis nlaezlc332 ,
Erysi pel otr ichaceae__incert ae_ sedis nlaez|c340,
Erysi pel otr ichaceae__incert ae__sedis nlaezlg420,
Erysi pel otr ichaceae__incert ae__sedis nl aezl g425,
Erysi pel otr ichaceae__incert ae__sedis nl aezl g440,
Erysi pel otr ichaceae__incert ae__sedis nlaezl g463 ,
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Erysi pel otr ichaceae_i
Erysi pel otr ichaceae_i
Erysi pel otr ichaceae_i
Erysi pel otr ichaceae_i
Erysi pel otr ichaceae_i
Erysi pel otr ichaceae_i

Erysi pel otr ichaceae_i

Erysi pel otri chaceae_i ncertae_sedi s ,
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ncert ae_sedis nlaezl h340,
ncert ae_sedis nlaezl h354,
ncertae_sedis nlaezl h379,
ncertae_sedis nlaezl h380,
ncertae_sedis nlaezl h385,
ncertae_sedis nlaezl h410,
ncertae_sedis tortuosum

Escheri chi a/ Shi gel | a,

Escherichia/ Shigella 29(2010), Escherichial/Shigella 4091
Escherichia/ Shigella 4104, Escherichial/Shigella 8gw 8,
Escherichia/ Shigella A94, Escherichial/Shigella albertii,
Escherichia/ Shigella B-1012, Escherichia/Shigella B4
Escherichia/ Shigella bacterium Escherichial/Shigella BBDP15,
Escherichi a/ Shigella BBDP80, Escherichial/Shigella boydii,
Escherichia/ Shigella carotovorum Escherichial/ Shigella

CERAR, Escherichial/Shigella «coli, Escherichial/Shigella DBC
1, Escherichial/Shigella dc262011, Escherichial/Shigella

dysenteri ae,
Escheri chi a/ Shi gel | a

Escheri chi a/ Shi gel | a

enri chnent,

escherichia, Escherichial/Shigella

fecal, Escherichial/Shigella fergusonii, Escherichial/Shigella
flexneri, Escherichial/Shigella GDR05, Escherichial/Shigella
GDRO7, Escherichial/Shigella H7, Escherichial/Shigella marine,
Escherichia/ Shigella M.2-46, Escherichial/Shigella

npni sol at e,
nl aezl g330,
Escheri chi a/ Shi gel | a
nl aezl g506,
Escheri chi a/ Shi gel | a
nl aezl h209,
Escheri chi a/ Shi gel | a
nl aezl h4,
Escheri chi a/ Shi gel | a
nl aezl pl 26,

Escheri chi a/ Shi gel | a
Escheri chi a/ Shi gel | a

Escheri chi a/ Shi gel | a

Escheri chi a/ Shi gel | a

NA!
nl aezl g400,

Escheri chi a/ Shi gel | a

nl aezl g441, Escherichial/Shigella
Escherichi a/ Shigella nlaezl h204,
nl aezl h208, Escheri chi a/ Shigell a
Escherichi a/ Shigella nlaezl h213,
nl aezl h214, Escherichi a/ Shigella
nl aezl h435,

nl aezl h81, Escherichial/Shigella

nl aezl pl 98,
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Escherichia/ Shigella nlaezl p2l, EscherichialShigella

nl aezl p235, Escherichial/Shigella nlaezlp237,

Escherichia/ Shigella nlaezl p239, Escherichial/Shigella

nl aezl p25, Escherichial/ Shigella nlaezl p252,

Escherichia/ Shigella nlaezl p275, Escherichial/Shigella

nl aezl p280, Escherichia/ Shigella nlaezl p51,

Escherichi a/ Shigella nlaezl p53, Escherichial/Shigella

nl aezl p669, Escherichial/Shigella nlaezl p676,

Escherichia/ Shigella nlaezlp717, Escherichial/Shigella

nl aezl p731, Escherichial/Shigella nlaezl p826,

Escherichia/ Shigella nlaezl p877, Escherichial/Shigella

nl aezl p884, Escherichia/Shigella NMJST2 ,

Escherichia/ Shigella ocl 82011, Escherichial/Shigella of,
Escherichi a/ Shigella proteobacterium  Escherichial/ Shigella
Q, Escherichial/Shigella sakazakii, Escherichial/Shigella

SF6, Escherichial/Shigella sm 719, Escherichial/Shigella SOD
7317, Escherichial/ Shigella sonnei, EscherichialShigella

SW86, Escherichial/Shigella , Escherichial/Shigella vulneris,
Et hanol i genens , Ethanol i genens harbi nense, Ethanoligenens ,
Eubacterium Eubacterium ARC -2, Eubacterium callanderi,
Eubacterium E-1, Eubacterium G3(2011), Eubacterium infirnmm
Eubacterium |inmosum Eubacterium nethyl otrophi cum

Eubact eri um nl aezl p439, Eubacterium nl aezl p457, Eubacterium
nl aezl p458, Eubacterium nlaezl p469, Eubacterium nlaezl p474,
Eubacterium oral, Eubacterium saphenum Eubacterium sulci,
Eubacterium , Eubacterium WAL, Euglenida, Euglenida |onga,
Faecal i bact eri um Faecal i bacterium bacterium

Faecal i bacterium cani ne, Faecalibacterium DIJF_VR20,

Faecal i bacterium icl 379, Faecalibacterium prausnitzii,

Faecal i bacterium , Filibacter, Filibacter gl obispora,

FI avobacter ium Fl avobacterium SSL03, Flavobacter ium ,

Fl avoni f ract or, Flavonif ract or AUH-JLC235, Flavonif ract or
enrichnent, Flavonif ract or nlaezlc354, Flavonif ract or
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orbi scindens , Flavonif ractor plautii, Flavonif ractor
Francisella, Francisella piscicida, Fusobacterium
Fusobacter ium nucleatum Fusobacterium , Gardnerella,
Gardnerella , Gardnerella vaginalis, Gemmger, GCenm ger
DIJF_VR33k2, Genmiger formcilis, Genmger , Ceobacter,
Geobacter , Cordoni bacter , Gordoni bacter bacterium
CGordoni bacter intestinal, Gordonibacter panel aeae,

Gordoni bacter , &2, 2 , P21, P21 , G4, G4 , G6, 6
, Granulicatella, Ganulicatella adiacens, Ganulicatella
enrichrment, Ganulicatella oral, Ganulicatella

paraadi acens , Granulicatella , Haenophilus, Haenophilus ,
Hafnia, Hafnia 3-12(2010), Hafnia alvei, Hafnia CCl6, Hafnia
proteus, Hafnia , Haliea, Haliea , Hallella, Hallella
seregens, Hallella , Herbaspirillum Herbaspirillum 02254-
11, Herbaspirillum seropedicae, Hespellia, Hespellia

porcina, Hespellia stercorisuis , Hespellia , Hol demani a,

Hol demania AP2, Holdermania filiforms, Holdemania |,
Howardella, Howardella , Howardella wureilytica,

Hydr ogenoanaer obacter ium Hydrogenoanaerobacter ium
saccharovorans , Hydrogenophaga, Hydr ogenophaga bacterium

Il umat obacter , Il umatobacter , Janthi nobacterium

Jant hi nobacter ium C30An7, Janthinobacterium

Jeotgali coccus , Jeotgalicoccus , Kl ebsiella, Kl ebsiella
aerogenes, Klebsiella bacterium Kl ebsiella E1L1, Kl ebsiella
EB2- THQ Klebsiella enrichnment, Kl ebsiella F83, Klebsiella
-6, Klebsiella ggl60e, Kl ebsiella granulomat is, Kl ebsiella
HaNA20, Klebsiella HF2, Klebsiella ii.sub. —3 chl.sub. —1,
Klebsiella KALAICIBAL 7, Klebsiella kpu, Kl ebsiella M3,
Klebsiella M45, Klebsiella mlletis, Kl ebsiella NCCP-138,

Kl ebsiella okl.sub. —1I.sub. —9 S16, Klebsiella okl.sub. —
|.sub. — 9 S54, Klebsiella planticola, Klebsiella pneunoniae,
Klebsiella poinarii, Klebsiella PSB26, Klebsiella RS,

Klebsiella Sel4, Klebsiella SRC DSD12, Klebsiella tdl53s,
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Klebsiella TG 1, Kl ebsiella TPS5 Kl ebsiella , Kliebsiella
variicol a, Klebsiella WB-2, Klebsiella Y9, Kl ebsiella zlny,
Kl uyvera, Kluyvera An5-1, Kl uyvera cryocrescens, Kl uyvera
Kocuria, Kocuria 2216.35.31, Kurthia, Kurthia ,

Lachnobacter ium Lachnobacter ium Cl2b, Lachnobacterium
Lachnospiracea_incert ae_sedis , Lachnospiracea_incert ae_sedis

bacterium Lachnospiracea_i ncertae_sedis contortum
Lachnospiracea_ _incert ae__sedis Eg2,
Lachnospiracea_ _incert ae__sedis eligens ,
Lachnospiracea_ _incert ae__sedis ethanol gi gnens
Lachnospiracea_ _incert ae__sedis gal acturonicus
Lachnospi racea_ _incert ae__sedis ghavus ,
Lachnospiracea_ _incert ae__sedis hallii ,

Lachnospi racea_ _incert ae__sedis hydrogenotrophica,
Lachnospiracea_ _incert ae__sedis |D5,
Lachnospiracea_ _incert ae__sedis intestinal |,
Lachnospiracea_ _incert ae__sedis npnisol ate,
Lachnospiracea_ _incert ae__sedis pectinoschi za,
Lachnospiracea_ _incert ae__sedis ramulus ,
Lachnospiracea_ _incert ae__sedis rectale,
Lachnospiracea_ _incert ae__sedis RLB1,
Lachnospiracea_ _incert ae__sedis runen,
Lachnospiracea_ _incert ae__sedis SY8519,
Lachnospiracea_ _incert ae__sedis torques ,
Lachnospiracea_ _incert ae__sedis ,

Lachnospiracea_ _incert ae__sedis uni forne,
Lachnospiracea_ _incert ae__sedis ventr iosum
Lachnospiracea_ _incert ae__sedis xylanophilum
Lachnospiracea_ _incert ae__sedis ye62, Lactobacillus,

Lactobacillus 5-1-2, Lactobacillus 66c, Lactobacillus

aci dophilus, Lactobacillus arizonensis, Lactobacillus B5406,
Lactobacillus brevis, Lactobacillus casei, Lactobacillus
crispatus, Lactobacillus curvatus, Lactobacillus
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del brueckii, Lactobacillus fernentum Lactobacillus gasseri
Lactobacillus helveticus, Lactobacillus hom nis,
Lactobacillus 1D9203, Lactobacillus |IDSAc, Lactobacillus
intestinal, Lactobacillus johnsonii, Lactobacillus Ilactis,
Lactobacillus mani hot ivorans , Lactobacillus mnucosae,
Lactobacillus NA, Lactobacillus oris, Lactobacillus P23,
Lactobacillus P8, Lactobacillus paracasei, Lactobacillus
par apl ant arum Lactobacillus pentosus, Lactobacillus

pl antarum Lactobacillus pontis, Lactobacillus

rennanqil f ylI O, Lactobacillus rennangilf yl4, Lactobacillus
rennanqgi |l yf 9, Lactobacillus reuteri, Lactobacillus
rhammosus, Lactobacillus salivarius, Lactobacillus

sanf ranci scensis , Lactobacillus suntoryeus, Lactobacillus
T3R1C1, Lactobacillus , Lactobacillus vaginalis,
Lactobacillus zeae, Lactococcus, Lactococcus 56, Lactococcus
CR-317S, Lactococcus CW1, Lactococcus D8, Lactococcus Da-
18, Lactococcus DAP39, Lactococcus delbrueckii, Lactococcus
F116, Lactococcus fujiensis, Lactococcus &2, Lactococcus
garvi eae, Lactococcus lactis, Lactococcus nmanure,

Lact ococcus RTS, Lactococcus SXVI 111(2011), Lactococcus
TP2MJ, Lactococcus TP2M., Lactococcus TP2M\, Lactococcus U5-
1, Lactococcus , Lactonif actor, Lactonif actor bacterium
Lactoni f actor longovif orm s, Lactonif actor nlaezlc533,
Lactonif actor , Leclercia, Leclercia , Lentisphaera,

Lenti sphaera , Leuconostoc, Leuconostoc carnosum
Leuconostoc citreum Leuconostoc garlicum Leuconostoc
gasi com tatum Leuconostoc gelidum Leuconostoc inhae,
Leuconostoc lactis, Leuconostoc MEBE2, Leuconostoc

nesent er oi des , Leuconostoc pseudonesent eroi des, Leuconost oc
, Limobacter, Limmobacter spf3, Luteolibacter |,

Lut eol i bacter bacterium Lutispora, Lutispora , Marinifilum
Marinifilum , Marinobacter , Marinobacter arcticus,

Mar i prof undus , Mar i prof undus , Marvinbryant ia,

36



WO 2017/096385 PCT/US2016/064984

Marvi nbryant ia , Meganpbnas, Meganonas , Megasphaer a,
Megasphaera , Melissococcus , Melissococcus faecalis,
Met hanobacter ium Methanobacterium subterraneum
Met hanobr evi bacter , Met hanobrevi bact er ar bori philus ,
Met hanobr evi bacter nmillerae, Methanobrevibacter ol I eyae,
Met hanobr evi bact er oralis, Methanobrevibacter SMD,
Met hanobr evi bact er smthii, Methanobrevibacter ,
Met hanosphaera, Mt hanosphaera stadtrmanae, Methanosphaera ,
Met hyl obact eri um Met hyl obacteri um adhaesi vum
Met hyl obacterium bacterium Methyl obacterium iElIlS,
Met hyl obacterium MP3, Methyl obacterium oryzae,
Met hyl obacterium PB132, Methyl obacterium PB20,
Met hyl obacterium PB280, Methyl obacterium PDD 23b-14,
Met hyl obacterium radiot ol erans , Methylobacterium SKIJH 1,
Met hyl obacterium , Mtsuokella, Mtsuokella jalaludinii,
M tsuokella , Mrganella, Mrganella norganii, Mrganella ,
Moritella, Moritella 2D2, Mryella, Mryella indoligenes,
Moryella naviforne, Moryella , Mycobacterium Mcobacterium
tubercul osis, Mycobacterium , Negat ivicoccus , Negat ivicoccus
, Nitrosononas , Nitrosomonas eutropha, Novosphi ngobi um
Novosphi ngobi um , Odori bacter, Odoribacter |aneus,
Qdori bacter splanchnicus , COdoribacter , Osenella, dsenella
1832, (O senella F0206, O senella , Obus, Obus gillianella,
Oribacter ium Oibacterium , Oscillibacter , Gscillibacter
bacterium Gscillibacter enrichnment, Gscillibacter
Onenweeksia, Owenweeksia , Oxal obacter, Oxal obacter
form genes, Oxal obacter , Paludibacter , Pal udi bacter
Pant oea, Pantoea agglonerans, Pantoea eucalypti, Pantoea |,
Papillibacter , Papillibacter cinnamvorans , Papillibacter
Par abact er oi des , Parabact eroi des

[ 00065]

[ 00066] ASF519, Parabacteroides CR-34,

Par abact eroi des di stasoni s, Parabacteroides DJF_B084,
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Par abact eroi des DJF _B086, Parabacteroides dnLKVS,

Par abact eroi des enrichnment, Parabacteroides fecal,

Par abact eroi des goldsteinii, Parabacteroides gordonii,

Par abact eroi des johnsonii, Parabacteroides merdae,

Par abact er oi des npni sol ate, Parabacteroi des nlaezl p340,

Par abact eroi des , Paraeggerthella, Paraeggerthella
hongkongensis , Paraeggerthella nlaezlp797, Paraeggerthella
nl aezl p896, Paraprevotella, Paraprevotella clara,
Paraprevotella , Paraprevotella xylaniphila,

Parasutterella, Parasutterella excrenent ihomnis,
Parasutterella , Pectobacterium Pectobacterium
carotovorum Pectobacterium wasabiae, Pediococcus,

Pedi ococcus te2r, Pediococcus , Pedobacter, Pedobacter
b3N b- b5, Pedobacter daechungensis , Pedobacter

Pept ostrept ococcus , Peptostreptococcus anaerobi us,

Pept ostrept ococcus stomatis, Peptostreptococcus

Phascol arct obacter ium Phascol arctobacterium faeci um
Phascol arct obacter ium , Photobacterium Photobacterium ME

Pilibacter, Pilibacter , Planctonyces , Planctonyces ,

Pi ano coccaceae i ncertae _sedis ,

Pl anococcaceae i ncertae_sedi s , Pl anom cr obi um

Pl anom crobium , Pl esionobnas, Plesiononas , Porphyrobacter |,

Por phyr obacter KK348, Porphyronmonas , Porphyrononas
asaccharol yt ica, Porphyronobnas bennonis, Porphyrononas
cani ne, Porphyrononas sonerae, Porphyrononas , Prevotell a,
Prevotella bacterium Prevotella BI-42, Prevotella bivia,
Prevotella buccalis, Prevotella copri, Prevotella DJF B112,
Prevotella npnisolate, Prevotella oral, Prevotella
Propi oni bacter ium Propioni bacterium acnes,

Pr opi oni bacter ium freudenreichii , Propionibacterium LG
Propi oni bacterium , Proteiniborus , Proteiniborus |,
Protei ni philum  Proteiniphilum , Proteus, Proteus HS7514,
Provi dencia, Providencia , Pseudobutyrivibrio,
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Pseudobutyr ivibrio bacterium Pseudobutyrivibrio
fibrisolvens, Pseudobutyrivibrio rumnis,

Pseudobut yri vi bri o, Pseudochr obact rum Pseudochr obact rum
Pseudof | avonif ract or, Pseudof |avonif ractor asf500,

Pseudof | avonif ract or bacterium Pseudof | avonif ractor

capi |l osus, Pseudof |avonif ractor NM., Pseudof |avonif ract or,
Pseudononas, Pseudononas 1043, Pseudononas 10569,
Pseudormonas 127(39-zx), Pseudonbnas 12A sub. — 19,
Pseudonmonas 145(38zx), Pseudonbnas 22010, Pseudononas
32010, Pseudompbnas 34t20, Pseudononas 3C.sub. — 10,
Pseudonmonas 4-5(2010), Pseudonobnas 4-9(2010), Pseudononas
6-13. J, Pseudonbnas 63596, Pseudononas 82010, Pseudonobnas
a001-142L, Pseudomonas al 01-18-2, Pseudononas alll-5,
Pseudonmonas aerugi nosa, Pseudonobnas agarici, Pseudononas
anspl, Pseudonobnas AU2390, Pseudonmonas AZ18Rl1l, Pseudononas
azotof ormans , Pseudononas B122, Pseudononas B65(2012),
Pseudononas bacterium Pseudonobnas BJSX, Pseudononas BLH
8D5, Pseudonbnas BWDY-29, Pseudononas CA18, Pseudonobnas
Cantasl 2, Pseudonmobnas CB 11, Pseudonobnas CBZ-4, Pseudonopnas
cedrina, Pseudonobnas CGMCC, Pseudononas CL16, Pseudonopnas
CNE, Pseudonpbnas corrugata, Pseudononas

cuatroci enegasensis , Pseudonpbnas CYEB-7, Pseudonobnas D5,
Pseudononas DAP37, Pseudononas DB48, Pseudonobnas

decept ionensis , Pseudononas Den-05, Pseudononas DF7EHL,
Pseudonmonas DhA-91, Pseudonbnas DVSl4a, Pseudonobnas DYJK4-
9, Pseudonbnas DzZQ, Pseudononas E11 |CE19B, Pseudonpnas
E2.2, Pseudonpbnas e2-CDC-TB4D2 , Pseudononas EML89,
Pseudonmonas enrichnment, Pseudonobnas extrenorientalis
Pseudomonas FAIR/ BE /F/ GH3 7, Pseudomonas FAIR/'BE/F/ GH39,
Pseudomonas FAIR/ BE /F/ GH94, Pseudononas FLM5- 3,
Pseudonmonas fluorescens, Pseudonmonas fragi, Pseudononas
"FSL, Pseudonpbnas Gl013, Pseudononas gingeri, Pseudononas
HC2- 2, Pseudonobnas HC2-4, Pseudonpbnas HC2-5, Pseudonopnas
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HC4- 8, Pseudonobnas HC6-6, Pseudonbnas Hg4-06, Pseudononas
HLB8- 2, Pseudonbnas HLS12-1, Pseudonobnas HSF20- 13,
Pseudononas HWS8, Pseudononas 11-44, Pseudononas |pA-92,
Pseudonmonas 1V, Pseudonmonas JCM Pseudononas jessenii,
Pseudononas JSPBS, Pseudononas K3R3 .1A, Pseudononas KB40,
Pseudononas KB42, Pseudononas KB44, Pseudonobnas KB63,
Pseudonmonas KB73, Pseudononas KK-21-4, Pseudonbnas KOPRI,
Pseudomonas L1R3.5, Pseudononas LAB-27, Pseudonpbnas LAB-44,
Pseudononas Lcl O 2, Pseudononas |ibanensis, Pseudononas
Ln5C. 7, Pseudononas LS197, Pseudononas | undensis,
Pseudonmonas marginalis, Pseudononas M-Y143, Pseudononas
MFY146, Pseudononas My1404, Pseudononas My1412, Pseudononas
MY1416, Pseudononas My1420, Pseudononas Nl4zhy, Pseudononas
NBRC, Pseudononas NCCP-506, Pseudononas NFU20-14,
Pseudononas NJ- 22, Pseudononas NJ- 24, Pseudononas Nj -3,
Pseudononas N - 55, Pseudononas N - 56, Pseudononas Nj-59,
Pseudononas Nj- 60, Pseudononas N - 62, Pseudonbnas Nj-70,
Pseudononas NP41, Pseudononas OCW, Pseudonobnas OWB-15-3-2,
Pseudonmonas Pl (2010), Pseudonobnas P2(2010), Pseudononas
P3(2010), Pseudononas P4(2010), Pseudononas PD, Pseudononas
PF1B4, Pseudonobnas PF2MLO, Pseudomonas PILHL, Pseudononas
poae, Pseudononas proteobacterium Pseudononas ps4-12,
Pseudonmonas ps4-2, Pseudononas ps4-28, Pseudonbnas ps4-34,
Pseudonmonas ps4-4, Pseudononas psychrophila, Pseudononas
putida, Pseudononas R-35721, Pseudononas R-37257,
Pseudonobnas R-37265, Pseudonmobnas R-37908, Pseudononas
RBEI CD- 48, Pseudononas RBE2CD-42, Pseudononas regd9,
Pseudonobnas RKS7-3, Pseudononas S2, Pseudonbnas seawater,
Pseudononas SGb08, Pseudononas SGb 120, Pseudonobnas SGb396,
Pseudonmonas sgn, Pseudonobnas 'Shk, Pseudononas stutzeri,
Pseudonmonas syringae, Pseudonpbnas taetrolens, Pseudononas
tolaasii, Pseudononas trivialis, Pseudononas TUT1023,
Pseudononas , Pseudononas WJ5Feb26, Pseudonobnas W5Feb4,
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Pseudonmonas WL5Feb6, Pseudononas WD-3, Pseudononas WR4-13,
Pseudononas WR7#2, Pseudononas Y1000, Pseudononas ZS29-8,
Psychrobacter , Psychrobacter unbl 3d, Psychrobacter

Pyram dobacter, Pyram dobacter piscolens, Pyram dobacter
Rahnella, Rahnella aquatilis, Rahnella carotovorum
Rahnella d ST-WP4w 1, Rahnella LR113, Rahnella , Rahnella
Z2-S 1, Ralstonia, Ralstonia bacterium Ralstonia |,
Raoultella, Raoultella B 19, Raoultella enrichnent,
Raoultella planticola, Raoultella sv6xvii, Raoultella
SZ015, Raoultella , Renibacter ium Renibacter ium G0,

Rhi zobi um  Rhi zobi um | egum nosarum  Rhodococcus,

Rhodococcus erythropolis , Rhodopirellula, Rhodopirellula
Rienerella, Rienerella anatipestif er, R kenella, Rikenella
, Robinsoniella, Robinsoniella peoriensis, Robinsoniella ,
Roseburia, Roseburia 11SE37, Roseburia bacterium Roseburia
cecicola, Roseburia DJF VR77, Roseburia faecis, Roseburia
fibrisolvens, Roseburia homnis, Roseburia intestinalis,
Roseburia inulinivorans , Roseburia , Roseibacillus |,

Rosei bacillus , Rothia, Rothia , Rubritalea, Rubritalea |,
Rum nococcus , Rum nococcus 25F6, Rum nococcus al bus,

Rum nococcus bacterium Rum nococcus bromi, Rum nococcus
cal lidus, Rum nococcus chanpanellensis , Rum nococcus
DJF_VR87, Rum nococcus flavef aci ens, Rum nococcus

gauvreaui i, Rum nococcus lactaris, Rum nococcus NK3A76,
Rum nococcus , Rum nococcus YE71, Saccharof ernent ans,
Saccharof ernment ans , Salinicoccus , Salinicoccus

Sal i ni m crobi um Salinimcrobium , Salnonella, Salnonella

aggl onerans, Salnonella bacterium Sal nonella enterica,

Salmonella freundii, Salnonella hermannii, Sal nonella
paratyphi, Salnonella SL0604, Salnonella subterranea,

Sal nmonella , Scardovia, Scardovia oral, Schwartzia,
Schwartzia , Sedinent icola, Sedinent icola , Sedimnibacter |,
Sedi m ni bacter , Sel enononas, Sel enononas fecal
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Sel enononas , Serpens, Serpens , Serratia, Serratia 1135,
Serratia 136-2, Serratia 5.1R Serratia AC-CS-1B, Serratia
AC-CS-B2, Serratia aquatilis, Serratia bacterium Serratia
BS26, Serratia carotovorum Serratia DAP6, Serratia
enrichment, Serratia F2, Serratia ficaria, Serratia
fonticola, Serratia grinesii, Serratia J145, Serratia
JMB83, Serratia liquet aciens, Serratia nmarcescens, Serratia
pl ymut hica, Serratia proteamaculans , Serratia

proteolyt icus, Serratia ptz-16s, Serratia quinivorans,
Serratia SBS, Serratia SS22, Serratia trout, Serratia UA-
G004, Serratia , Serratia Wite, Serratia yellow,

Shewanel I a, Shewanella baltica, Shewanella , Slackia,

Sl ackia intestinal, Slackia isoflavoniconvertens, Sl acki a
NATTS, Slackia , Solibacillus , Solibacillus ,

Sol obacter ium Sol obacterium noorei, Solobacterium ,

Spart obacter ia_genera_incert ae_sedis,
Spartobacteria_genera_incertae_sedi s ,  Sphi ngobi um

Sphi ngobi um , Sphi ngononas , Sphi ngonobnas , Sporacet i genium
Spor acet igenium , Sporobacter, Sporobacter

Sporobacter ium Sporobacterium olearium Staphyl ococcus,

St aphyl ococcus epidermdis, Staphylococcus PCA17,

St aphyl ococcus , Stenotrophononas , Stenotrophonobnas
Streptococcus, Streptococcus 1606-02B, Streptococcus

agal actiae, Streptococcus alactolyt icus, Streptococcus

angi nosus, Streptococcus bacterium Streptococcus bovis,
Streptococcus ChDC, Streptococcus constellatus |,
Streptococcus CR-314S, Streptococcus criceti, Streptococcus
cristatus, Streptococcus downei, Streptococcus

dysgal actiae, Streptococcus enrichment, Streptococcus equi,
Streptococcus equinus, Streptococcus ES11, Streptococcus
eubacterium  Streptococcus fecal, Streptococcus

gal |l i naceus, Streptococcus gallolyt icus, Streptococcus
gastrococcus , Streptococcus genonpsp, Streptococcus
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gordonii, Streptococcus 15  Streptococcus infantarius,
Streptococcus intermedius, Streptococcus Je2, Streptococcus
JS-CD2, Streptococcus LRC, Streptococcus |uteciae,
Streptococcus lutetiensis, Streptococcus M9-11185,
Streptococcus mtis, Streptococcus nutans, Streptococcus
NA, Streptococcus nlaezlc353, Streptococcus nlaezl p68,
Streptococcus nl aezl p758, Streptococcus nlaezl p807,
Streptococcus oral, Streptococcus oralis, Streptococcus
parasanguinis , Streptococcus phocae, Streptococcus
pneunoni ae, Streptococcus porcinus, Streptococcus pyogenes,
Streptococcus S 16-08, Streptococcus salivari us,
Streptococcus sanguinis, Streptococcus sobrinus,
Streptococcus suis, Streptococcus synbiont, Streptococcus
t hermophilus , Streptococcus TW, Streptococcus ,
Streptococcus vestibularis, Streptococcus warneri,
Streptococcus XJ-RY-3, Strept onyces, Streptonyces

mal aysiensis , Streptonyces MWCS6, Streptophyta,
Streptophyta cordifolium Streptophyta ginseng,
Streptophyta hirsutum Streptophyta oleracea, Streptophyta
sativa, Streptophyta sativum Streptophyta sativus,
Streptophyta tabacum Streptophyta

Subdi vi si on3_genera_incert ae_sedis,

Subdi vi si on3_genera_i ncertae_sedi s , Subdol i granul um
Subdol i granul um bacterium  Subdol i granul um icl 393,

Subdol i granul um icl 395, Subdoligranulum , Subdoligranul um
variabile, Succiniclast icum Succiniclast icum |,
Sulfuricella, Sulfuricella , Sulfurospirillum

Sul furospirillum , Sutterella, Sutterella , Sutterella
wadswort hensis , Syntrophococcus , Syntrophococcus
Syntrophononas, Syntrophononas bryantii, Syntrophononas |,
Syntrophus, Syntrophus , Tannerella, Tannerella |,

Tatumel la, Tatumella , Thernofilum  Thernofilum

Ther rogymmononas , Thernogymononas , Thernovirga,
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Thernmovirga , Thiononas, Thiononas M.1-46, Thorsellia,
Thorsellia carsonella, TM_genera_incertae_sedis
TM7_genera_i ncertae_sedi s , Trichococcus, Trichococcus
Tur icibacter , Turicibacter sanguinis, Turicibacter
Vagococcus, Vagococcus bfsll-15, Vagococcus
Vanpi rovi br io, Vanpirovibr io , Varibaculum Varibaculum
Variovorax, Variovorax KS2D-23, Veillonella, Veillonella
dispar, Veillonella MSA12, Veillonella O0K8, Veillonella
oral, Veillonella parvula, Veillonella tobet suensis,
Veillonella , Vibrio, Vibrio 3Ci, Vibrio , Victivallis,
Victivallis , Victivallis vadensis, Vitellibacter |,
Vitellibacter , Wandonia, Wandonia haliotis, Wissella,
Weissella cibaria, Wissella confusa, Wissella oryzae,
Weissella , Yersinia, Yersinia 9gw38, Yersinia Al25,
Yersinia aldovae, Yersinia aleksiciae, Yersinia b702011,
Yersinia bacterium Yersinia bercovieri, Yersinia
enterocolit ica, Yersinia entonophaga, Yersinia
frederiksenii , Yersinia internedia, Yersinia Kkristensenii |,
Yersinia MAC, Yersinia nmassiliensis , Yersinia nollaretii,
Yersinia nurmi, Yersinia pekkanenii, Yersinia pestis,
Yersinia pseudotubercul osis, Yersinia rohdei, Yersinia
ruckeri, Yersinia slO0fe3l, Yersinia sl7fe3l, Yersinia
s4fe3l, Yersinia , Yersinia YEML7B.

[ 00067] Additional nicrobes are listed in Appendix A
and Appendi X B herei nbel ow .3D i mages descri ption:

[ 00068] Figs. 1 and 2 are 3-dinensional illustrations
providing conparative representations of mcrobione
profiles. These mcrobiomes were found in differing soil
sanmples comng from exenplary vineyards in California,
United States, and Spain, in accordance with certain
enbodi ments. Fig. 1 is the profile for bacterias, whereas
Fig. 2 is the profile for yeast species. Each winery is
represented by a greyscale color on the respective |egends
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as shown. The |egends provide the nunber of sanples for
each winery, along with a code assigned to each w nery.

[ 00069] It was found that the sanples comng from the
same winery are have greater sinilarities anong thenselves
as conmpared to other sanples. Additionally the sanples
comng from wi neries from the sanme region have greater
simlarities as conpared to sanples conmng from other w ne
regions. The sanples illustrate clustering, for both
bacterias and yeast species, denonstrating that applying
t he net hodol ogies herein provides a scientific-based
identity to the terroir concept in wi nemaking and provides
validation to certain assunptions concerning the existence
of bio-wine regions upon observation of mcrobionme profiles
of soil.

[ 00070] Figs. 3 and 4 are bar charts providing visual
conparative representations of the microbiome profiles
found in different soil sanples. Fig. 3 is a bar chart
profile for bacterias, whereas Fig. 4 is a bar chart
profile for yeast species. For each of these charts, the x-
axis provides sanple identification codes, nanely codes
assigned to the different soil sanples from vineyards. In
the study, there were 83 sanples in the bacteria chart of
Fig. 3 and 41 sanples in yeast chart of Fig. 4. The y-axis
provides the respective abundancies of the m crobial
species for each given vineyard sanple, with each greyscale
color representing a different mcrobiological specie.

[ 00071] Accordingly, illustrated in Figs. 3 and 4 are
vi sual conparative representations of respective m crobione
profiles found in the differing soil sanples, wth one bar
profile per sanple, derived from the exenplary vineyards.
The vertical distribution of these species, shown in
greyscale, is the same along the sanples to allow the
visual comparison of simlarities anmong the m crobione
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profiles of the sanple.

[ 00072] This representation, for both bacterias and
yeast species, denonstrates that we are able to generate
and conpare microbione profiles of sanples applying the
nmet hodol ogy described herein and serves to validate the
assunptions of the existence of large mcrobial diversity
for both yeast and bacteria in the vineyard sanples.

[ 00073] The nethods provided herein can provide
strain classification of a genera, species or sub-strain
|l evel of one or nore microbes in a sanple with an accuracy
of greater than 1% 20% 30% 40% 50% 55% 60% 65% 70%
75% 80% 85% 90% 95% 96% 97% 98% 99% 99.2% 99.5%
99.7% or 99.9% The nethods provided herein can provide
strain quantification of a genera, species or sub-strain
|l evel of one or nore microbes in a sanple with an accuracy
of greater than 1% 20% 30% 40% 50% 55% 60% 65% 70%
75% 80% 85% 90% 95% 96% 97% 98% 99% 99.2% 99.5%
99.7% or 99.9%

[ 00074] In general, the present inventions further
relates to systems and nethods for determining and
characterizing the mcrobionmes of fernentation settings,
and in particular deternining through relationship-based
processing, which include custom and unique analytics tools
and algorithnms, data nmanagenent, cleansing, filtering, and
quality control, which in turn provide information about
the fermentation setting. Such characterized information,
for exanple, can have, and be used for, predictive,

historical, analytic, developnment, control and nonitoring
pur poses
[ 00075] This information, data, processing algorithmns

support software, such as hunan machine interface (HM)
programs and graphic prograns, and databases, nmay be cloud-
based, |I|ocally-based, hosted on renote systens other than
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cl oud- based systens, and conbinations and variations of
t hese .

[ 00076] The current disclosure provides conputer
systens for inplementing any of the methods described
herein. A conputer system may be used to inplenent one or
nore steps including, sanple collection, sanple processing,
detecting, quantifying one or nore mcrobes, generating a
profile data, conparing said data to a reference,
generating a subject-specific mcrobionme profile, conparing
the sanple-specific profile to a reference profile,
receiving sanple-related data, receiving and storing data
obtained by one or nore nethods described herein, analyzing
said data, generating a report, and reporting results to a
receiver

[ 00077] Thus, real-tine, derived, and predicted data
may be collected and stored and thus beconme historic data
for an ongoing process, setting, or application. |In this
manner, the collection, wuse, and conputational |inks can
create a real-time situation in which machine |earning can
be applied to further enhance and refine the fernmentation
activities or processes. Further, real-tinme, derived,
predictive, and historic data can be, and preferably s,
associated with other data and information. Thus, the
m crobiome information can be associated with GPS data;
| ocation data, e.g., particular conmponents and subsystens
in an fernmentation process such as for exanple a particular
barrel type for wi ne storage; processing stage or step such
as filtration of fermentation broth; geological paraneters
including formation perneability and porosity; soil
noi sture, nutrient, and rainfall conditions in agricultural
processes; chemicals in wine, for exanple, sulfur acid.

[ 00078] Thus, real-tinme, derived, historic, and
predictive mcrobiome information may be further conbined
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or processed with these other sources of information and
data regarding the fernmentation setting or process to
provi de conbined, derived, and predictive information. In
this manner, the mcrobiome information is used in
conbination with other data and information to provide for
uni que and novel ways to conduct fermentation operations,
to develop or plan fernentation operations, to refine and
enhance existing fernmentation operations and conbinations
of these and other activities.

[ 00079] Preferably, these various types of
information and data are conbined where one or nore nay
become metadata for the other. |In this manner, information
may be linked in a manner that provides for rapid,
efficient, and accurate processing to provide useful
information relating to the fernentation setting. Thus for
example, in agricultural setting the soil noisture content,
the GPS location down to the square yard of a large farm
may be linked as netadata to the real-time m crobione
information during planting and conpared with simlarly
linked nmetadata obtained during harvesting along with crop
yield for that acre to refine and enhance the agricultural
processing of the field in which the acre is |ocated.

[ 00080] In general, historic mcrobionme data may be
obt ai ned from known databases or it may be obtained from
conducting population studies or censuses of the mcrobione
for the particular fernmentation setting. Thus sanples of
biological nmaterials are collected and characterized. This
characterized information is then processed and stored.
Preferably, the data is processed and stored in a manner
that provides for ready and efficient access and
utilization in subsequent steps, often using auxiliary data
structures such as indexes or hashes.

[ 00081] In general, real-time mcrobionme data may be
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obt ai ned from conducting population studies or censuses of
the mcrobiome as it exists at a particular point in ting,
or over a tinmeseries, for the particular fernmentation
setting. Thus sanples of biological materials are collected
and characterized. This characterized information is then
processed and stored. Preferably, the data is processed and
utilized in subsequent steps or may be stored as historic
data in a manner that provides for ready and efficient
access and utilization in subsequent steps.

[ 00082] Generally, microbiome information may be
contained in any type of data file that is utilized by
current sequencing systems or that is a universal data
format such as for exanmple FASTQ (including quality
scores), FASTA (omtting quality scores), GFF (for feature
tables), etc. This data or files may then be conbined using
various software and conputational techniques wth
identifiers or other data, exanples of such software and
identifiers for the conmbining of the various types of this
information include the BIOM file format and the M (x)S
famly of standards devel oped by the CGenomic Standards
Consortium Additionally by way of exanple, in agricultural
settings, data from a harvesting conbine regarding vyield,

m crobiome information, and comodities price information
may be displayed or stored or used for further processing.
The conbination and conmunication of these various systens
can be inplemented by various data processing techniques,
conversions of files, conpression techniques, data transfer
techni ques, and other techniques for the efficient,
accurate, conbination, signal processing and overlay of

| arge data streanms and packets.

[ 00083] In general, real-time, historic, and
conbi nations and variations of this mcrobione information
is analyzed to provide a census or population distribution
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of various mcrobes. Unlike conventional identification of
a particular species that is present, the analysis of the
present invention determ nes in an n-dinmensional space (a
mat hemati cal construct having 2, 3, 5, 12, 1000, or nore
di nensions), the interrelationship of the various mcrobes
present in the system and potentially also
interrelationship of their genes, transcripts, proteins
and/ or netabolites. The enbodinents of the present
invention provide further analysis to this n-dinensional
space information, which analysis renders this information
to a format which is nore readily usable and processabl e
and understandable. Thus, for exanple, by using the

techni ques of the present invention, the n-dinensional
space information is analyzed and studied for patterns of
significance pertinent to a particular fermentation setting
and then converted to nore readily usable data such as for
exanpl e a 2-dinensional color-coded plot for presentation
through a HM (Human- Machine |Interface)

[ 00084] Additionally, the n-dinensional space
information may be related, e.g., transformed or correlated
with, physical, environnental, or other data such as the
conditions under which a particular plant was grown, either
by projection into the sane spatial coordinates or by
relation of the coordinate systens thenselves, or by
feature extraction or other nmachine |earning or
nmul tivariate statistical techniques. This related n-

di mensi onal space information may then be further processed
into a nore readily usable format such as a 2-dinmensional
representation. Further, this 2-dinmensional representation
and processing may, for exanple, be based upon particul ar
factors or features that are of significance in a
particular fermentation setting. The 2-dinensional
information may also be further viewed and analyzed for
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determining particular factors or features of significance
for a system Yet further, either of these types of 2-

di rensional information nay be still further processed
using for exanple mathematical transformation functions to
return them to an n-dinmensional space which mathenmati cal
functions which may be based upon known or conmputationally
determ ned factors or features.

[ 00085] Thus the present inventions provide for
derived and predicted information that can be based upon
the conputational distillation of conplex n-dinensional
space microbionme information, which may be further conbined
with other data. This conputationally distilled data or
information may then be displayed and used for operational
purposes in the fernentation setting, it may be conbi ned
with additional data and displayed and used for operational
purposes in the fernentation setting, it nay be alone or in
conbination wth additional information subjected to trend,
analysis, to determne features or factors of significance,
it my be used for planning and operational purposes in
conbi nations and variations of these and other
utilizations

[ 00086] Generally and for exanple, in ascertaining
m crobiome information the selection and sequencing of
particular regions or portions of genetic materials may be
used, including for exanple, the SSU rRNA gene (16S or
18S), the LSU rRNA gene (23S or 28S), the ITS in the rRNA
operon, c¢pn60, gene nmarker regions such as netal-dependent
proteases w th possible chaperone activity, and various
ot her segments consisting of base pairs, peptides or
pol ysaccharides for use in characterizing the mcrobial
community and the relationships anmong its constituents.

[ 00087] In general, an enbodinment of a method of the
present invention may include one or nore of the follow ng
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steps which may be conducted in various orders: sanple
preparation including obtaining the sanple at the
designated |ocation, and manipulating the sanple;
extraction of the genetic material and other bionolecules
from the microbial communities in the sanple; preparation
of libraries with identifiers such as an appropriate
barcode such as DNA libraries, netabolite libraries, and
protein libraries of the material; sequence elucidation of
the material (including, for exanple, DNA RNA and
protein) of the mcrobial comunities in the sanple;
processing and analysis of the sequencing and potentially
other nolecular data; and exploitation of the information
for fermentation uses.

[ 00088] For exanple sanpling nay be for exanple from
an agricultural, food, surfaces, water. The sanples can
include for exanple solid sanples such as soil, sedinent,
rock, and food. The sanples can include for example liquid

sanpl es such as surface water, and subsurface water, other
liquid to be fernented or in a certain stage of
fermentation, such as must, barrel fernmented w ne, yogurt,
to nane a few The sanple once obtained has the genetic
material isolated or obtained from the sanple, which for
exanple can be DNA, RNA, proteins and fragnents of these.
[ 00089] The accuracy of these analyses depends
strongly on the choice of prinmers. Primers can be prepared
by a variety of nmethods including, but not limted to,
cloning of appropriate sequences and direct chem cal
synthesis using nethods well known in the art (Narang et
al., Methods Enzynol. 68:90 (1979); Brown et al ., Methods
Enzynol. 68:109 (1979) ). Priners can also be obtained from
commercial sources such as Integrated DNA Technol ogi es,
Operon Technol ogi es, Amersham Pharmacia Biotech, Sigm, and
Life Technologies. In addition, conputer prograns can also
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be used to design prinmers, including but not limted to
Array Designer Software (Arrayit Inc. ), digonucleotide
Probe Sequence Design Software for Genetic Analysis
(Aympus Optical Co. ), NetPrinmer, and DNAsis from Hitachi
Software Engineering. Prinmers that can be used analyze the
16S ribosomal RNA gene include but are not limted to those
described in the Exanples below

[ 00090] M crobial diversity can be further described
by approaches analyzing the intergenic region between 16S
ri bosomal RNA and 23S ribosomal RNA. Prinmers can be
designed to specifically anplify any identified variable
regions in a mcrobe or simlar distinguishing genetic
el ement

[ 00091] Primers or probes described herein can also
i ncl ude polynucleotides having at |east 50% 51% 52%, 53%.
54%, 55%, 56%, 57%, 58% 59% 60% 61% 62% 63% 64%, 65%
66% 67% 68% 69% 70% 71% 72% 73% 74% 75% 76%, 77%
78% 79% 80% 81% 82% 83% 84% 85% 86% 87% 88%, 89%
90% 91% 92% 93% 94% 95% 96% 97% 98% 99% or 100%
honol ogy to any of the nucleic acid sequences described
herein .

[ 00092] A library is prepared from the genetic
material. In this stage of the process the library can be
prepared by use of anplification, shotgun, whole nolecule
techni ques anong others. Additionally, anplification to add
adapters for sequencing, and barcoding for sequences can be
preformed. Shotgun by sonication, enzymatic cleavage may be
performed. Wwole nolecules can also be used to sequence all
DNA in a sanple.

[ 00093] Sequencing is performed. Preferably, the
sequencing is with a high-throughput system such as for
exanple 454, Illumna, PacBio, or lonTorrent, Nanopore, to
name a few
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[ 00094] Sequence analysis is prepared. This analysis

preferably can be performed using tools such as QIM:

Anal ysis Pipeline, Machine |earning, and UniFrac.

Preferably, there is assigned a sequence to the sanple via
barcode, for anbng other things quality control of sequence
dat a .

[ 00095] The analysis is utilized in a fernmentation
application. The applications can include for exanple,
cheese production, alcoholic and non-alcoholic beverage
production, biofuel production, and alternative energy.

[ 00096] Thus as explained in greater detail below,
generally, the processing and analysis further involves
mat chi ng the sequences to the sanples, aligning the
sequences to each other, and using the aligned sequences to
build a phylogenetic tree, further distilling the data to
form an n-dinmensional plot and then a two or three
di nensi onal plot or other graphical displays, including
di splays of the results of nachine |earning and
nmul tivariate statistical routines, and using the two or
t hree-di nensional plot or other graphical displays to
visualize patterns of the microbial comunities in a
particular sanple over tinme and geographic space.

[ 00097] Al though HM -type presentation of this
information is presently preferred, it should be understood
that such plots may be communicated directly to a
conmput ational rmeans such as a large conputer or conputing
cluster for performng further analysis to provide
predictive information. Thus, the matched sequence sanples
woul d be an exanple of real-time or historic mcrobione
information, the phylogenetic tree would be an exanple of
derived mcrobione information, and portions of the
graphi cal displays which have derived mcrobial information
conbined with other data would be an exanple of predictive
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m crobi omre information.

[ 00098] Cenerally, a phylum is a group of organisns
at the formal taxonomc |evel of Phylum based on sequence
identity, physiology, and other such characteristics. There
are approximately fifty bacterial phyla, which include
Act i nobacteria, Proteobacteria, and Firmcutes. Phylum is
the classification that is a |level below Kingdom in terns
of classifications of organisns. For exanple, for E. coli
the taxonony string is Kingdom Bacteria; Phylum
Prot eobacteria; C ass: Gamraproteobacteri a; Order:

Ent erobacter iales; Famly: Enterobacteriaceae ; Genus:
Escherichia; and Species: coli.

[ 00099] Cenerally, phylogeny refers to the
evolutionary relationship between a set of organisns. This
relationship can be based on norphol ogy, biochem cal
features, and/or nucleic acid (DNA or RNA) sequence. One
can neasure the changes in gene sequences and use that as a
nmol ecular clock to determne how closely or distantly the
sequences, and hence the organisns that contain them are
rel ated .

[ 000100] Cenerally, phylotype (also referred to as
operational taxonomc wunit ("OTU')) is analogous to
"species", although phylotypes can also be defined at other
taxonomc levels and these other levels are sonetines
critical for identifying mcrobial comunity features
relevant to a specific analysis. Because short DNA RNA or
protein sequences ("reads") can be used, these sequences
may not accurately identify many organisnms to the |evel of
species, or even strain (the nost detailed |evel of
phyl ogenetic resolution, which is sonmetines inportant
because different strains can have different nolecul ar
functions) . In cases where a "phylotype" matches a sequence
or group of sequences from a known organism in the

55



WO 2017/096385 PCT/US2016/064984

dat abases, it can used to say that a particular sequence is
from an organism like, for exanple, E. coli.

[ 000101] Cenerally, a taxon is a group of organisnms at
any level of taxonomic classification. Here, taxon (plural:
taxa) is a catchall term used in order to obviate the usage
of the organism nanes repeatedly and to provide generality
across taxonom c |evels.

[ 000102] M crobial community diversity and conposition
may vary considerably across fernentation environnents and
settings, and the enbodinments of the present invention I|ink
these changes to biotic or abiotic factors and other
factors and conditions in the fernmentation environnent to
create derived and predictive information. Thus these
patterns of mcrobial communities for exanple geol ogical
patterns of mcrobial communities or patterns of mcrobial
conmunities in an fernmentation system (m crobiosystem
netrics) which are determined by the present invention can
give rise to predictive information for use in the
fermentation setting.

[ 000103] Exam nations of mcrobial populations, e.g.,
a census, may provide insights into the physiol ogies,
environnental tolerances, and ecological strategies of
m crobial taxa, particularly those taxa which are difficult
to culture and that often dominate in natural environnents.
Thus, this type of derived data is utilized in conbination
with other data in order to form predictive information.

[ 000104] M crobes are diverse, ubiquitous, and
abundant, yet their population patterns and the factors
driving these patterns were prior to the present inventions
not readily understood in fernentation settings and thus it
is believed never effectively used for the purposes for
ascertaining predictive information. M croorganisnms, just
i ke macroorganisns (i.e., plants and animals), exhibit no
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single shared population pattern. The specific population
patterns shown by mcroorganisns are variable and depend on
a nunmber of factors, including, the degree of phylogenetic
resolution at which the conmmunities are exam ned (e.g.,
Escherichia) , the taxonomc group in question, the specific
genes and netabolic capabilities that characterize the
taxon, and the taxon's interactions wth nenbers of other
taxa. Thus, such population patterns can be determned in
fermentation settings and utilized as derived data for the
pur poses of ascertaining predictive information.

[ 000105] However, for certain environnents, comon
patterns may energe if the biogeography (e.g., microbial
popul ations for exanple as determned from a census), of
that particular environment is specifically examned. 1In
particular, the structure and diversity of soil bacterial
comunities have been found to be closely related to soil
environmental characteristics such as soil pH. A
conprehensi ve assessnent of the biogeographical patterns
of, for exanple, soil bacterial communities requires 1)
surveying individual comunities at a reasonable |evel of
phyl ogenetic detail (depth), and 2) examining a
sufficiently large nunmber of sanples to assess spatial
patterns (breadth) . The studies of biogeographical patterns

is not limted to soil, and will be extended to other
environments, including but not limted to, any part of a
living organisnms, bodies of water, ice, the atnosphere,
energy sources, factories, |aboratories, farnms, processing

plants, hospitals, and other |ocations, systens and areas.
Sanple collection

[ 000106] Cenerally, sanples will be collected in a
manner ensuring that mcrobes from the target source are
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the nobst numerous in the sanples while mnimzing the
contam nation of the sanple by the storage container,
sanpl e collection device, the sanple collector, other
target or other non-target sources that nmay introduce

m crobes into the sanple from the target source. Further,
sanmples will be collected in a nmanner to ensure the target
source is accurately represented by single or nultiple
sanpl es at an appropriate depth (if applicable) to neet the
needs of the mcrobiome analysis, or with known reference
controls for possible sources of contam nation that can be
subtracted by conputational analysis. Precautions should be
taken to mnimze sanple degradation during shipping by
using commercially available liquids, dry ice or other
freezing nethods for the duration of transit.

[ 000107] For exanple, sanples can be collected in
sterile, DNA/DNase/ RNA/RNase-f ree primary containers wth
leak resistant caps or lids and placed in a second |eak
resistant vessel to limt any |eakage during transport.
Appropriate primary containers can include any plastic
container with a tight fitting lid or cap that is suitable
for work in mcrobiology or nolecular biology considered to
be sterile and free of microbial DNA (or have as little as
possible) at mninum (However, it should be noted that
human DNA contam nation, depending upon the markers or
specific type mcrobe that is being |ooked at may not
present a problem) The primary container can also be
conprised of netal, clay, earthenware, fabric, wood, etc.
So long as the container may be sterilized and tested to
ensure that it is ideally DNA/ DNase/ RNA/ RNase-f ree (or at
| east contains levels of nucleic acid much |ower than the
bi omass to be studied, and |ow enough concentration of
nucl ease that the nucleic acids collected are not degraded)
and can be closed with a tight-fitting and |eak resistant
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lid, cap or top, then it can be used as a primary
cont ai ner

[ 000108] The primary container with the sanple can
then be placed into a secondary container, if appropriate.
Appropriate secondary containers can include plastic screw
top vessels with tight fitting lids or caps and plastic
bags such as freezer-grade zip-top type bags. The secondary
container can also be conprised of netal, clay,
earthenware, fabric, wood, etc. So long as the container
can be dosed or sealed with a tight-fitting and |eak
resistant Ilid, cap or top, then it can be used as a
secondary container. The secondary container can also form
a seal on itself or it can be fastened shut for |eak
resi stance .

[ 000109] The samples should generally be collected
with minimal contact between the target sanple and the
sanple collector to mnimze contam nation. The sanple
collector, if human, should generally collect the target
sanple using gloves or other barrier nmethods to reduce
contam nation of the sanples with mcrobes from the skin.
The sample can also be collected with instrunents that have
been cleaned. The sanple collector, if machine, should be
cleaned and sterilized with UV light and/or by chem cal
means prior to each sanple collection. |f the nachine
sanple collector requires any maintenance from a human or
anot her machi ne, the nmachine sanple collector nust be
additionally subjected to cleaning prior to collecting any
sanpl es .

[ 000110] After the sanple is collected and placed in a
primary and secondary container, the sanples wll be
preserved. One nethod of preservation is by freezing on dry
ice or liquid nitrogen to between 4°C. to -80°C. Another
met hod of preservation is the addition of preservatives
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such as RNAstable™ LifeGuard™ or another conmercial
preservative, and following the respective instructions. So
long as the preservation method will allow for the

m crobial nucleic acid to remain stable upon storage and
upon |l ater usage, then the nethod can be used.

[000111] The sanples will be shipped in an expedient
nethod to the testing facility. In another enbodinent, the
testing of the sanple can be done on location. The sanple
testing should be performed within a time period before
there is substantial degradation of the mcrobial naterial
with in the sanple. So long as the sanple remains preserved
and there is no substantial degradation of the mcrobial
material, any nethod of transport in a reasonable period of
time is sufficient.

[000112] Tracers will be added to the inflow of a
sanmpling catchnent to identify the organisnms present in the
system that are not from the target source. The tracer can
be m croorganisnms or anything that will allow for analysis
of the flow path. For exanple, in an oil setting, a tracer
can be used to calibrate the effectiveness of a flooding
operation (water, €02, chemical, steam &etc.) . The tracer
will be used to determine factors such as the anount of
injection fluid flow ng through each zone at the production
wel | bore and the path of the injection fluid flow from the
injection site to the production bore.

DNA/ RNA Extraction

[000113] The extraction of genetic material wll be
perfornmed using nethods with the ability to separate
nucleic acids from other, unwanted cellular and sanple
matter in a way to make the genetic material suitable for
library construction. For exanmple, this can be done wth
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nmet hods including one or nore of the follow ng, but not
limted to, mechanical disruption such as bead beating,
soni cating, freezing and thawi ng cycles; chem cal
di sruption by detergents, acids, bases, and enzynes; other
organic or inorganic chemicals. |Isolation of the genetic
material can be done through nethods including one or nore
of the following, but not Iimted to, binding and elution
from silica matrices, washing and precipitation by organic
or inorganic chemcals, electroelut ion or electrophoresis
or other nethods capable of isolating genetic naterial.

[ 000114] Extractions wll be done in an environment
suitable to exclude mcrobes residing in the air or on
other surfaces in the work area where the extraction is

taking place. Care will be taken to ensure that all work
surfaces and instrunments are cleaned to renpbve unwanted
m crobes, nucleases and genetic material. Ceaning work
surfaces and instruments can include, but is not limted

to, spraying and/or w ping surfaces with a chlorine bleach
solution, comercially available liquids such as DNAse
AVAY™ or RNase AWAY™ or simlar substances that are
acceptable in routine decontam nation of nolecular biology
work areas. Furthernore, aerosol barrier pipette tips used
in manual, sem -automated or automated extraction process
will be used to limt transfer of genetic material between
instrunents and sanpl es.

[ 000115] Controls for reagents for extractions and/or

primary containers (when appropriate) wll be tested to
ensure they are free of genetic material. Testing of the
reagents includes, but is not limted to performng

extraction "blanks" where only the reagents are used in the
extraction procedure. Wen necessary primary collection
containers may also be tested for the presence of genetic
material serving as one type of "negative control = in PCR
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of the genetic material of the sanple. |In either case,
testing the blank or negative control may be acconplished,
but not limted to, spectrophotonetry, fluoronetric,

el ectrophoret ic, PCR or other assays capable of detecting

genetic material, followed by testing the blank for the
presence of genetic material by, but not limted to,
spectrophotonetri c, fluorometric, electrophoret ic, PCR or

other assays capable of detecting genetic naterial.
Li brary preparation

[ 000116] The nethods described in nore detail below
allow identification of bacteria and fungi present in the
fernentati on sanple. Different biomarkers are used for
each kingdom 16S for bacteria, |ITS for fungi. In one
i mprovenment of building a library is the use of an
addi tional single-copy marker gene allowing a nore precise
definition of bacterial strains in the sanple.

[ 000117] Genetic material from the sanples wll be
subjected to polynerase chain reaction (PCR) to anplify the
gene of interest and encode each copy w th barcode unique
to the sanple. Generally, PCR anplifies a single or a few
copies of a piece of DNA across several orders of
magni tude, generating thousands to millions, or nore, of
copies of a particular DNA sequence using a thernostable
DNA polynmerase. PCR will be used to anplify a portion of
specific gene from the genone of the microbes present in
the sample. Any nethod which can anplify genetic material
qui ckly and accurately can be used for library preparation.

[000118] The PCR primer wll be designed carefully to
neet the goals of the sequencing nethod. The PCR priner
will contain a length of nucleotides specific to the target
gene, mmy contain an adapter that wll allow the anplicon,
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al so known as the PCR product, to bind and be sequenced on
a hi gh-throughput sequencing platform and additional
nucleotides to facilitate sequencing. The portion of the
gene with adapters, barcode and necessary additional

nucl eotides is known as the "anplicon."™ It being understood
that future systens may not use, or need, adaptors. In one
enbodi nent, forward and reverse priners as shown in the
exanpl es are used.

[000119] The microbial ribosonme is nmade up conponent
proteins and non-coding RNA nolecules, one of which is
referred to as the 16S ribosomal RNA (or 16S rRNA) . The 16S
subunit is a conponent of the small subunit (SSU of
bacterial and archaeal ribosonmes. It is 1.542 kb (or 1542
nucl eotides) in length. The gene encoding the 16S subunit
is referred to as the 16S rRNA gene. The 16S rRNA gene is
used for reconstructing phylogenies because it is highly
conserved between different species of bacteria and
archaea, neaning that all of these organisns encode it in
their genones and it can be easily identified in genonic
sequences, but it additionally <contains regions that are
highly variable, so there is a phylogenetic signature in
the sequence of the gene. As a result of these sane
properties, batch sequencing of all of the 16S rRNA gene
sequence in a sanple containing many microbial taxa are
informative about which microbial taxa are present. These
studies are nade possible by the remarkable observation
that a small fragnent of the 16S rRNA gene is sufficient as
a proxy for the full-length sequence for many community
anal yses, including those based on a phylogenetic tree.
However, such trees should, at npbst, be used as a guide to
community conparisons and not for inferring true
phyl ogenetic relationships anbng reads. Advances in
sequenci ng technol ogy, such as the availability of 400-base
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reads with the Titanium™ kit from Roche; the I|llum na™
platforms which can produce 450 Go per day, and in the
course of a 10.8 day run produces 1.6 billion 100-base

pai red-end reads (H Seq2000) or for single-day experinents
can generate 1.5 CGb per day from 5 mllion 150-base paired-
end reads (M Seq™ , or in the future, the availability of

i nstrunments providing 1500-base single-nolecule reads, as
reported by Pacific Biosciences™ wll also inprove the
accuracy/ productivity of existing nethods for building

phyl ogenetic trees and classifying functions of netagenonc
reads .

[ 000120] Al t hough netagenom cs and other alternative
techniques provide insight into all of the genes (and
potentially gene functions) present in a given conmunity,
16S rRNA-based studies are extrenely valuable given that
they can be used to discover and record unexplored
bi odi versity and the ecological characteristics of either
whol e comunities or individual mcrobial taxa. 16S rRNA
phyl ogenies tend to correspond well to trends in overall
gene content. Therefore the ability to relate trends at the
species level to host or environmental paraneters has
proven imrensely powerful to understanding the
rel ati onships between the mcrobes and the world.

[ 000121] Al ternative m crobione neasurenent techniques
provide inportant information that is conplementary to 16S
rRNA or other marker-gene data: shotgun netagenom cs
provi des genone content for the entire m crobioneg;
transcript om cs neasures gene expression by mcrobes,
indicating which genes are actually being used by the
m crobes; proteom cs nmeasures actual production of enzynes
and other functional proteins in the m crobioneg;
nmet abol om cs directly measures netabolite content in a
sanpl e .
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[ 000122] CGenerally, analysis of ribosomal genes (SSy,
LSU, ITS) wll be used for the determ nation and
characterization of mcrobes in industrial settings where
the only requirenment for choosing the particular gene for
anplification is that the gene is at |east sonewhat
conserved between different species of mcrobes. For
i nstance, the anplification, sequencing and analysis of the
smal |l subunit ("SSU') of the ribosomal gene (16S rRNA gene)
would be used for bacteria and archaea while analysis of
the microeukaryt otes such as nematodes, ciliates and anoeba
woul d analyze the small subunit ribosomal gene (18S rRNA
gene) common in these organisns. Further LSU, [|ITS and
nm t ochondri al mar ker such as Cytb or coxl, generally may
also be used and could provide enhanced performance. W
have found that wusing 16S rRNA in conbination wth other
singl e-copy marker genese provided prokaryotic species
boundaries at higher resolution than 16S rRNA al one.

Fungal populations may also be characterized by the
intragenic transcribed spacer gene ("ITS gene") in addition
to 18S rRNA gene or other single gene markers. Furthernore,
the large subunit ribosomal gene ("LSU') could be analyzed
alone or in conbination wth portions of the SSU in a
single anplicon. The genetic material for any analysis
could be derived from DNA or cDNA (i.e., conplenentary DNA)
produced from the reverse transcription of RNA isolated
from the target sanple or sanples.

[000123] Compl ete rmarker genes generally cannot,
because of their length, be sequenced using high-throughput
nmet hods. However, the use of PacBio, Nanopores, or Ml eculo
can provide the ability to obtain such a conplete sequence.
Therefore, a shorter region of the narker gene sequence
must be selected to act as proxy. Currently, there is no
consensus on a single best region, and consequently
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different groups are sequencing different or multiple
regions. This diversity of methods hinders direct

conmpari sons anong studies. Standardization on a single
region would be helpful on this front. Of the nine variable
regions in the 16S rRNA gene, several of the nore popul ar
regions include the regions surrounding V2, V4, and V6.
Generally, a conbination of variable and noderately
conserved regions appears to be optimal for performng

anal yses at different phylogenetic depths. Both the choice
of region and the design of the priners are crucial, and
poor design of prinmers can lead to radically different
experimental conclusions. Additionally, primer bias due to
differential annealing leads to the over- or
underrepresentat ion of specific taxa can lead to sone
groups being missed entirely if they match the consensus
sequence poorly. Issues of priner bias can be inportant.
Conpari sons of relative abundance anong different studies
should thus be treated with caution. However, neta-analysis
of presence/absence data from different studies is
particularly wuseful for revealing broad trends, even when
different studies use different primers.

[ 000124] As nore sequence data and better taxonom c
assi gnnments becone available, inproved primer sets, wth
better coverage (including primers for archaea and
eukaryotes), wll likely provide a substantial advantage
over present degenerate priner techniques. Specifically,
16S rRNA and 18s rRNA reads from netagenom c studies
provide a source of sequences that is not subject to PCR
primer bias (although other biases are present) and
therefore covers taxa that are missed by existing but
popul ar priner sets, although in practice exploiting this
informati on has been quite challenging. Another prom sing
approach is the use of mniprimers, which, together with an
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engi neered DNA polynerase, may allow greater coverage of
desired groups.

[ 000125] Furthernore, inprovenents in the ability to
produce high quantities of primers (e.g. mllions of
individual priners) wll enable anplification of high
guantities of regions (e.g. mllions of individual
regions), which may be distinct to each microbe or targeted
at multiple sites obtained from existing databases or from
shot gun sequencing. Such an application could be used to
i mprove discrimnation and/or prediction for a particular
environnent and target paraneter

[ 000126] The priners designed for anplification wll
be well-suited for the phylogenetic analysis of sequencing
reads. Thus, the priner design will be based on the system
of sequencing, e.g., chain termnation (Sanger) sequencing
or high-throughput sequencing. Wthin the system there are
also many options on the method. For example, for high-

t hroughput sequencing, the sequencing can be performed by,

but is not |limted to, 454 Life Sciences™ Genone Sequencer
FLX (Roche) machine or the Illumna™ platforns (M Seq™ or
Hi Seq™ , lonTorrent, Nanopores or PacBio. These will be

described nore in the Sequencing section below
Bar codi ng

[000127] H gh-t hroughput sequencing, described below,
has revol utionized nmany sequencing efforts, including
studies of mcrobial comunity diversity. High-throughput
sequencing i s advantageous because it elimnates the |abor-
intensive step of producing clone libraries and generates
hundreds of thousands of sequences in a single run.

However, two primary factors |imt culture-independent
mar ker gene-based analysis of mcrobial community diversity
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t hr ough hi gh-t hr oughput sequencing: 1) each individual run
is high in cost, and 2) separating a single plate across
multiple runs is difficult.

[ 000128] A solution to these linmtations is barcoding.
Doubl e index barcoding protocol is used in the exanples
bel ow. For barcoding, a unique tag will be added to each

primer before PCR anplification. Because each sample will
be amplified with a known tagged (barcoded) priner, an
equi molar mixture of PCRanplif ied DNA can be sequenced
from each sanple and sequences can be assigned to sanples
based on these unique barcodes. The presence of these
assigned barcodes allow for independent sanples to be
conmbi ned for sequencing, wth subsequent bioinf ormatic
separation of the sequencer output. By not relying on
physi cal separators, this procedure maximzes sequence
space and nultiplexing capabilities. This technique wll be
used to process nany sanples (eg 25, 200, 1000, and above)
as many as 25 sanmples in a single high-throughput

sequencing run. This nunber w Il be increased depending on
advances in high-throughput sequenci ng technol ogy, Wi thout
limit to the nunmber of sanples to be sequenced in a single
hi gh-t hr oughput sequenci ng run.

[ 000129] Barcodes, or unique DNA sequence identifiers,
have traditionally been used in different experinental
contexts, such as sequence-tagged nutagenesis (STM screens
where a sequence barcode acts as an identifier or type
specifier in a heterogeneous cell-pool or organi smpool.
However, STM barcodes are usually 20-60 bases (or nt) 1ong,
are pre-selected or follow anbiguity codes, and exist as
one unit or split into pairs. Such long barcodes are not
particularly conpatible wth available high-throughput
sequencing platforns because of restrictions on read
l ength .
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[ 000130] Al t hough very short (2- or 4-nt) barcodes can
be used with high-throughput sequencing platforns, a nore
definitive assignment of sanples and/or for enhanced
mul tiplexing capabilities can be acconplished by
| engt hening the barcodes or variations in the fixed forward
and reverse linkers used to generate the initial cDNA
libraries. Shorter barcodes also have a steeper trade-off
bet ween nunber of possible barcodes and the mnimum nunber
of nucleotide variations between individual barcodes.

[000131] Exi sting barcoding nethods have linmts both
in the nunber of unique barcodes used and in their ability
t o detect sequencing errors that change sanple assignnents
(this robustness is especially inportant for sanple
assi gnnent because the 5' end of the read (sequence for one
strand of nucleic acid in a sanple) is sonmewhat nore error-
prone) . Barcodes based on error-correcting codes, which are
widely used in devices in other technologies Iike
tel ecormuni cations and electronics, wll be applied for
hi gh-t hroughput sequenci ng barcodi ng purposes. A class of
error-correcting codes called Hanm ng codes, which use a

m ni nrum anmount of redundancy and will be sinple to
i mpl ement using standard |inear algebra techniques. Hamm ng
codes, like all error-correcting codes, enploy the

principle of redundancy and add redundant parity bits to
transmt data over a noisy medium Sanple identifiers wll
be encoded with redundant parity bits. Then the sanple
identifiers will be "transmtted" as codewords. Each base
(AL T, G, Cc) will be encoded using 2 bits and using 8 bases
for each codeword. Therefore, 16-bit codewords wll be
transmtted. The codeword and bases is not limted to these
nunbers, as any nunber of bits and codewords can be
designed by a person of ordinary skill in the art. The
design of the barcode is based on the goals of the nethod.
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Hamming codes are unique in that they use only a subset of
the possible codewords, particularly those that lie at the
center of multidinensional spheres (hyperspheres) in a

bi nary subspace . Single bit errors fall wthin hyperspheres
associated with each codeword, and thus they can be
corrected. Double bit errors do not fall wthin

hyper spheres associated with each codeword, and thus they
can be detected but not corrected.

[ 000132] Anot her encodi ng schenmes, such as CGol ay
codes, will also be used for barcoding. Golay codes of 12
bases can correct all triple-bit errors and detect all
guadruple-bit errors. The extended binary Golay code
encodes 12 bits of data in a 24-bit word in such a way that
any 3-bit errors can be corrected or any 7-bit errors can
be detected. The perfect binary Golay code, has codewords
of length 23 and is obtained from the extended binary Golay
code by deleting one coordinate position (conversely, the
extended binary Golay code is obtained from the perfect
binary Golay code by adding a parity bit) . In standard code
notation the codes have paraneters corresponding to the
length of the codewords, the dinension of the code, and the
m ni mum Hamm ng di stance between two codewords,
respectively

[ 000133] In general, design for barcoded priners for
hi gh-t hroughput sequencing is as follows. The prinmer wll
be designed to include nucleotides specific for the
sequencing platform nucleotides specific for the gene of
interest; nucleotides for the barcode chosen; and the
nucl eoti des of the gene. Upon anplification, one contiguous
string of nucleotides known as the "forward® priner wll be
formed from the platform specific sequencing adaptors and
the gene specific primer and linker. Additionally formed
upon anplification wll be one contiguous string of
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nucl eoti des known as the "reverse" prinmer formed from the
platform specific sequencing adaptors, the gene specific
primer and linker, and the barcode. 1In general PCR using
barcoded prinmers is known in the art. Qher error-
correcting codes may be utilized such as Gay codes, |ow
density parity check codes, etc.

[ 000134] The barcoded high-throughput sequencing
techni que provides a robust description of the changes in
bacterial community structure across the sanple set. A
hi gh-t hroughput sequencing run is expensive, and the |arge
nunber of custom priners required only adds to this cost.
However, the barcoding technique allows for thousands of
sanples to be analyzed sinmultaneously, wth each community
anal yzed in considerable detail. Although the phylogenetic
structure and conposition of the surveyed conmmunities can
be determined with a high degree of accuracy, the barcoded
hi gh-t hroughput sequencing nethod may not allow for the
identification of bacterial taxa at the finest |evels of
taxonom c resolution. However, wth increasing read |engths
in sequencing, this constraint wll gradually become Iess
rel evant

Sequenci ng

[ 000135] The vast mgjority of life on earth is
m crobial, and the vast mgjority of these mcrobial species
has not been, and is not capable of being easily cultured
in the laboratory. Consequently, our primry source of
i nformati on about nobst mcrobial species consists of
fragments of their DNA sequences. Sequencing a DNA library
will be done on a platform capable of producing nany
sequences for each sanple contained in the library. Hi gh-
t hroughput sequencing technol ogies have allowed for new
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horizons in mcrobial conmunity analysis by providing a
cost-effective nmethod of identifying the microbial OIUs
that are present in sanples. These studies have drastically
changed our understanding of the microbial conmunities in
the human body and on the planet. This developnment in
sequenci ng technol ogy, conbined with nore advanced
computational tools that enploy netadata to relate hundreds
of sanples to one another in ways that reveal clear
bi ol ogi cal patterns, has reinvigorated studies of the 16S
rRNA and other marker genes. Studies of 16S rRNA genes
provide a view of which mcrobial taxa are present in a
gi ven sanple because these genes provide an excellent
phyl ogenetic marker. Although alternative techniques, such
as net agenonmics , provide insight into all of the genes (and
potentially gene functions) present in a given comunity,
16S r RNA-based surveys are extraordinarily valuable given
that they can be used to docunent unexplored biodiversity
and the ecological characteristics of either whole
conmmunities or individual mcrobial taxa. Perhaps because
16S rRNA phylogenies tend to correspond well to trends in
overall gene content, the ability to relate trends at the
species level to host or environmental paraneters has
proven inmensely powerful. The DNA encoding the 16S rRNA
gene has been widely used to specify bacterial taxa, since
the region can be anplified using PCR primers that bind to
conserved sites in nost or all species, and |arge databases
are available relating 16S rRNA sequences to bacterial
phyl ogeni es. However, as previously discussed, other genes
can be used to specify the taxa, such as 185, LSU, |ITS, and
SSU (e.g., 16S) . For the purposes of bacteria, c¢cpn60 or
ftsZ, or other markers, may also be utilized.

[ 000136] New technol ogies have led to extraordinary
decreases in sequencing costs. This rapid increase in
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sequencing capacity has led to a process in which newer
sequencing platforns generate datasets of unprecedented
scale that break existing software tools: new software is
then devel oped that exploits these massive datasets to
produce new biological insight, but in turn the
availability of these software tools pronpts new
experiments that could not previously have been considered,
which lead to the production of the next generation of
datasets, starting the process again.

H gh- Thr oughput Sequenci ng

[ 000137] Wth the advent of high-throughput
sequenci ng, characterization of the nucleic acid world is
proceeding at an accelerated pace. Three nmajor high-
t hroughput sequencing platforns are in use today: 1) the
Genone Sequencers from Roche/ 454 Life Sciences™ [GS-20 or
GS-FLX] ; 2) the 1G Analyzer from Il um na™ Sol exa™ which
includes the M Seq™ and the H Seq™ and 3) the SOLi D™
System from Applied Biosystens™ Conparison across the
three platforns reveals a trade-off between average
sequence read length and the nunber of DNA nol ecul es that
are sequenced. The Illum na™ Sol exa™ and SOLi D systens
provi de many nore sequence reads, but render nmuch shorter
read lengths than the 454™ Roche Genone Sequencers. This
makes the 454™ Roche platform appealing for use with
barcodi ng technology, as the enhanced read |ength
facilitates the unanbiguous identification of both conplex
barcodes and sequences of interest. However, even reads of
|l ess than 100 bases can be used to classify the particular
m crobe in phylogenetic analysis. Any platform for
exanple, Illumna™ providing many reads and read |engths
of a predeterm ned necessary length, for exanple, 150 base
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pairs or 100 base pairs, is acceptable for this nethod.

[ 000138] Because the accuracy of phylogenetic
reconstruction depends sensitively on the nunber of
informative sites, and tends to be nuch worse below a few
hundred base pairs, the short sequence reads produced from
hi gh-t hroughput sequencing, which are 100 base pairs on
average for the GS 20 (Genone Sequencer 20 DNA Sequenci ng
System 454 Life Sciences™ , may be unsuitable for
perform ng phylogenet ically based conmunity analysis.
However, this limtation can be at l|least partially overcone
by using a reference tree based on full-length sequences,
such as the tree from the G eengenes 16S rRNA ARB Dat abase,
and then using an algorithm such as parsinony insertion to
add the short sequence reads to this reference tree. These
procedures are necessarily approximate, and may lead to
errors in phylogenetic reconstruction that could affect
| ater conclusions about which comunities are nore simlar
or different. One substantial concern is that because
different regions of the rRNA sequence differ in
variability, conclusions drawn about the simlarities
between conmunities from different studies mght be
affected nore by the region of the 16S rRNA that was chosen
for sequencing than by the underlying biological reality.

[ 000139] The increase in nunber of sequences per run
from parallel high-throughput sequencing technol ogies such
as the Roche 454 GS FLX™ to Illumna GAIIXx™ is on the order
of 1,000-fold and greater than the increase in the nunber
of sequences per run from Sanger to 454™ The transition
from Sanger sequencing to 454™ sequenci ng has opened new
frontiers in mcrobial comunity analysis by making it
possible to collect hundreds of thousands of sequences
spanni ng hundreds of sanples. A transition to the IIllumna™
platform allows for nore extensive sequencing than has
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previously been feasible, with the possibility of detecting
even OIUs that are very rare. By using a variant of the
barcoding strategy used for 454™wth the Illum na™
platform thousands of sanples could be analyzed in a
single run, with each of the sanples analyzed in
unprecedented depth.

[ 000140] A few sequencing runs using 454™ Roche's
pyrosequencing platform can generate sufficient coverage
for assenmbling entire mcrobial genones, for the discovery,
identification and quantitation of small RNAs, and for the
detection of rare variations in cancers, anong many other
applications. However, as the analytical technology becones
nore advanced, the coverage provided by this system becones
unnecessary for phylogenetic classification. For analysis
of multiple libraries, the 454/ Roche™ pyrosequencers can
accomodate a maxi rum of only 16 independent sanples, which
have to be physically separated using nanifolds on the
sequencing nedium drastically limting is utility in the
effort to elucidate the diverse mcrobial comunities in
each sample. Relatively speaking, the I1llum na™ platforns
are experiencing the nbst growh. However, wth the
constant inprovenments in sequencing systens, the different
platfornms that will be used will change over tine.
Generally, the nethod describe herein will be used with any
avai |l abl e hi gh-throughput sequencing platform currently
available or will be available in the future. For exanple,
the method described herein will be applied to a sequencing
nmet hod wherein the genetic material wll be sequenced
wi t hout barcoding by sinply placing the DNA or RNA directly
into a sequencing machine.

[000141] In general, high-throughput sequencing
technology allows for the characterization of mcrobial
communities orders of magnitude faster and nore cheaply

75



WO 2017/096385 PCT/US2016/064984

than has previously been possible. |In addition, the ability
t o barcode amplicons from individual sanples neans that
hundreds of sanples can be sequenced in parallel, further
reducing costs and increasing the nunber of sanples that
can be analyzed. Though high-throughput sequencing reads
tend to be short conpared to those produced by the Sanger
met hod, the sequencing effort is best focused on gathering
nmore short sequences (less than 150 base pairs or less than
100 base pairs) rather than fewer |onger ones as nuch of
the diversity of microbial comunities lies within the
"rare biosphere,” also known as the "long tail," that
traditional culturing and sequencing technologies are slow
to detect due to the limted anpbunt of data generated from
t hese techniques.

[ 000142] The length of the read of a sequence
describes the nunber of nucleotides in a row that the
sequencer is able to obtain in one read. This length can
determine the type of OTU obtained (e.g., famly, genus or
species) . For exanple, a read length of approximtely 300
base pairs wll probably provide fanmily information but not
a species determ nation. Depth of coverage in DNA
sequencing refers to the number of tines a nucleotide is
read during the sequencing process. On a genone basis, it
means that, on average, each base has been sequenced a
certain nunmber of times (10X, 20X ..). For a specific
nucleotide, it represents the nunber of sequences that
added information about that nucleotide. Coverage is the
average nunber of reads representing a given nucleotide in
the reconstructed sequence. Depth can be calculated from
the length of the original genone (G, the nunber of reads
(N, and the average read length (L) as N X L/G For
exanple, a hypothetical genone with 2,000 base pairs
reconstructed from 8 reads with an average I|ength of 500
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nucl eotides wll have 2X redundancy. This paraneter also
enabl es estimation of other quantities, such as the
percentage of the genome covered by reads (coverage) .
Sonmetimes a distinction is nmade between sequence coverage
and physical coverage. Sequence coverage is the average
nunber of times a base is read. Physical coverage is the
average nunber of times a base is read or spanned by mate
pai red reads .

[ 000143] Organi sns of |ower abundance rank can be
detected if nore sequence reads are collected. To verify
that these sequences are present, a higher read depth (i.e.
nore sequences) nust be obtained. Analyzing the rare
bi osphere is attainable because sequencing depth provided
by hi gh-throughput sequencing allows for the detection of
m crobes that would otherwi se be detected only occasionally
by chance with traditional techniques. Thus high-throughput
sequencing will allow for the analysis of the nore rare
menbers (low abundance organisns) of any environment which
may play critical role in a fermentation process inportant
in food production, agriculture and other industries where
m crobes are present within a time-frame feasible for
i ndustrial settings.

Pyr o sequenci ng

[ 000144] One type of high-throughput sequencing is
known as pyrosequenci ng . Pyrosequencing, based on the
"sequencing by synthesis" principle, is a nethod of DNA
sequencing w dely used in mcrobial sequencing studies.
Pyrosequencing involves taking a single strand of the DNA
to be sequenced and then synthesizing its conplenentary
strand enzymat ically . The pyrosequencing method is based on
observing the activity of DNA polynerase, which is a DNA
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synthesizing enzyme, w th another chenilun nescent enzyne.
The single stranded DNA tenplate is hybridized to a
sequencing primer and incubated with the enzynes DNA

pol ynerase, ATP sul furylase, luciferase and apyrase, and
with the substrates adenosine 5' phosphosulf ate (APS) and
luciferin. Synthesis of the conplenmentary strand along the
tenplate DNA allows for sequencing of a single strand of
DNA, one base pair at a tine, by the detection of which
base was actually added at each step.

[ 000145] The tenplate DNA is immobile, and solutions
of A, ¢, G, and T nucleotides are sequentially added and
removed from the reaction. The tenplates for pyrosequencing
can be nade both by solid phase tenplate preparation
(strept avidin-coated nmagnetic beads) and enzynmatic tenplate
preparation (apyrase+exonuclease ). Specifically, the
addition of one of the four deoxynucleoside triphosphates
(dNTPs)  (dATPal phaS, which is not a substrate for a
luciferase, is added instead of dATP) initiates the next
step. DNA polynerase incorporates the correct,
compl enentary dNTPs onto the tenplate. This base
i ncorporation releases pyrophosphate (PPi)
stoichionetrically . Then, ATP sulfurylase quantitatively
converts PPi to ATP in the presence of adenosine 5
phosphosul f ate. This ATP acts to catalyze the luciferase-
nmedi ated conversion of luciferin to oxyluciferin that
generates visible light in amounts that are proportional to
the amount of ATP. Light is produced only when the
nucl eotide solution conplenents the particular wunpaired
base of the tenplate. The light output in the Iluciferase-
catalyzed reaction is detected by a camera and analyzed in
a program The sequence of solutions which produce
chem | um nescent signals allows the sequence determ nation
of the tenplate. Unincorporated nucleotides and ATP are
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degraded by the apyrase, and the reaction can restart wth
anot her nucl eoti de.

[ 000146] [l'lum na's™ sequencing by synthesis (SBS)
technology wth TruSeq technology supports massively
parallel sequencing using a proprietary reversible
term nator-based nethod that enables detection of single
bases as they are incorporated into growing DNA strands.

[ 000147] A fluorescently labeled ternminator is inmaged
as each dNTP is added and then cleaved to allow
incorporation of the next base. Since all four reversible
term nator-bound dNTPs are present during each sequencing
cycle, natural conpetition mininzes incorporation bias.
The end result is true base-by-base. Al though this is
simlar to pyrosequencing, the differences between the
platforns are noteworthy. The nethod described herein can
be applied to any high-throughput sequenci ng technol ogy,
past, present or future. Pyrosequencing and SBS are nerely
exanples and do not Ilinmit the application of the nethod in
terms of sequencing.

Anal ysis of Sequencing Data

[000148] Generally, as the expense of sequencing
decreases, the nethods for conparing different comunities
based on the sequences they contain becone increasingly
important, and are often the bottleneck in obtaining
insight from the data. Sequence data can be analyzed in a
manner in which sequences are identified and |abeled as
being from a specific sanple using the unique barcode
i ntroduced during library preparation, if barcodes are
used, or sanple identifiers wll be associated wth each
run directly if barcodes are not used. Once sequences have
been identified as belonging to a specific sanple, the
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rel ationship between each pair of sanples will be

determ ned based on the distance between the collection of
m crobes present in each sanple. |In particular, techniques
that allow for the conparison of many microbial sanples in
ternms of the phylogeny of the mcrobes that live in them
("phyl ogenet ic techniques") are often necessary. Such

nmet hods are particularly valuable as the gradients that
affect mcrobial distribution are analyzed, and where there
is a need to characterize many comunities in an efficient
and cost-effective fashion. Gadients of interest include
different physical or chemcal gradients in natural
environnents, such as tenperature or nutrient gradients in
certain industrial settings.

[ 000149] When conparing mcrobial communities,
researchers often begin by determ ning whether groups of
simlar comunity types are significantly different.
However, to gain a broad understanding of how and why
conmunities differ, it is essential to nove beyond pairw se
significance tests. For exanple, determ ning whether
di fferences between communities stemprimarily from
particular I|ineages of the phylogenetic tree, or whether
there are environmental factors (such as tenperature,
salinity, or acidity) that group nultiple communities
together is pivotal to an analysis. The analysis systens
described herein are nerely exanples and are not limting.
Any nethods which will distill massive data sets from raw
sequences to human-interpret able formats, for exanple, 2-D
or 3-D ordination plots, supervised learning for predictive
nodeling, or nore traditional statistical significance
testing, allowing for pattern elucidation and recognition,
will be used.

Q1M
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[ 000150] After DNA sequence data is obtained the
bi oi nf ormat ics stages begin. This includes barcode
decodi ng, sequence quality control, "upstreant analysis
steps (including clustering of closely related sequences
and phyl ogenetic tree construction) , and "downstreant
di versity analyses, visualization, and statistics. Al of
these steps are currently facilitated by the Quantitative
Insights Into Mcrobial Ecology (QIM ww.qiine.org) open
source software package, which is the nost w dely used
software for the analysis of mcrobial comunity data
generated on high-throughput sequencing platforns. QIME
was initially designed to support the analysis of marker
gene sequence data, but is also generally applicable to

"conparative -omics" data (including but not limted to
nmet abol omics , netatranscriptomcs , and conparative human
genom cs ) .

[ 000151] QIME is designed to take users from raw
sequencing data (for exanple, as generated on the [l umna™
and 454™ pl atforns) though the processing steps nentioned
above, leading to quality statistics and visualizations
used for interpretation of the data. Because QIM: scales
to billions of sequences and runs on systens ranging from
| aptops to high-performance conputer clusters, it wll
continue to keep pace with advances in sequencing
technologies to facilitate characterization of mcrobial
community patterns ranging from normal variations to
pat hol ogi cal di sturbances in many human, aninmal and
envi ronmental ecosyst ens.

[ 000152] For mcrobione data analysis, the follow ng
steps will be taken. Unless otherwise noted, the steps wll
be performed with QIM However, other such systens may be
used and the scope of protection afforded to the present
inventions is not in anyway limted to, or dependent wupon,
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the use of QI ME
Compiling the Sanple Metadata Mapping File

[ 000153] The first step in the bioinf ormat ics stage of
a mcrobial comunity analysis study is to consolidate the
sanple netadata in a spreadsheet. The sanple netadata is
all per-sample information, including technical information
such as the barcode assigned to each sanple, and
"environmental " nmetadata. This environmental netadata will
differ depending on the types of sanples that are being
anal yzed. If, for exanmple, the study is of mcrobial
communities in soils, the pH and |atitude where the soil
was collected will be environnent netadata categories.
Alternatively, if the sanples are of the w ne m crobione,
environnental netadata may include barrel and/or bottling
identifiers and collection times. This spreadsheet wll be
referred to as the sanple netadata mapping file in the
follow ng sections.

Barcode Decoding and Quality Control

[ 000154] Next, in a conbined analysis step, sequence

barcodes will be read to identify the source sanple of each
sequence, poor quality regions of sequence reads wll be
trinmed, and poor quality reads will be discarded. These
steps will be conbined for conputational efficiency. The

features included in quality filtering include whether the
barcode w Il wunanbiguously be mapped to a sanple barcode,
per-base quality scores, and the nunber of anbiguous (N
base calls. The default settings for all quality control
paraneters in QIME will be determ ned by benchmarking
conmbi nati ons of these paraneters on artificial (i.e.,
"nmock") conmunity data, where microbial comunities were
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created in the lab from known concentrations of cultured
m crobes, and the conposition of the communities is thus
known in advance.

Sequence Clustering or "OTU Pi cking"

[ 000155] After mapping sequence reads to sanples and
performng quality control, sequences wll be clustered
into OTUs (Qperational Taxonomic Units) . This is typically
the nost conputationally expensive step in mcrobione data
analysis, and will be perforned to reduce the conputational
conplexity at subsequent steps. The assunption nmade at this
stage is that organisns that are closely related, as
determned by the simlarity of their marker gene
sequences, are functionally simlar. Hghly simlar
sequences (e.g., those that are greater than 97% i denti cal
to one another) wll be clustered, the count of sequences
that are contained in each cluster wll be retained, and
then a single representative sequence from that cluster for
use in downstream analysis steps such as taxonom c
assi gnment and phyl ogenetic tree construction wll be
chosen. This process of clustering sequences is referred to
as OTU picking, where the OTUs (i.e., the clusters of
sequences) are considered to represent taxonomic units such
as species. SILVA, a conprehensive on-line resource for
quality checked and aligned ribosomal RNA sequence data,
provides regularly updated datasets of aligned snall
(16S/18S, SsSU) and large subunit (23S/28S, LSU ribosonal
RNA (rRNA) sequences for all three domains of life
(Bacteria, Archaea and Eukarya)

[ 000156] There are three high-level strategies for OIU
pi cking, each of which is inplenented in QIME |In a de
novo OTU picking process, reads wll be clustered against
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one another w thout any external reference sequence
collection. pick_de novo otus .py is the primary interface
for de novo OTU picking in QIM and includes taxonony
assi gnment, sequence alignnment, and tree-building steps. A
benefit of de novo OTU picking is that all reads are
clustered. A drawback is that there is no existing support
for running this in parallel, so it can be too slow to
apply to large datasets (e.g., nore than 10 mllion reads) .
De novo OTIU picking nmust be used if there is no reference
sequence collection to cluster against, for exanple because
an infrequently used marker gene is being used. De novo OTU
pi cking cannot be used if the conmparison is between non-
over | apping anplicons, such as the V2 and the V4 regions of
the 16S rRNA gene or for very large data sets, like a full
H Seq™ 2000 run. Although technically, de novo OTU picking
can be used for very large data sets, the program would
take too long to run to be practical.

[ 000157] In a closed-reference OTU picking process,
reads will be clustered against a reference sequence
collection and any reads that do not hit a sequence in the
reference sequence collection are excluded from downstream
anal yses. pick_closed ref erence_otus .py is the primary
interface for dosed-ref erence OTU picking in QIME |If the
user provides taxonom c assignnments for sequences in the
ref erence database, those are assigned to OTUs. C osed-
reference OTU picking nust be used if non-overl apping
anplicons, such as the V2 and the V4 regions of the 16S
rRNA, will be conpared to each other. The reference
sequences nust span both of the regions being sequenced.

Cl osed-reference OTIU picking cannot be used if there is no
reference sequence collection to cluster against, for
exanpl e because an infrequently used narker gene is being
used. A benefit of closed-reference OTU picking is speed in

84



WO 2017/096385 PCT/US2016/064984

that the picking is fully parallelizable, and therefore
useful for extrenely large data sets. Another benefit is
that because all OIUs are already defined in the reference
sequence collection, a trusted tree and taxonony for those
OTUs may already exist. There is the option of using those,
or building a tree and taxononmy from the sequence data. A
drawback to reference-based OTU picking is that there is an
inability to detect novel diversity with respect to the
reference sequence collection. Because reads that do not
hit the reference sequence collection are discarded, the
anal yses only focus on the diversity that is already known.
Al so, depending on how well-characterized the environnment
is, a small fraction of the reads (e.g., discarding 1-10%
of the reads is common for 16S-based human m crobi one

studi es, where databases |ike G eengenes cover nost of the
organisns that are typically present) or a large fraction
of your reads (e.g., discarding 50-80% of the reads has
been observed for "unusual" environnents |ike the Guerrero
Negro mcrobial nmats) nmay be discarded.

[ 000158] In an open-reference OTU picking process,
reads will be clustered against a reference sequence
collection and any reads which do not hit the reference
sequence collection are subsequently clustered de novo.
pi ck_open_ref erence_otus .py is the primary interface for
open-reference OIU picking in QIM, and includes taxonony
assi gnment, sequence alignnent, and tree-building steps.
Open-reference OIU picking with pick_open_ref erence_otus .py
is the preferred strategy for OTU picking. Open-reference
OTJ picking cannot be used for conparing non-overl apping
anplicons, such as the V2 and the V4 regions of the 16S
rRNA, or when there is no reference sequence collection to
cluster against, for exanple because an infrequently used
mar ker gene is being used. A benefit of open-reference OTU
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picking is that all reads are clustered. Another benefit is
speed. Open-reference OIU picking is partially run in
parallel. In particular, the subsanpled open reference OTU
pi cking process inplenmented in pick _open_ref erence_otus .py
is much faster than pick_de_novo otus .py as sone strategies
are applied to run several pieces of the workflow in
paral l el. However, a drawback of open-reference OTU picking
is also speed. Sone steps of this workflow run serially.

For data sets with a lot of novel diversity with respect to
the reference sequence collection, this can still take days
to run.

[ 000159] Cenerally, wuclust is the preferred nmethod for
performng OTU picking. QIM' s uclust-based open reference
OruU picking protocol wll be used when circunstances allow
(i.e., when none of the cases above, where open reference
OTJ picking is not possible, apply) .

[ 000160] The OTU- picking protocol described above is
used for processing taxonom c nmarker gene sequences such as
those from the 16S rRNA, |ITS and LSU genes as well as other
mar ker genes. In that case, the sequences thenselves are
not used to identify biological functions performed by
menbers of the microbial conmunity; they are instead used
to identify which kinds of organisns are present. In the
case of shotgun netagenom ¢ sequencing, the data obtained
are random fragnments of all genomic DNA present in a given
m crobi one. These can be conpared to reference genones to
identify the types of organisns present in a manner simlar
t o marker gene sequences, but they may also be used to
i nfer biological functions encoded by the genomes of
m crobes in the comunity. Typically this is done by
conparing them to reference genones and/or individual genes
or genetic fragnments that have been annotated for
functional content. |In the case of shotgun
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nmet atranscr i pt om ¢ sequencing, the data obtained are
simlar to that for shotgun netatranscroptom c sequencing
except that the RNA rather than the DNA is used, and
physical or chemcal steps to deplete particular classes of
sequence such as eukaryotic messenger RNA or ribosormal RNA
are often used prior to library construction for

sequencing. |In the case of shotgun net aproteom cs , protein
fragnents are obtained and matched to reference databases.
In the case of shotgun netabolomics , netabolites are

obtai ned by biophysical nethods including nuclear magnetic
resonance or mass spectronmetry. In all of these cases, sone
type of coarse-graining of the original data equivalent to
OrTuU picking to identify biologically relevant features is
enpl oyed, and a biol ogical observation matrix as described
in relating either the raw or coarse-grained observations
to sanples is obtained. The steps downstream from the

Bi ol ogi cal Cbservation WMatrix, including the construction

of distance matrices, taxon or functional tables, and

i ndustry-specific, actionable nodels from such data, are
conceptually equivalent for each of these datatypes and are
within the scope of the present Invention.

Choosing OTU representative sequences, assigning taxonony,
aligning sequences, and constructing phylogenetic trees

[ 000161] Next, the centroid sequence in each OTU wll
be selected as the representative sequence for that OTU.
The centroid sequence will be chosen so that all sequences
are within the simlarity threshold to their representative
sequence, and the centroid sequences are specifically
chosen to be the nost abundant sequence in each OTU.

[ 000162] The OTU representative sequences wll next be
aligned using an alignment algorithm such as the PyNAST
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software package. PyNAST is a reference-based alignnent
approach, and is chosen because it achieves simlar quality
alignnents to non-reference-based alignnent approaches
(e.g., nuscle), where quality is defined as the effect of
the alignnment algorithm choice on the results of

phyl ogenetic diversity analyses, but is easily run in
parallel, which is not the case for non-reference-based
alignment al gorithns.

[ 000163] Once a PyNAST alignment is obtained,
positions that nostly contain gaps, or too high or too |ow
variability, wll be stripped to create a position-filtered
alignment. This position-filtered alignment wll be used to
construct a phylogenetic tree using FastTree. This tree
relates the OIUs to one another, wll be used in
phyl ogenetic diversity calculations (discussed below) , and
is referred to below as the OTIU phyl ogenetic tree.

[ 000164] In addition to being aligned, all OTU
representative sequences wll have taxonony assigned to
them This can be performed using a variety of techniques,
t hough our currently preferred approach is the uclust-based
consensus taxonony assigner inplenented in QIME Here, all
representative sequences (the "query" sequences) are
gqueried against a reference database (e.g., G eengenes,
which contains near-full length 16S rRNA gene sequences
with human-curated taxonom c assignnments; UN TE database
for ITS; SILVA for 18S rRNA) with uclust . The taxonony
assignnments of the three best database hits for each query
sequences are then conpared, and a consensus of those
assignnments is assigned to the query sequence.

Constructing a Biological Observation Matrix (BIOM Table

[ 000165] The last of the "upstream® processing steps
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is to create a Biological observation Mtrix (BIOW table,
which contains counts of OIUs on a per-sanple basis and the
taxonom ¢ assignnment for each OTU. This table, which wll
be referred to as the BIOM table, the OTU phylogenetic tree
constructed above, and the sanple netadata mapping file
will be the data required for conputing phylogenetic
diversity netrics in the next steps, and for doing visual
and statistical analysis based on these diversity netrics.
Al though the BIOM is a specific file format for the table
with OTU counts on a per-table basis, other file formats,
e.g. xls, txt, or csv are also possible.

Anal ysis of Mcrobial Comunities

[ 000166] Once a BIOM table, an OTU phylogenetic tree,
and a sanple netadata mapping file (n-dinmensional plot) are
conpiled, the microbial communities present in each sanple
will be analyzed and conpared. These analyses include, but
are not limted to, sunmmarizing the taxonomic conposition
of the sanples, wunderstanding the "richness" and "evenness"
of sanples (defined below) , understanding the relative
simlarity of conmunities, and identifying organisns or
groups of organisnms that are significantly different across
community types. The different types of analysis on soil
m crobial comunity data will be illustrated in the
Exanpl es bel ow.

Taxonom ¢ Conposition of Sanples

[ 000167] The taxonom c conposition of sanples is often
something that researchers are nost imediately interested
in. This can be studied at various taxonomc levels (e.g.,
phylum class, species) by collapsing OIUs in the BIOM
table based on their taxonomic assignnents. The abundance
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of each taxon on a per-sanple basis is then typically
presented in bar charts, area charts or pie charts, though
this list is not conprehensive.

Wthin-Sanmple D versity (R chness and Evenness)

[000168] Al pha diversity refers to diversity of single
sanmples (i.e., wthin-sanple diversity), including features
such as taxonom c richness and evenness. The species
richness is a nmeasure of the nunber of different species of
m crobes in a given sanple. Species evenness refers to how
close in nunbers the abundance of each species in an
envi ronnent is.

[ 000169] Measures of al pha diversity (or, wthin-
sanple diversity) have a long history in ecology. Al pha
diversity scores have been shown to differ in different
types of communities, for exanple, from different human
body habitats. For instance, skin-surface bacterial
conmuni ties have been found to be significantly nore rich
(i.e., containing nore species) in fermales than in nmales,
and at dry sites rather than sebaceous sites, and the gut
m crobi one of lean individuals have been found to be
significantly nore rich than those of obese individuals.
One way of viewing alpha diversity in the context of
environnental netadata, for exanple, the degree of
phyl ogenetic diversity in a sanple (a phyl ogeny-aware
nmeasure of richness) changes with soil pH ranging from pH
around 6.5 through 9.5, wth a peak in richness around
neutral pH of 7. In sone cases alpha diversity wll be
useful input features for building predictive nodels via
supervi sed classifiers.

Bet ween- Sanple Diversity (UniFrac and Principal Coordinates
Anal ysi s )
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[000170] Cenerally the primary question of interest
when beginning a survey of new microbial comunity types is
what environnmental features are associated with differences
in the conposition of mcrobial communities? This is a
guestion of between-sanple (or "beta") diversity. Beta
diversity metrics provide a neasure of conmmunity
dissimlarity, allowing investigators to determne the
relative simlarity of mcrobial communities. Metrics of
beta diversity are pairwise, operating on two sanples at a
time.

[000171] The difference in overall comunity
conmposition between each pair of sanples can be determ ned
using the phylogenet ically-aware UniFrac distance netric,
which allows researchers to address many of these broader
guestions about the conposition of mcrobial conmunities.
Uni Frac calculates the fraction of branch length unique to
a sanple across a phylogenetic tree constructed from each
pair of sanples. In other words, the UniFrac netric
nmeasures the distance between comunities as the percentage
of branch length that |eads to descendants from only one of
a pair of sanmples represented in a single phylogenetic
tree, or the fraction of evolution that is unique to one of
the mcrobial communities. Phylogenetic techniques for
conmparing mcrobial conmunities, such as UniFrac, avoid
some of the pitfalls associated with comparing comunities
at only a single level of taxonom c resolution and provide
a nore robust index of community distances than traditional
t axon- based nethods, such as the Jaccard and Sorenson
i ndices. Unlike phylogenetic techniques, species-based
met hods that measure the distance between conmmunities based
solely on the nunber of shared taxa do not consider the
anount of evolutionary divergence between taxa, which can
vary widely in diverse mcrobial populations. Anmong the
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first applications of phylogenetic information to
conparisons of mcrobial comunities were the Phyl ogenetic
(P)-test and the Fst test. Pairwise significance tests are
limted because they cannot be used to relate nany sanples
si mul taneously. Al though phylogenet ically-aware techniques
such as Uni Frac offer significant benefits, techniques

| acki ng phyl ogenetic awareness can also be inplenented wth
success: after an alternative distance netric (e.g. Bray-
Curtis, Jensen-Shannon divergence) has been applied, the
resulting inter-sanple distance matrix is processed in the
same way as a UniFrac distance matrix as described bel ow

[ 000172] QINME inplenments the UniFrac netric and uses
mul tivariate statistical techniques to determ ne whether
groups of mcrobial communities are significantly
different. Wen studying a set of n mcrobial communities,
the Uni Frac distances between all pairs of comunities are
conputed to derive a distance matrix (using UniFrac or
ot her distances) for all sanples. This wll be an nXn
matrix, which is symetric (because the distance between
sanple A and sanmple B is always equal to the distance
between sanple B and sample A) and will have zeros on the
di agonal (because the distance between any sanple and
itself is always zero) . For any reasonably |arger value of
n (e.g., n>) it becones difficult to interpret patterns of
beta diversity from a distance matrix directly.

[000173] O dination techniques, such as principal
coordinates analysis (PCoA) and non-netric nmultidi nensional
scaling (NVDS), together wth approximtions to these
techni ques that reduce conputational cost or inprove
parallelism wll be used to summarize these patterns in
two or three dinensional scatter plots. The patterns can
also be represented in two dinensions using, for exanple,
line graph, bar graphs, pie charts, Venn diagrans, etc.
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This is a non-exhaustive |list. The patterns can also be
represented in three dinensions using, for exanple, wre
frane, ball and stick nodels, 3-D nonitors, etc. This |ist
is also non-exhaustive and does not limt the 2-D or 3-D
forms by which the data can be represented.

[ 000174] PCoA is a nultivariate statistical technique
for finding the nost inportant orthogonal axes along which
sanples vary. Distances are converted into points in a
space with a nunber of dinmensions one |less than the nunber
of sanples. The principal conmponents, in descending order,
descri be how much of the variation (technically, the
inertia) each of the axes in this new space explains. The
first principal conponent separates the data as much as
possi ble; the second principal conmponent provides the next
nost separation along an orthogonal axis, and so forth.
QIME returns information on all principal conponent axes
in a data table. It also allows easy visualization of that
data in interactive scatter plots that allow users to
choose which principal conponents to display. The points
(each representing a single sanple) are typically nmarked
with colored synmbols, and users can interactively change
the colors of the points to detect associations between
sanple mcrobial conposition and sanple netadata. PCoA
often reveals patterns of simlarity that are difficult to
see in a distance matrix, and the axes along which
variation occurs can sonetines be correlated wth
environnmental variables such as pH or tenperature.
Industrial variables, or control data, can include presence
of oil, pressure, viscosity, etc. These control data can be
filtered or removed in order to observe other control data
factors to visualize possible patterns.

[000175] New ways of exploring and visualizing results
and identifying neaningful patterns are increasingly
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important as the size and conplexity of microbial datasets
rapidly increase. QIME 1.8.0 (released in Decenber 2013)
i ntroduces several powerful tools to assist in
visualizations of the results of PCoA, primarily the
Enperor 3D scatter plot viewer
(https://github.coniqgiime/enperor). This includes (i) the
ability to color large collections of sanples using
different wuser-defined subcategories (for exanple, coloring
envi ronment al sanmpl es according to tenperature or pH) , (ii)
automatic scal ed/unsealed views, which accentuate
di mensi ons that explain nore variance, (iii) the ability to
interactively explore tens of thousands of points (and
user-configurable labels) in 3D, and (iv) parallel
coordinates displays that allow the dinensions that
separate particular groups of environments to be readily
identified

[ 000176] The significance of patterns identified in
PCoA can be tested with a variety of nethods. The
significance of the clusters identified by UniFrac can be
established wusing Mnte Carlo based t-tests, where sanples
are grouped into categories based on their nmetadata, and
distributions of distances wthin and between categories
are conpared. For exanple, if microbial comunities are
being conpared between soils from a vineyard and soils
unassociated wth a vineyard, the distribution of UniFrac
di stances between soils from the sane group can be conpared
to those between soils from different groups by conputing a
t-score (the actual t-score) . The sanple |abels (vineyard,
non-vi neyard) can then be randomy shuffled 10,000 tines,
and a t-score calculated for each of these random zed data
sets (the random zed t-scores) . If the vineyard soils and
non-vineyard soils are significantly different from one
another in conposition, the actual t-score should higher
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than the vast nmjority of the randomi zed t-scores. A p-
value will be conputed by dividing the nunber of randomn zed
t-scores that are better than the actual t-score by 9999.
The Monte Carlo sinulations described here will be run in
parallel, and are not linmted to pairs of sanple
categories, so they support analysis of many different

sampl e types.

[000177] If the sanples fall along a gradient that is
correlated with some environnmental netadata (e.g., pH,
salinity), rather than clustering into discrete groups (as
descri bed above), there are alternative approaches to
testing for statistical significance. For exanple, if pH
appears to be correlated wth the principal coordinate 1
(PCl) values in a PCoA plot, a Mnte Carlo-based Pearson or

Spearman correlation test wll be perforned. Here, pH and
PCl will be tested to, for exanple, conmpute a Spearman rho
value. The labels of the sanples will again be shuffled

10,000 tinmes and rho conputed for each randonized data set.
The p-value for the pH versus PCl correlation wll then be
the nunber of random zed rho values that are higher than
the actual rho value divided by 9999.

Identifying Features that are Predictive of Environnent
Characteristics (i.e., Sanple Mtadata)

[ 000178] Supervised classification is a machine
| earning approach for developing predictive nodels from
training data. Each training data point consists of a set
of input features, for exanmple, the relative abundance of
taxa, and a qualitative dependent variable giving the
correct classification of that data point. |In microbione
anal ysis, such classifications mght include soil
nutrients, predom nant weather patterns, disease states,
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t herapeutic results, or forensic identification. The goal
of supervised classification is to derive sone function
from the training data that can be used to assign the
correct <class or category labels to novel inputs (e.g. new
samples), and to learn which features, for exanple, taxa,
di scriminate between classes. Comon applications of
supervised learning include text «classification, ni croarray
anal ysis, and other bioinf ormat i cs anal yses. For exanple,
when mcrobiologists wuse the R bosomal Database Project
website to classify 16S rRNA gene sequences taxonomically ,
a form of supervised classification is used.

[ 000179] The primary goal of supervised learning is to
build a nodel from a set of categorized data points that
can predict the appropriate category nenbership of
unl abel ed future data. The category I|abels can be any type
of inportant nmetadata, such as sugar content, viscosity, pH
or tenmperature. The ability to classify unlabeled data is
useful whenever alternative nethods for obtaining data
| abels are difficult or expensive.

[ 000180] This goal of building predictive nmpdels is
very different from the traditional goal of fitting an
expl anatory nodel to one's data set. The concern is |ess
with how well the nodel fits our particular set of training
data, but rather with how well it will generalize to novel
i nput data. Hence, there is a problem of nodel selection. A
nodel that is too sinple or general is undesirable because
it will fail to capture subtle, but inportant information
about the independent variables (underfitting) . A nodel
that is too conplex or specific is also undesirable because
it will incorporate idiosyncrasies that are specific only
to the particular training data (overfitting) . The expected
prediction error (EPE) of the nodel on future data nust be
optini zed
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[ 000181] When the labels for the data are easily
obtained, a predictive nodel is unnecessary. In these
cases, supervised learning will still be useful for
buil ding descriptive nodels of the data, especially in data
sets where the nunber of independent variables or the
conplexity of their interactions dimnishes the useful ness
of classical wunivariate hypothesis testing. Exanples of
this type of nodel can be seen in the various applications
of supervised classification to mcroarray data, in which
the goal is to identify a small, but highly predictive
subset of the thousands of genes profiled in an experinent
for further investigation. |In mcrobial ecology, the
anal ogous goal is to identify a subset of predictive taxa.
In these descriptive npdels, accurate estinmation of the EPE
is still inportant to ensure that the association of the
selected taxa with the class |labels is not just
happenstance or spurious. This process of finding small but
predictive subsets of features, called feature selection,
is increasingly inportant as the size and dinensionality of
m crobial conmunity analyses continue to grow.

[ 000182] A common way to estimate the EPE of a
particular nodel is to fit the nodel to a subset (e.g.,
90% of the data and then test its predictive accuracy on
the other 10% of the data. This can provide an idea of how
well the nodel would perform on future data sets if the
goal is to fit it to the entire current data set. To
improve the estimate of the EPE, this process wll be
repeated ten tines so that each data point is part of the
hel d-out validation data once. This procedure, known as
cross-validation, wll allow for the conparison of nodels
that use very different inner nmachinery or different
subsets of input features. Of course if many different
nodels are tried and one provides the |owest cross-
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validation error for the entire data set is selected, it is
likely that the reported EPE will be too optimstic. This
is simlar to the problem of making multiple conparisons in
statistical inference; sone nodels are bound to
fortuitously match a particular data set. Hence, whenever
possible, an entirely separate test set will be held out
for estimating the EPE of the final nodel, after performng
nodel sel ection.

[ 000183] Even if the nmethod for selecting the best
paraneters or degree of conplexity for a particular kind of
nodel is determned, there is still a general challenge of
pi cking what general class of nodels is nost appropriate
for a particular data set. The core aspect of choosing the
right nodels for mcrobione classification is to conbine
the know edge of the nost relevant constraints (e.g., data
sparseness) inherent in the data with the understanding of
the strengths and weaknesses of various approaches to

supervised classification. |If it is understood what
structures will be inherent in the data, then nodels that
take advantage of those structures wll be chosen. For
example, in the classification of mcrobionme, nethods that

can nodel nonlinear effects and conplex interactions
between organisms will be desired. |n another exanple, the
hi ghly diverse nature of many mcrobial communities on the
human body, nodels designed specifically to perform
aggressive feature selection when faced w th high-

di mensional data will be npbst appropriate. Specialized
generative nodels will be designed to incorporate prior
knowl edge about the data as well as the level of certainty
about that prior know edge. Instead of learning to predict
class |abels based on input features, a generative nodel
will learn to predict the input features thenselves. In
other words, a generative nodel wll learn what the data
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"l ooks like," regardless of the class labels. One potential
benefit of generative nodels such as topic nodels and deep-
| ayered belief nets will be that they can extract useful
information even when the data are unlabeled. The ability
to use data from related experinments to help build
classifiers for one's own labeled data will be inportant as
the nunber of publicly available nicrobial comunity data
sets continues to grow

[ 000184] Machine learning classification techniques
will be applied to many types of microbial commnity data,
for exanple, to the analysis of soil sanples. For the soil
samples, the sanples will be classified according to
environnment type using support vector nmachines (SVMs) and
k- nearest neighbors (KNN) . Supervised learning will be used
extensively in other classification domains wth high-

di mensi onal data, such as macroscopic ecology, microarray
anal ysis, and text classification.

[ 000185] The goal of feature selection wll be to find
the conbination of the nodel paranmeters and the feature
subset that provides the |owest expected error on novel
i nput data. Feature selection wll be of utnost inportance
in the realm of mcrobiome classification due to the
generally large nunmber of features (i.e., constituent
speci es-l evel taxa, or genes, or transcripts, or
netabolites, or some conbination of these) : in addition to
improving predictive accuracy, reducing the nunber of
features leads to the production of nore interpretable
nodel s. Approaches to feature selection known to people in
the art and are typically divided into three categories:
filter methods, wapper nmnethods, and enbedded nethods.

[ 000186] As the sinplest form of feature selection,
filter methods are conpletely agnostic to the choice of
learning algorithm being used; that is, they treat the
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classifier as a black box. Filter nethods use a two-step
process. First a univariate test (e.g. t-test) or
multivariate test (e.g., a linear classifier built wth

each unique pair of features) wll be performed to estimate
the relevance of each feature, and (1) all features whose

scores exceed a predetermned threshold wll be selected or
(2) the best n features for inclusion in the nodel wll be

selected; then a classifier on the reduced feature set wll
be run. The choice of n can be determ ned using a
validation data set or cross-validation on the training

set .

[ 000187] Filter nmethods have several benefits,
including their |ow conputational conplexity, their ease of
i npl ementation, and their potential, in the case of
multivariate filters, to identify inportant interactions
between features. The fact that the filter has no know edge
about the classifier is advantageous in that it provides
modul arity, but it can also be disadvant ageous, as there is
no guarantee that the filter and the classifier wll have
the sanme optimal feature subsets. For exanple, a linear
filter (e.g., correlation-based) is unlikely to choose an
optimal feature subset for a nonlinear classifier such as
an SVM or a random forest (RF)

[ 000188] The purpose of a filter will be to identify
features that are generally predictive of the response
variable, or to renmove features that are noisy or
uni nf ormat ive. Common filters include, but are not limted
to, the between-class chi2 test, information gain
(decrease in entropy when the feature is renmpoved) , various
standard classification performance neasures such as
precision, recall, and the F-neasure, and the accuracy of a
univariate classifier, and the bi-normal separation (BNS),
which treats the univariate true positive rate and the
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fal se-positive rate (tpr, fpr, based on docunent

presence/ absence in text classification) as though they
were cunul ative probabilities from the standard normnal
cunul ative distribution function, and the difference
between their respective z-scores, FI (tpr)-Fl (fpr), wll
be used as a neasure of that variable's relevance to the
classification task.

[ 000189] W apper methods are usually the nost
computationally intensive and perhaps the |east elegant of
the feature selection nethods. A wapper nethod, Ilike a
filter method, wll treat the classifier as a black box,
but instead of using a sinple univariate or nultivariate
test to determne which features are inportant, a wapper
will use the classifier itself to evaluate subsets of
features. This leads to a conputationally intensive search:
an ideal wapper wll retrain the classifier for all
feature subsets, and wll choose the one with the | owest
validation error. Wre this search tractable, wappers
woul d be superior to filters because they would be able to
find the optimal conbination of features and classifier
paranmeters. The search wll not be tractable for high-

di mensi onal data sets; hence, the wapper wll use
heuristics during the search to find the optimal feature
subset. The use of a heuristic wll limt the wapper's
ability to interact with the classifier for two reasons:
the inherent lack of optinmality of the search heuristic,
and the conpounded I|ack of optimality in cases where the
wapper's optimal feature set differs from that of the
classifier. In many cases the mmin benefit of using
wrappers instead of filters, nanely that the wapper can
interact with the underlying classifier, is shared by
enbedded nethods, and the additional conputational cost
incurred by wappers therefore makes such nethods
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unattractive

[ 000190] Enbedded approaches to feature selection wll
perform an integrated search over the joint space of nodel
paraneters and feature subsets so that feature selection
becones an integral part of the learning process. Enbedded
feature selection wll have the advantage over filters that
it has the opportunity to search for the globally optinal
paraneter-feature conbination. This is because feature
selection will be perforned with know edge of the paraneter
sel ection process, whereas filter and w apper nethods treat

the classifier as a "black box." As discussed above,
perform ng the search over the whole joint paraneter-
feature space is generally intractable, but enbedded

met hods will use know edge of the classifier structure to
inform the search process, while in the other nethods the
classifier nust be built from scratch for every feature

set .
Industrial Use Exanples

[ 000191] The method described herein wll be useful in
a plethora of industrial settings. The scope of the
informati on obtained can vary, based on the type of goal to
be obtained. For exanple, the nmethod can be applied on a
macro scale, for exanple, sanpling and analysis from all
vi neyards throughout the world. The nethod can also be
applied on a regional scale, for exanple, sanpling and
analysis of vineyards in a region of the United States.
Further, the nmethod can be applied on a local scale, for
exanmple, sanpling and analysis in a vineyard in Virginia.
Next, the nmethod can be applied on a run-based scale, for
exanpl e, sanpling and analysis of different harvests in one
Wi nery .
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[ 000192] Vintners rely heavily on the soil for the
gromh of their vineyards. Wth mcrobione analysis of
particular soil that yielded a successful harvest generally
or that was especially resistant to climatic variation, a
vintner will use this information to predict a nunber of
things. First, the vintner will use the m crobione
information from a successful harvest of the previous
season and conpare with the soil on his vineyard currently
to see if the soil is likely to yield a successful harvest
this season. Second, if the soil mcrobiome is mnuch
different, he will use that information to plant a
different grape variety that will flourish in the soil.
This data will be obtained from previous years' soil
analysis. Third, if the vintner is looking to expand his
vineyard or purchase a different vineyard, the soil
m crobi one of the prospective vineyard wll be tested to
see which grape varieties have growmh potential in that
particular soil. If the vintner desires to plant a specific
grape variety, the analysis of the soil may steer him away
fromthe new land if the mcrobiome of the soil is nore
likely to yield a successful season of a different variety.
Fourth, a particular high-end variety in which the vintner
is interested in cultivating may only grow in certain soil
conditions. An analysis of the soil (including the
m crobi one) where the particular crop has thrived conpared
to the vintner's current soil will inform the vintner of
the feasibility of the new crop. Precision oenology is one
of the advantages of the enbodinents of this invention.
Using the information related to the fermentation species
identifies in the soil to provide advice to vintners and
wi nemakers to inprove the organoleptic properties of the
wine. Wth the soil being the repository of nobst of the
fermentation species, the value of the soil/harvest could
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fluctuate depending on a Mcro-Wne-Mkers index
identifying the percentage of fermentation species relevant
for the specific w nemaking process. The index would
provide information on the optimal mcrobione conmunity
needed in the soil to launch the fernmentation process.

[ 000193] In another enbodinent the first set of one or
nore mcroorganisns are obtained from a source likely to
favor the selection of appropriate mcroorgani snms. By way
of exanple, the source may be a particular environnent in
which it is desirable for other plants to grow, or which is
t hought to be associated with terroir. In another exanple,
the source may be a plant having one or nore desirable
traits, for exanple a plant which naturally grows in a
particular environnent or under certain conditions of
interest. By way of exanple, a certain plant may naturally
grow in sandy soil or sand of high salinity, or under
extreme tenperatures, or with little water, or it may be
resistant to certain pests or disease present in the
environment, and it may be desirable for a conmercial crop
to be grown in such conditions, particularly if they are,
for exanple, the only conditions available in a particular
geographic |location. By way of further exanple, the
m croorgani sns may be collected from comercial crops grown
in such environnents, or nore specifically from individual
crop plants best displaying a trait of interest anobngst a
crop grown in any specific environnment: for exanple the
fastest-growing plants anongst a crop grown in saline-
l[imting soils, or the |east danaged plants in crops
exposed to severe insect danage or disease epidemc, or
plants having desired quantities of certain netabolites and
ot her conpounds, including fibre content, oil content, and
the like, or plants displaying desirable colours, taste or
smell. The mcroorganisns nmay be collected from a plant of
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interest or any material occurring in the environment of
interest, including fungi and other animal and plant biota,
soil, water, sedinments, and other elenents of the
environnent as referred to previously.

[ 000194] While the invention obviates the need for
pre-existing know edge about a mcroorganisnms desirable
properties with respect to a particular plant species, in
one enbodi nent a mcroorganism or a conbination of
m croorgani sms of use in the nethods of the invention may
be selected from a pre-existing collection of individual
m crobial species or strains based on sone know edge of
their likely or predicted benefit to a plant. For exanple,
the mcroorganism may be predicted to: inprove nitrogen
fixation; release phosphate from the soil organic matter;
rel ease phosphate from the inorganic forns of phosphate
(e.g. rock phosphate); "fix carbon” in the root
m crosphere; live in the rhizosphere of the plant thereby
assisting the plant in absorbing nutrients from the
surrounding soil and then providing these nore readily to
the plant; increase the number of nodules on the plant
roots and thereby increase the nunmber of synbiotic nitrogen
fixing bacteria (e.g. Rhizobium species) per plant and the
amount of nitrogen fixed by the plant; elicit plant
def ensi ve responses such as ISR (induced systemc
resi stance) or SAR (system c acquired resistance) which
help the plant resist the invasion and spread of pathogenic
m croorgani sns; conpete with mcroorganisns deleterious to
plant growth or health by antagonism or conpetitive
utilization of resources such as nutrients or space; change
the color of one or nore part of the plant, or change the
chem cal profile of the plant, its snmell, taste or one or
nore other quality.

[ 000195] As used herein, "individual i sol at es™
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should be taken to mean a conposition or culture conprising
a predom nance of a single genera, species or strain of

m croorganism following separation from one or nore other
m cr oor gani sns. The phrase should not be taken to indicate
the extent to which the mcroorganism has been isolated or
purified. However, "indivi dual i solates" preferably
conprise substantially only one genus, species, or strain
of m croorgani sm

[ 000196] The mcroorganisns can be isolated from a
plant or plant material, surface or growh nedia associates
with a selected plant using any appropriate techniques
known in the art, including but not limted to those
t echni ques described herein. For exanple, whole plant could
be obtained and optionally processed, such as mulched or
crushed. Alternatively, individual tissues or parts of
selected plants (such as |eaves, stens, roots, and seeds)
may be processed.

[000197] The following is a list of non-limting
exanpl es of the types of plants the nethods of the
invention may be applied to:

[ 000198] Crops grown for the production of non-
al coholic beverages and stinulants (coffee, black and green
teas, cocoa, tobacco) ;

[ 000199] Plants grown for conversion to Energy,
bi ol ogical transformation during the production of

bi of uel s, industrial solvents or chemical products, e.g.
et hanol or buranol, propane diols, or other fuel of
industrial material including sugar crops (e.g. beet, sugar

cane), starch producing crops (e.g. C3 and C4 cereal crops
and tuberous crops), cellulosic crops such as forest
cellulosic crops such as forest trees (e.g. Pines,

Eucal ypts) and G am naceous and Poaceous plants such as
bamboo, switch grass, mscanthus; crops used in energy,
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bi ofuel or industrial chem cal production via gasification
and/or mcrobial or catalytic conversion of the gas to

bi ofuels or other industrial raw materials such as solvents
or plastics, wth or without the production of biochar

(e.g. biomass crops such as coniferous, eucalypt, tropical
or broadl eaf forest trees, gram naceous and poaceous crops
such as banboo, switch grass, miscanthus, sugar cane, or
henp or softwoods such as poplars, wllows; and, biomass
crops used in the production of biochar;

[ 000200] The present invention also provides Kkits
which are useful for carrying out the present invention.
The present kits conprise one or nore container neans
contai ning the above-described assay conponents. The kit
al so conprises other container neans containing solutions
necessary or convenient for carrying out the invention.

The container neans can be made of glass, plastic or foil
and can be a vial, bottle, pouch, tube, bag, etc. The kit
may also contain witten information, such as procedures
for carrying out the present invention or analytical
information, such as the anmount of reagent contained in the
first container means. The container neans may be in

anot her container neans, e.g. a box or a bag, along wth
the witten information.

[ 000201] The followi ng exanples are included to
denonstrate preferred enbodinments of the invention. It
shoul d be appreciated by those of skill in the art that the
techni ques disclosed in the exanples which follow represent
techni ques discovered by the inventors and thought to

function well in the practice of the invention, and thus
can be "considered to constitute preferred nodes for its
practice. However, those of skill in the art should, in
light of the present disclosure, "appreciate that many

changes can be made in the specific enbodinents which are
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disclosed and still obtain a like or simlar result wthout
departing from the spirit and scope of the invention.

[ 000202] All docunents cited herein are hereby
eincorporated in their entirety by reference thereto.

Exanmple 1
Sanpl e Reception/ Order managenent
[ 000203] It is necessary to receive sanples from their

point of origin to the genetic testing |aboratory where the
sanples are processed. We have created a full system to
manage orders automatically by using internet based tools
simlar to ecommerce. That is the way we receive basic
client 's data information as identification or shipping
address .

Exanple 2
Sanpl e coll ection

[ 000204] We have developed a specific nmethodology to
collect samples, concretely from the w nemaking process. W
can distinguish anong seven different stages:

[ 000205] 1. Soi |,

[ 000206] 2. G ape/ Frui t,

[ 000207] 3. Must ,

[ 000208] 4. Al coholic fernentation (beginning,

m ddl e and end) Depending on paraneters as alcoholic
graduation, anount of sugar, density.

[ 000209] 5. Mal ol actic fernentation (beginning,
m ddl e and end) Depending on ambunt of malic and acetic

acid.

[ 000210] 6 . Barrel (Beginning, mddle and end)
measure in nonths .

[000211] 7. Bottl e

[ 000212] To test the soil, it is enough to collect
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200ng of soil comng from what we call soil wunit. In the
case of vineyards, a unit is defined as a parcel of |and
with the sanme grape variety, type of soil, culture
techniques, and climate characteristics. |If the vineyard is
on the side of a hill, it should be divided into different
i ndependent units and different sanpling kits used.

[ 000213] To capture nost of the fernentative species,
sanpl es should be taken at the distance to vine trunk: 30
cm (12 in) and depth: 5-10 cm (2-4 in)

Example 3
Met adat a provi si on

[ 000214] We have devel oped specific forns and
guestionnaires to collect the additional data which wll
allow the understanding of the influence of mcroorganisnms
in the fernentation processes and data conparison.

[ 000215] Most of the fornms have been translated to
information technology (1T) |anguage and tools. For
exanple, through a nobile application it is possible to
register a soil sanple by providing: tube 1D grape
variety, planting year of the grape, and a picture

including: an image of the soil, sanpling date and timng,
coordinates of the sanple (location) . Wth this
information, especially the coordinates, it is possible to
gather additional information from external databases

regarding soil conposition, climte, or weather conditions
to be included in the sanple assessment an eval uation.

Exanple 4
Sanpl e shi ppi ng
[ 000216] Each kind of sanple should be shipped in
different ways. Usually freezing the sanples is a standard
nmet hodol ogy to stabilize the mcrobial community included
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in a sanple.

[ 000217] Soil: After sone experinents wth different
conservative buffers, we have determined that the best way
to ship soil sanples is at room tenperature. Mcrobione is
consistent and does not change significantly for at |east
14 days.

[ 000218] Liquid sanples: We are developing test wth
different conservative buffers to identify the nobst ideal
additive to inactivate mcrobial activity in a sanple. The
i deal buffer should be in form of powder instead of I|iquid:
easier to preserve and easier to deliver.

Exanple 5
Coding and traceability

[ 000219] Each sanple should be identified with an
unique ID in order to provide each sanple with its special
character so that it can be treated as unique during the
wor kfl ow. We have designed a database architecture. We
have designed our own structure according to the
requirenment and optimal functionality of data that we
request /use/collect . This structure includes tables and
fields which create relationships anpbng paraneters/data,
including sone evolutionary fields to be able to track each
sanple at real tine.

[ 000220] Sanple I D has been conceived as a conbination
of six al phanuneric fields. The first three digits identify
the client and the last three digits identify the sanple
nunber. Wth this unique code it is possible to create
al nrost 50,000 sanple I1Ds per client. If we run out of
sanple IDs, a new client ID could be assigned if necessary
for the sane client.

[ 000221] Sanpl es can pass through the follow ng
traceability steps:
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[ 000222] 1. O der: pending shipping

[ 000223] 2. Shi pped

[ 000224] 3. Received in the lab

[ 000225] 4. DNA extraction

[000226] 5. Quality Control 1

[ 000227] 6. Li brary buil di ng

[ 000228] 7. Quality Control 2

[ 000229] 8. DNA Sequenci ng

[ 000230] 9. Bi oi nf ormat i cs processing
[ 000231] 10. See results

Exanple 6
Sanmpl e Processi ng

[ 000232] a) DNA extraction

[ 000233] When a sanple arrives to our genetic
facilities the first step is to extract the DNA by breaking
the nolecular wunion of cells, releasing the DNA and
concentrating it. We apply an inproved netagenomnic

approach .
[ 000234] We are using RNA PowerSoil ® Total RNA
Isolation Kit, MO BIO Laboratories, Inc. Carlsbad, c<cA) for

the met atranscr ipt onme analysis. From 50 m of w ne, nust,
al coholic or malolactic fermentation sanple, centrifuge at
4000 x g during 15 mnutes in a 50 m  Fal con tube.

[ 000235] 1. Di scard the supernatant.

[ 000236] 2. Wash step: Dilute the pellet using 1.5
m of PBS and transfer to a 1.5 ml eppendorf.

[ 000237] 3. Centrifuge at maxi mum speed during 3
m nutes .
[ 000238] 4. Repeat step 3-4 twice. Note: In this

step you have to be aware of the pellet quantity so if you
get little pellet avoid repeat the wash step and procedes
to step 6. If you are processing nust, avoid the wash step.
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[ 000239] 5. Dilute the pellet wusing the [Iiquid.
[ 000240] 6 . The sanples that we are dealing with are
soil, liquids, fruit. In the following lines we wll

describe the steps that we have identified as optimal. To
do this we use sone conmercial DNA extraction Kkits adapted
t o our necessities.

DNA Extraction for Soil

[ 000241] Based in PowerLyzer® PowerSoil® (MO BIO
Laboratori es, Inc. Carlsbad, CA) DNA Isolation Kit

[ 000242] 1. To the PowerLyzer® d ass Bead Tube, 0.1
mm provi ded, add 0.2 grams of soil sanple.

[ 000243] 2. Add 750 -1 of Guanidine thiocyanate
solution to the 3 ass Bead Tube. Gently vortex to mX.

[ 000244] 3. Add 60 ul of surfactant and invert
several tines or vortex briefly.

[ 000245] 4. After adding surfactant solution,
incubate 10 mnutes at 70°C

[ 000246] 5. Secure PowerBead Tubes into the
Precellys device (bead-beating honogenat ion, Bertin
Technol ogi es, Mbont i gny-1 e- Br et onneux, France) . Vortex at
5500 rpm during 90 seconds. You will have to set up the

program at 3 cycles.

[ 000247] 6 . Make sure the PowerBead Tubes rotate
freely in your centrifuge w thout rubbing. Centrifuge tubes
at 10,000 x g for 30 seconds at room tenperature.

[ 000248] 7. Transfer the supernatant to a clean 2 ml
Col l ection Tube (provided) .

[ 000249] 8 . Add 250 ul of Solution protein

precipitant and vortex for 5 seconds. Incubate at 4°C for 5
m nutes .
[ 000250] 9. Centrifuge the tubes at room tenperature

for 1 minute at 10,000 x g.
[ 000251] 10. Avoiding the pellet, transfer up to, but
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no nore than, 600 ul of supernatant to a clean 2 ml
Col l ection Tube (provided) .

[ 000252] 11. Add 200 ul of Inhibitor renoval conpound
and vortex briefly. Incubate at 4°C for 5 mnutes.

[ 000253] 12. Centrifuge the tubes at room tenperature
for 1 mnute at 10,000 x g.

[ 000254] 13. Avoiding the pellet, transfer up to, but
no nore than, 750 ul of supernatant into a clean 2 ml
Col l ection Tube (provided) .

[ 000255] 14. Shake to m x chaotropic agent before
use. Add 1200 ul of Solution C4 to the supernatant and
vortex for 5 seconds.

[ 000256] 15. Load approxinmately 675 ul onto a Spin
Filter and centrifuge at 10,000 x g for 1 minute at room
tenperature. Discard the flow through and add an additi onal
675 ul of supernatant to the Spin Filter and centrifuge at
10,000 x g for 1 minute at room tenperature. Load the
remai ning supernatant onto the Spin Filter and centrifuge
at 10,000 x g for 1 mnute at room tenperature. Note: A
total of 3-4 loads for each sanple processed are required.

[ 000257] 16. Add 500 ul of Solution Ethanol 60% and
centrifuge at room tenperature for 30 seconds at 10,000 x
g.

[ 000258] 17. Discard the flow through.

[ 000259] 18. Centrifuge again at room tenperature for
1 mnute at 10,000 x g.

[ 000260] 19. Carefully place spin filter in a clean 2
m Col | ection Tube (provided) . Avoid splashing any Sol ution
C5 onto the Spin Filter.

[ 000261] 20. Add 100 ul of 1,3-Propanediol , 2-am no-
2- (hydroxynmethyl )-, hydrochloride mx with Tris HCL 2-

Am no-2- (hydroxynmethyl )-1,3-propaneiol to the center of the
white filter nmenbrane. Stand the tube for at least 1
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m nute .

[ 000262] 21. Centrifuge at room tenperature for 30
seconds at 10,000 x g.

[ 000263] 22. Discard the Spin Filter. The DNA in the
tube is now ready for 16S-ITS library preparation

Exanple 7
DNA Extraction for Fruit (grapes)

Based in PowerLyzer® PowerSoil® DNA Isolation Kit

[ 000264] 1. Add 20 units of grapes previously frozen
at -80°C to a 50m falcon tube.

[ 000265] 2. Add 20m of purified water.

[ 000266] 3. Vortex 5 minutes w thout breaking the
grapes .

[ 000267] 4. Collect all |iquid.

[ 000268] 5. Centrifuge at 4000 x g during 15 mnutes
in a 50 m Falcon tube

[ 000269] 6 . Di scard the supernatant.

[ 000270] 7. Wash step: Dilute the pellet using 1.5
m of PBS and transfer to a 1.5 ml eppendorf.

[000271] 8. Centrifuge at maxi num speed during 3
m nutes .
[ 000272] 9. Repeat step 3-4 twice. Note: In this

step you have to be aware of the pellet quantity so if you
get little pellet avoid repeating the wash step and
procedes to step 6. If you are processing nust, avoid the
wash step.

[000273] 1. Dillute the pellet adding 750 -1 of
Guani di ne thiocyanate solution to the G ass Bead Tube.
Gently vortex to mXx.

[ 000274] 2. Add 60 ul of surfactant Solution and
invert several times or vortex briefly.
[ 000275] 3. After adding Solution surfactant,
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incubate 10 minutes at 70°C.

[ 000276] 4. Secure PowerBead Tubes into the
Precel lys device (bead-beating honogenization, Bertin
Technol ogi es, Mbont i gny-1 e- Br et onneux, France) . Vortex at
5500 rpm during 90 seconds. You will have to set up the
program at 3 cycles.

[ 000277] 5. Make sure the PowerBead Tubes rotate
freely in your centrifuge wthout rubbing. Centrifuge tubes
at 10,000 x g for 30 seconds at room tenperature.

[ 000278] 6 . Transfer the supernatant to a clean 2 ml
Col l ection Tube (provided) .

[ 000279] 7. Add 250 ul of protein precipitant

Solution and vortex for 5 seconds. |ncubate at 4°C for 5
m nut es .
[ 000280] 8. Centrifuge the tubes at room tenperature

for 1 mnute at 10,000 x g.

[ 000281] 9. Avoiding the pellet, transfer up to, but
no nore than, 600 ul of supernatant to a clean 2 ml
Col I ecti on Tube.

[ 000282] 10. Dilute the pellet adding 750 -1 of
Guani di ne thiocyanate solution to the G ass Bead Tube.
Gently vortex to mXx.

[ 000283] 11. Add 60 ul of surfactant Solution and
invert several times or vortex briefly.

[ 000284] 12. After adding Solution surfactant,
incubate 10 minutes at 70°C.

[ 000285] 13. Secure PowerBead Tubes into the
Precellys device (bead-beating honpbgenization, Bertin
Technol ogi es, Mbont i gny-1 e- Br et onneux, France) . Vortex at
5500 rpm during 90 seconds. You will have to set up the
program at 3 cycles.

[ 000286] 14. Make sure the PowerBead Tubes rotate
freely in your centrifuge wthout rubbing. Centrifuge tubes
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at 10,000 x g for 30 seconds at room tenperature.

[ 000287] 15. Transfer the supernatant to a clean 2 ml
Col l ection Tube (provided) .

[ 000288] 16. Add 250 ul of protein precipitant
Solution and vortex for 5 seconds. Incubate at 4°C for 5
m nutes .

[ 000289] 17. Centrifuge the tubes at room tenperature
for 1 mnute at 10,000 x g.

[ 000290] 18. Avoiding the pellet, transfer up to, but
no nore than, 600 ul of supernatant to a clean 2 ml
Col l ection Tube.

[ 000291] 19. Add 200 ul of Inhibitor renoval conpound
Solution and vortex briefly. Incubate at 4°C for 5 mnutes.

[ 000292] 20. Centrifuge the tubes at room tenperature
for 1 mnute at 10,000 x g.

[ 000293] 21. Avoiding the pellet, transfer up to, but
no nore than, 750 ul of supernatant into a clean 2 ml
Col l ection Tube (provided) .

[ 000294] 22. Shake to m x chaotropic agent Solution
before use. Add 1200 ul of Solution C4 to the supernatant
and vortex for 5 seconds.

[ 000295] 23. Load approxinmately 675 ul onto a Spin
Filter and centrifuge at 10,000 x g for 1 minute at room
tenperature. Discard the flow through and add an additi onal
675 ul of supernatant to the Spin Filter and centrifuge at
10,000 x g for 1 minute at room tenperature. Load the
remai ning supernatant onto the Spin Filter and centrifuge
at 10,000 x g for 1 mnute at room tenperature. Note: A
total of 3-4 loads for each sanple processed are required.

[ 000296] 24. Add 500 ul of Solution Ethanol 60% and
centrifuge at room tenperature for 30 seconds at 10,000 x
g.

[ 000297] 25. Discard the flow through.
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[ 000298] 26. Centrifuge again at room tenperature for
1 mnute at 10,000 x g.

[ 000299] 27. Carefully place spin filter in a clean 2
m Col |l ection Tube (provided) . Avoid splashing any Solution
C5 onto the Spin Filter.

[ 000300] 28. Add 100 ul of 1,3-Propanediol , 2-am no-
2- (hydroxynmethyl )-, hydrochloride mx with Tris HCL 2-
Am no-2- (hydroxynmethyl )-1,3-propanediol to the center of
the white filter menbrane. Stand the tube for at least 1
m nute .

[ 000301] 29. Centrifuge at room tenperature for 30
seconds at 10,000 x g.

[ 000302] 30. Discard the Spin Filter. The DNA in the
tube is now ready for 16S-ITS library preparation.

Exanple 8
DNA extraction from Wne (liquid)

[ 000303] Based in PowerLyzer® PowerSoil® DNA Isolation
Ki t

[ 000304] 1. From 50 ml of wine, nust, alcoholic or
mal ol actic fermentation sanple, centrifuge at 4000 x ¢
during 15 minutes in a 50 m Falcon tube

[ 000305] 2. Di scard the supernatant.

[ 000306] 3. Wash step: Dilute the pellet using 1.5
m  of PBS and transfer to a 1.5 ml eppendorf.

[ 000307] 4. Centrifuge at maxi mum speed during 3
m nutes .
[ 000308] 5. Repeat step 3-4 twice. Note: In this

step you have to be aware of the pellet quantity so if you
get little pellet avoid repeat the wash step and procedes
to step 6. If you are processing nust, avoid the wash step.

[ 000309] 6 . Dillute the pellet adding 750 -1 of
Guani di ne thiocyanate solution to the G ass Bead Tube.
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Gently vortex to mXx.

[ 000310] 7. Add 60 ul of surfactant Solution and
invert several tinmes or vortex briefly.

[ 000311] 8. After adding Solution surfactant,
incubate 10 minutes at 70°C.

[ 000312] 9. Secure PowerBead Tubes into the

Precel lys device (bead-beating honogenization, Bertin
Technol ogi es, Mbont i gny-1 e- Br et onneux, France) . Vortex at
5500 rpm during 90 seconds. You will have to set up the
program at 3 cycles.

[ 000313] 10. Make sure the PowerBead Tubes rotate
freely in your centrifuge wthout rubbing. Centrifuge tubes
at 10,000 x g for 30 seconds at room tenperature.

[ 000314] 11. Transfer the supernatant to a clean 2 ml
Col l ection Tube (provided) .

[ 000315] 12. Add 250 ul of protein precipitant
Solution and vortex for 5 seconds. Incubate at 4°C for 5
m nutes .

[ 000316] 13. Centrifuge the tubes at room tenperature
for 1 mnute at 10,000 x g.

[000317] 14. Avoiding the pellet, transfer up to, but
no nore than, 600 ul of supernatant to a clean 2 ml
Col I ecti on Tube.

[ 000318] 15. Add 200 ul of Inhibitor renoval conpound
Solution and vortex briefly. Incubate at 4°C for 5 mnutes.

[ 000319] 16. Centrifuge the tubes at room tenperature
for 1 mnute at 10,000 x g.

[ 000320] 17. Avoiding the pellet, transfer up to, but
no nore than, 750 ul of supernatant into a clean 2 ml
Col l ection Tube (provided) .

[ 000321] 18. Shake to m x chaotropic agent Solution
before use. Add 1200 ul of Solution C4 to the supernatant
and vortex for 5 seconds.
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[ 000322] 19. Load approxinmately 675 ul onto a Spin
Filter and centrifuge at 10,000 x g for 1 mnute at room
tenperature. Discard the flow through and add an additi onal
675 ul of supernatant to the Spin Filter and centrifuge at
10,000 x g for 1 mnute at room tenperature. Load the
remai ning supernatant onto the Spin Filter and centrifuge
at 10,000 x g for 1 mnute at room tenperature. Note: A
total of 3-4 loads for each sanple processed are required.

[ 000323] 20. Add 500 ul of Solution Ethanol 60% and
centrifuge at room tenperature for 30 seconds at 10,000 x
g.

[ 000324] 21. Discard the flow through.

[ 000325] 22. Centrifuge again at room tenperature for
1 mnute at 10,000 x g.

[ 000326] 23. Carefully place spin filter in a clean 2
m Col |l ection Tube (provided) . Avoid splashing any Sol ution
C5 onto the Spin Filter.

[ 000327] 24. Add 100 ul of 1,3-Propanediol , 2-am no-
2- (hydroxymet hyl )-, hydrochloride mx with Tris HCL 2-

Am no-2- (hydroxynmethyl )-1,3-propanediol to the center of
the white filter nmenmbrane. Stand the tube for at least 1
m nute .

[ 000328] 25. Centrifuge at room tenperature for 30
seconds at 10,000 x g.

[ 000329] Discard the Spin Filter. The DNA in the tube
is now ready for 16S-1TS library preparation.

Exanple 9
b) Library building 1
[ 000330] Once we have extracted the DNA it is
necessary to build the library of genome regions that we
want to read.
[ 000331] Qur technology identifies the bacteria and
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the fungi kingdonms present in a biological sanple. W use
different biomarkers for each kingdom and in the follow ng
lines we explain in detail the methodologies to build
libraries for:

[ 000332] -Bacteria: 16S gene

[ 000333] -Fungi: |1TS gene

[ 000334] -Conpl ex sanples (also vegetable species as
grape)

[ 000335] -Shotgun for sanples collected from bottled
Wi ne .

Bacteria Kingdom 16S Prep Workfl ow

[ 000336] 1. Prepare a 96 well plate format with DNA
sanples previously diluted 1:50

[ 000337] 2. Prepare 8 different nixes per each 8
different primer FWand 5 prinmer hot Master Mx (MY .
(0,5ul x 12 wells) + (10 ul of 5 prinmer hot Master MXx x 12
wells)

[ 000338] 3. Add each Mx in the different wells in
Colum 1 of the 96 well plate.

[ 000339] 4. Distribute 10.5ul per well in horizontal
direction in the plate.

[ 000340] 5. Prepare 12 different nixes per each 12
different primers RV and mliQ water. (0.5ul x 8 wells) +
(13ul of mliQ water x 8 wells) .

[ 000341] 6 . Distribute 13.5ul per well in vertical
direction in the plate.

[ 000342] 7. Wth a multichannel distribute lul of
DNA in each well in horizontal direction.

[ 000343] Put the plate in the thernocycler

[ 000344] Conplete reagent recipe (master mx) for [IX
PCR reaction

[ 000345] PCR G ade H20 (note 1, below) 13.0 pL

[ 000346] 5 Prinmer Hot MM note2) 10.0 pL
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[ 000347] Forward primer (5uM)0.5 pL
[ 0003438] Reverse prinmer (5uM)0.5 plL
[ 000349] Tenpl ate DNA 1.0 pL
[ 000350] Total reaction volune 25.0 pL
[ 000351] 1. Five Prinme Hot Master MXx (5 prine:
Item# 2200410)
[ 000352] 2. Final prinmer concentration of master
mx: 0.2 uM
[ 000353] Thernocycler Conditions for 96 well
t her nocycler s:
[ 000354] 1. 94°C 3 ninutes
[ 000355] 2. 94°C 20 seconds
[ 000356] 3. 50°C 20 seconds
[ 000357] 4. 72°C 40 seconds
[ 000358] 5. Repeat steps 2-4 35 tines
[ 000359] 6 . 72°C 10 minutes
[ 000360] 7. 4°C HOLD
[ 000361] Table 1: 16S Priners FW
[000363] AATGATACGGCGACCACCGAGATCTACACAT
[000362] CGTACGGAATAGTTGGGAGTGYCAGCMGCCGCGGTAA
15f_SA501
[000365] AATGATACGGCGACCACCGAGATCTACACAC
[000364] TATCTGGAATAGTTGGGAGTGYCAGCMGCCGCGGTAA
15f_SA502
[000367] AATGATACGGCGACCACCGAGATCTACACTA
[000366] GCGAGTGAATAGTTGGGAGTGYCAGCMGCCGCGGTAA
15f_SA503
[000369] AATGATACGGCGACCACCGAGATCTACACCT
[000368] GCGTGTGAATAGTTGGGAGTGYCAGCMGCCGCGGTAA
15f_SA504
[000371] AATGATACGGCGACCACCGAGATCTACACTC
[000370] ATCGAGGAATAGTTGGGAGTGYCAGCMGCCGCGGTAA
15f_SA505
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[000373] AATGATACGGCGACCACCGAGATCTACACCG
[000372] TGAGTGGAATAGTTGGGAGTGYCAGCMGCCGCGGTAA
15f SA506
[000375] AATGATACGGCGACCACCGAGATCTACACGG
[000374] ATATCTGAATAGTTGGGAGTGYCAGCMGCCGCGGTAA
15f SA507
[000377] AATGATACGGCGACCACCGAGATCTACACGA
[000376] CACCGTGAATAGTTGGGAGTGYCAGCMGCCGCGGTAA
15f SA508
[ 000378] Table 2: 16S Priners RV
[000380]  CAAGCAGAAGACGGCATACGAGATAACTCTC
[000379] | 5GCAGTCAGCOGGACT ACHVGGGTWICTAAT
061 SA701
[000382]  CAAGCAGAAGACGGCATACGAGATACTATGT
[000381] | 5oGoCAGTCAGCOGGACT ACHVGGGTWICTAAT
061 _SA702
[000384]  CAAGCAGAAGACGGCATACGAGATAGTAGCG
[000383] | 1+oG0CAGTCAGCOGGACT ACHVGGGTWICTAAT
061 SA703
[000386]  CAAGCAGAAGACGGCATACGAGATCAGTGAG
[000385] | 1+oG0CAGTCAGCOGGACT ACHVGGGTWICTAAT
061 _SA704
[000388]  CAAGCAGAAGACGGCATACGAGATCGTACTC
[000387] | ACGCCAGTCAGOCGGACTACHVGGGTWICTAAT
061 SA705
[000390]  CAAGCAGAAGACGGCATACGAGATCTACGCA
[000389] | 3oaCCAGTCAGOCGRACTACHVGGGTWICTAAT
061 _SA706
[000392]  CAAGCAGAAGACGGCATACGAGATGGAGACT
[000391] | ACGOCAGTCAGCCGGACTACHVGGGTWICTAAT
061 _SA707
[000394]  CAAGCAGAAGACGGCATACGAGATGTCGCTC
[ 000393]

061 _SA708

GCGCCAGT CAGCCGGACTACHVGGGTWI CTAAT
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[000396]  CAAGCAGAAGACGGCATACGAGATGTCGTAG
[000395] | T oaoCAGT CAGCOGGACT ACHVGGGTWICTAAT
06r SA709
[000398]  CAAGCAGAAGACGGCATACGAGATTAGCAGA
[000397] | 5oaCCAGTCAGOCGRACT ACHVGGEGTWICTAAT
06r SA710
[000400]  CAAGCAGAAGACGGCATACGAGATTCATAGA
[000399] | 5oaCCAGTCAGOCGRACTACHVGGEGTWICTAAT
06r SA711
[000402]  CAAGCAGAAGACGGCATACGAGATTCGCTAT
[000401] | AGGOCAGTCAGOCGGACTACHVGGGTWICTAAT
06r SA712

[ 000403] Note: No Soil Sanples include a nodification
in the conplete reagent recipe (master mx) for IX PCR
reaction. It is necessary to add the sequence of nmPNA
(ggcaagtgtt ctt cgga)to block mtochondria contam nation,
and pPNA (ggctcaaccctggacag) to block chloroplast
contamtat ion.

[000404] PCR Grade H20 (note 1, below) 11.0 pL

[ 000405] 5 Primer Hot MM note?2) 10.0 pL

[000406] Forward prinmer (s5uM)0.5 pL

[000407] Reverse primer (5uM)0.5 pL

[000408] Tenplate DNA 1.0 pL

[000409] 1 ul nmPNA bl ocker (5 uM stock)

[000410] 1 ul pPNA bl ocker (5 uM stock)

[000411] Total reaction volunme 25.0 pL

Fungi: |ITS Prep Workfl ow

[ 000412] 1. Prepare a 96 well plate format with DNA
sanpl es .
[ 000413] 2. Prepare 8 different mnmixes per each 8

different primer FWand mliQ water. (0.5ul x 12 wells) +
(6 ul mMliQ water x 12 wells)
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[ 000414] 3. Add each Mx in the different wells in
Colum 1 of the 96 well plate.

[ 000415] 4. Distribute 6.5ul per well in horizontal
direction in the plate.

[ 000416] 5. Prepare 12 different mnmx per each 12

different prinmer RV and mliQ water. (0.5ul x 8 wells) + (7
ul of mliQ water x 8 wells) .

[ 000417] 6 . Distribute 7.5ul per well in vertical
direction in the plate.

[ 000418] 7. Wth a multichannel distribute [lul of
DNA in each well in horizontal direction.

[ 000419] 8 . Put the plate in the thernocycler and
start

[ 000420] 9. When 5 minutes after start the first

cycle, open the thernocycler tap and without renove the
plate add |Qul of Five Prine Hot Master Mx per well.

[ 000421] Conpl ete reagent recipe (master mx) for IX
PCR reaction

[ 000422] PCR Grade H20 (note 1, below) 13.0 pL

[000423] 5 Primer Hot MM note2) 10.0 pL

[ 000424] Forward primer (5umM)0.5 pL

[ 000425] Reverse prinmer (5uM)0.5 pL

[000426] Tenplate DNA 1.0 pL

[ 000427] Total reaction volume 25.0 pL

[ 000428] 1. Five Prinme Hot Master MXx (5 prine)

[ 000429] 2. Final primer concentration of master
mx: 0.2 uM

[ 000430] Thernocycler Conditions for 96 well
t hernocycl er s:

[ 000431] 1. 94°C 7 minutes

[ 000432] 2. 94°C 20 seconds
[ 000433] 3. 55°C 20 seconds
[ 000434] 4. 72°C 40 seconds
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[000435] 5. Repeat steps 2-4 40 tinmes
[000436] ©6. 72°C 10 m nutes
[000437] 7. 4°C HOLD
[ 000438] Table 3: ITS priners FW
[000440] AATGATACGGCGACCACCGAGATCTACACA
[000439] CGACGTGACTCAGGCAAACACCTGCGGARGGATCA
ITSf_SC501
[000442] AATGATACGGCGACCACCGAGATCTACACA
[000441] TATACACACTCAGGCAAACACCTGCGGARGGATCA
ITSf_SC502
[000444] AATGATACGGCGACCACCGAGATCTACACC
[000443] GTCGCTAACTCAGGCAAACACCTGCGGARGGATCA
ITSf_SC503
[000446] AATGATACGGCGACCACCGAGATCTACACC
[000445] TAGAGCTACTCAGGCAAACACCTGCGGARGGATCA
ITSf_SC504
[000448] AATGATACGGCGACCACCGAGATCTACACG
[000447] CTCTAGTACTCAGGCAAACACCTGCGGARGGATCA
ITSf_SC505
[000450] AATGATACGGCGACCACCGAGATCTACACG
[000443] ACACTGAACTCAGGCAAACACCTGCGGARGGATCA
ITSf_SC506
[000452] AATGATACGGCGACCACCGAGATCTACACT
[000451] GCGTACGACTCAGGCAAACACCTGCGGARGGATCA
ITSf_SC507
[000454] AATGATACGGCGACCACCGAGATCTACACT
[000453] AGTGTAGACTCAGGCAAACACCTGCGGARGGATCA
ITSf_SC508
[ 000455] Table 4: ITS primers RV
[000457] CAAGCAGAAGACGGCATACGAGATACCTAC
[000456]

5833R_SC701

TGCCATCCCCGGCTGAGATCCRTTGYTRAAAGTT
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[ 000458]
58S3R_SC702

[ 000459] CAAGCAGAAGACGGCATACGAGATAGCCCT
ATCCATCCCCGECTGAGATCCRTTGYTRAAAGT T

[ 000460]
58S3R_SC703

[ 000461] CAAGCAGAAGACGGCATACGAGATAGTCTA
GACCATCCCCGECTGAGATCCRTTGYTRAAAGT T

[ 000462]
58S3R_SC704

[ 000463] CAAGCAGAAGACGGECATACGAGATCATGAG
GACCATCCCCGECTGAGATCCRTTGYTRAAAGT T

[ 000464]
58S3R_SC705

[ 000465] CAAGCAGAAGACGGCATACGAGATCTAGCT
CGCCATCCCCGECTGAGATCCRTTGYTRAAAGT T

[ 000466]
58S3R_SC706

[ 000467] CAAGCAGAAGACGGECATACGAGATCTCTAG
AGCCATCCCCGGCTGAGATCCRTTGYTRAAAGT T

[ 000468]
58S3R_SCr07

[ 000469] CAAGCAGAAGACGGECATACGAGATGAGCTC
ATCCATCCCCGECTGAGATCCRTTGYTRAAAGT T

[ 000470]
58S3R_SC708

[000471] CAAGCAGAAGACGGECATACGAGATGGTATG
CTCCATCCCCGECTGAGATCCRTTGYTRAAAGT T

[ 000472]
58S3R_SC709

[000473] CAAGCAGAAGACGGCATACGAGATGTATGA
CGCCATCCCCGECTGAGATCCRTTGYTRAAAGT T

[ 000474]
58S3R_SC710

[ 000475] CAAGCAGAAGACGGCATACGAGATTAGACT
GACCATCCCCGCCTGAGATCCRTTGYTRAAAGT T

[ 000476]
58S3R SC711

[000477] CAAGCAGAAGACGGCATACGAGATTCACGA
TGCCATCCCCCECTGAGATCCRTTGYTRAAAGI T

[ 000478]
58S3R_SC712

[ 000479] CAAGCAGAAGACGGECATACGAGATTCGAGC
TCCCATCCCCCECTGAGATCCRTTGYTRAAAGI T

Compl ex sanpl es:

I TS Prep Workfl ow
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[ 000480] Conmpl ex sanples are sanmples with PCR
i nhi bitors. W ne contains many phenols which cause
problems in the PCR procedure depending on their
concentration

[ 000481] Step 1.

[ 000482] 1. Prepare a 96 well plate format wth DNA
sanpl es .

[ 000483] 2. Prepare master mx with priners.

[ 000484] Table 5: ITS prinmers

(0004851 1 [000486] TCCGTAGGTGAACCTGCGG
TS1Fw

[ooo4s7l 1 [000488] TCCTCCGCTTATTGATATGC
TS4Rv

[ 000489] 1. Distribute 24ul per well.

[ 000490] 2. Wth a multichannel distribute Iul of
DNA in each well .

[ 000491] 3. Put the plate in the ternocycler and
start

[ 000492] Conpl ete reagent recipe (master mx) for IX
PCR reaction

[ 000493] PCR G-ade H20 (note 1, below) 13.0 pL

[000494] 5 Primer Hot MM note2) 10.0 L

[ 000495] Forward prinmer (s5uM)0.5 pL

[ 000496] Reverse prinmer (s5uM)0.5 plL

[ 000497] Tenplate DNA 1.0 pL

[ 000498] Total reaction volune 25.0 puL

[ 000499] 1. Five Prinme Hot Master Mx (5 prine:
Item# 2200410)

[ 000500] 2. Final prinmer concentration of nmaster

mx: 0.2 uM
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[ 000501] Thermocycl er Conditions for 96 well
t her mocycl er s:

[ 000502] 1. 94°C 3 minutes

[ 000503] 2. 94°C 20 seconds

[ 000504] 3. 55°C 20 seconds

[ 000505] 4. 72°C 60 seconds

[ 000506] 5. Repeat steps 2-4 35 tinmes
[ 000507] 6. 72°C 10 m nutes

[000508] 7. 4°C HOLD

[ 000509] Step 2.

[ 000510] 1. Prepare 8 different mx per each 8
different primer FWand mliQ water. (0.5ul x 12 wells) +
(6 ul mliQ water x 12 wells)

[ 000511] 2. Add each Mx in the different wells in
Colum 1 of the 96 well plate.
[ 000512] 3. Distribute 6.5ul per well in horizontal

direction in the plate.

[ 000513] 4. Prepare 12 different mx per each 12
different priners R and mliQ water. (0.5ul x 8 wells) + (7
ul of mliQ water x 8 wells) .

[ 000514] 5. Distribute 7.5ul per well in vertical
direction in the plate.

[ 000515] 6 . Wth a multichannel distribute lul of
PCR product produced in the first step in each well in
hori zontal direction.

[ 000516] 7. Put the plate in the thernocycler and
start .

[ 000517] 8. When 5 minutes after start the first

cycle, open the thernocycler tap and w thout renove the
plate add [Qul of Five Prime Hot Master Mx per well.

Shot gun netagenomic : library Prep Wrkflow for a bottled
wi ne sanpl e
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[ 000518] 1. Isolate DNA according to DNA extraction
from Wne (liquid) sanple Protocol
[ 000519] 2. Use TruePrime™ Single Cell WGA (Illum na

Inc., San Diego, CA) kit according to manufacturer
instructions .

[ 000520] 3. Use Nextera XT DNA Library Preparation
Kit (lIllumna, San Diego, CA) according to manufacture
instructions .

[ 000521] Note 1: 16S and ITS protocol are dual index
PCR protocol, wth only 20 different priners its possible
t o sequence 96 sanples. The nethod is adapted from
Devel opnent of a Dual -1 ndex Sequencing Strategy and
Curation Pipeline for Analyzing Amplicon Sequence Data on
the MSeq Illumna Sequencing Platform publication
(Kozinch, J. J. et al ., 2013, Appl . Environ Mcrobiol 79,
5112-5120) by designing and using different priner
sequences .

[ 000522] Note 2: master mx plates can be
stablilizated at roon tenperature using ADN Anpligel Master
M x plastes (Biotools) .

Example 10

c) Library building 2

[ 000523] In addition to the previous library building
nmet hodol ogi es, we have designed and devel oped a new
nmet hodol ogy to build an inproved library to detect bacteria
and fungi nore accurately. We call it "Precision
nmet agenom ¢ protocol applying dual phylogenetic markers
with sigle cell epicPCR (Emulsion, Paired Isolation and
Concatenation PCR) ."

[ 000524] 16S rDNA is a powerful phylogenetic marker
commonly wused for profiling diversity in mcrobial sanples,
yet its use is associated with known problens including
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bi ases introduced by copy-nunber variations, variability in
anplification efficiency, inconsistencies when targeting
different regions of the gene, and problems wth accurately
and consistently delineating prokaryotic species. To solve
these problens we use 16S rDNA in conbination wth another
si ngl e-copy marker gene. This results in prokaryotic
speci es boundaries at higher resolution than 16S rDNA

[ 000525] Use of both markers guarantees identification
of mcrobial diversity at the strain level. It is a new and
powerful tool which can be applied to describe mcrobial
communities in any sanple.

[ 000526] The inproved protocol is based on the
follow ng publication: Spencer et al., 2015, |ISME J.
http://ww.nature .conf i snej/journal /vaop/ ncurrent /full /isme
j 2015124a. ht m

[ 000527] However, nost inportantly, we do not conbine
the 16S region with a functional gene, we conbine the 16S
region with one of the gene markers region described in
Sunagawa, S. et al ., 2013, Nat Methods 10: 1196-1199.

[ 000528] A selection of genes we are now testing is
found in Table 6.

[ 000529] Table 6: Phylogenetic nakers to conbine wth
16S gene narker

[000532] 1
[000531] ;
[000530] COG name ean length in
0G 3496 genomes
[000533] Predicted
| [000534] [000535]
GTPase, probable translation 099
0G0012
factor
[000536] Phenylalanyl- [000537]
. [000538]
tLRNA synthetase alpha subunit | 0G0016
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058
[000539]  Arginyl-tRNA [ 000540] [ 000541]
synt het ase 0x0018 721
[000542]  Seryl -tRNA [ 000543] [ 000544]
synt het ase 00172 285
[000545]  Cysteinyl-tRNA [ 000546] [000547]
synt het ase 0215 415
[000548]  Leucyl -t RNA [ 000549] [ 000550]
synt het ase 0&495 o571
[000551]  Val yl -t RNA [ 000552] [000553]
synt het ase 0O&525 722
[ 000554] Met al -
dependent t o [ 000555] [000556]
ependen roteases W
> ° o 00533 054
possi bl e chaperone activity
[ 000557] Si gnal
" Cicle GIP [ 000558] [000559]
recognition particle ase
N P Q0541 415
(Ffh)
000560 Si gnal
[. G ] . gl P [ 000561] [000562]
recognition particle ase
; P Q0552 189
(FtsY)
000563 RNA pol ynmer ase
! ] poly [ 000564] [ 000565]
subunit gene (rpoB) ,

d) P re- sequenci ng: pool

[ 000566] Most  of
next steps to prepare
[ 000567] Cl eanup,

t he descri bed

for

preparation

libraries
sequenci ng:
Nor mal i zat i on,
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ITS libraries .

[ 000568] Use the Sequal Prep Thernmo Fisher Scientific,
Waltham MA. Nornalization Plate Kit

[ 000569] 1. Transfer 20 -1 of PCR product from PCR
plate to corresponding well on the normalization plate.

[ 000570] 2. Add 1201 of Binding Buffer. Mx by
pi petting, sealing, vortexing, and spinning briefly.

[ 000571] 3. I ncubate at room tenperature for 60
m nutes. Note: can incubate overnight if needed. Extra tine
does not inprove results.

[ 000572] 4. Aspirate the liquid from the wells. Do
not scrape the sides.

[ 000573] 5. Add 50 -1 of Wash Buffer and pipette up
and down twice, then aspirate imediately. Ensure there is
no residual wash buffer in any wells.

[ 000574] 6 . Add 20 -1 of Elution Buffer. Mx by
pi petting up and down 5 tinmes. Seal, vortex, and spin

briefly .
[ 000575] 7. I ncubate at room tenperature for 5
m nutes .
[ 000576] 8. Create a pool from each plate. Take 10

-1 of each well to pool.

[ 000577] 9. Concentrate the pool in a SpeedVac

[ 000578] 10. Freeze the remmining sanple for later
use .

For the Shotgun metagenomi c the protocol to properly
prepare for sequenci ng change.
[ 000579] Normal i zati on, and Pooling

[ 000580] 1. Measure the sanples in a fragment

anal yzer or Bioanalyzer nmachine.
[ 000581] 2. Dilute the sanples to 2nM concentration.
[ 000582] 3. Pool the samples in a equinolar
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concentration
[ 000583] 4. Sequencing according the Mseq protocol.

Exanple 11

e) Next - Gener ati on Sequenci ng ( NGS)

[ 000584] The Sequencing can be done with any available
technology the unique requirenent is add to the original
gene marker primer and index sequence the specific adaptor
sequence related with the sequencing technol ogy.

[ 000585] In this case we are going to describe the use
of the technique with Illumna Mseq. We should follow the
Sequencing instructions according with the custom protocol.

[ 000586] 1. Place 100 -1 of the Read 1 (lQuM
Sequencing Priner (s) into a clean PCR tube. Repeat in
separate tubes for the Index Priner (s)y and Read 2
Sequencing Priner (s) .

[ 000587] Table 7: Sequencing 16S priners

[000588] Readl [000589] GAATAGTTGGGAGTGYCAGCMG
515f " | ccecoaTAR

[000590] Read?2 [000591] CGCCAGTCAGCCGGACTACHVG
8061 " | GGTWTCTAAT

[000592] IndexR [000593] ATTAGAWACCCBDGTAGTCCGG
ead 806 CTGACTGGCG

[ 000594] Table 8: Sequencing |ITS priners

[ 000595] Readl B

| TSt [ 000596] ACTCAGGCAAACACCTGCGEA
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RGGATCA

[000597] Read2 B [ 000598]  CCATCCCCGGCTGAGATCCRT

5S3r TGYTRAAAGIT
[ 000599] | ndexRe [ 0006 00] AACTTTYARCAAYGGATCTCA
ad_B5 8SRr GCCGEEEATGG

[ 000601] 2. Using a 1000 -1 pipette tip, break the
foil over wells 12, 13, 14, and 17.

[ 000602] 3. Use an extra long 100 -1 tip wth the
pi pettor set on 75 -1 to transfer the 30 -1 of Read 1
Sequencing Priner to the bottom of well 12 and pipette 10X
to mx. Repeat this process spiking the Index Priner into
well 13 and the Read 2 Sequencing Primer into well 14,

[ 000603] 4. Prepare a fresh dilution of 0.2N NaCH.

[ 000604] 5. To a 1.5m tube add 5 -1 of library 2nM
and 5 -1 of 0.2N NaOH Vortex and wait 5 mnutes. Add 990
ul of Hybridization Buffer and 200ul of adapter-Iigated
control library based in PhiX previously denatured wth
0.2N NaCH to 20% final concentration of PhiX. Add 600ul in
the well sanple.

Exanple 12
[ 000605] One of our greatest discoveries is that it is
possible to mx different libraries in the same run of the
NGS sequencer. In the following lines we described the step

followed to perform this achievement in one of the nost
common sequencing platforms as Illumna' s MSeq, however,
can be adapted to other sequencing platforns.

[ 000606] Sequencing 16S and ITS libraries in the sane
M seq Run.
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[ 000607] 1. Pool equinolar (nM 16S and ITS
libraries
[ 000608] 2. Place 100 -1 of the Read 1 (lQuM

Sequencing Primer (s) into a clean PCR tube. Repeat in
separate tubes for the Index Primer (s) and Read 2
Sequencing Prinmer (s) .

[ 000609] 3. Mx 30ul of the read 1 16S prinmer (lIQuM
with 30ul of the read 1 ITS primer (IQuM

[ 000610] 4. Mx 30ul of the read 2 16S prinmer (lIQuM
with 30ul of the read 2 ITS primer (IQuM

[ 000611] 5. M x 30ul of the Index 16S primer (lIQuM
with 30ul of the Index ITS primer (IQuM

[ 000612] 6 . Using a 1000 .1 pipette tip, break the
foil over wells 12, 13, 14, and 17.

[ 000613] 7. Use an extra-long 100 -1 tip with the

pi pette set on 75 -1 to transfer the 60 -1 of mx 16S and
ITS Read 1 Sequencing Primer to the bottom of well 12 and
pipette 10X to mx. Repeat this process. Spiking the Index

Mx Primer into well 13 and the Read 2 M x Sequencing
Primer into well 14
[ 000614] 8 . Prepare a fresh dilution of 0.2N NaCH .
[ 000615] 9. To a 1.5m tube add 5 -1 of library 2nM

and 5 -1 of 0.2N NaOH Vortex and wait 5 mnutes. Add 990
ul of HTI and 200ul of PhiX previusly denature with 0.2N
NaOH to 20% final concentration of PhiX Add 600ul in the
wel | sanpl e.

Exanple 13

Data Processing

[ 000616] The pipeline is programmed to run on a custom
made cloud-based conmputing platform such as Amazon Machine
Imge (AM) on Amazon Wb Services, Mcrosoft Azure C oud
Conputing, or Conpute Engine on Google Coud Platform The
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instance is able to connect directly to BaseSpace via
Il1lumna's Basenount program
(https ://basenpbunt .basespace .illumna .com

[ 000617] The pipeline is a bash script that waps the
followng free prograns along with custom Unix commands.

[ 000618] We have developed this inproved tool to
ensure that all the m crobiol ogical information is
generated wunder the sane standard and it is easily
conpar abl e .

[ 000619] In the followi ng paragraphs we wll described
the steps done by this pipeline in order to process all the
genetic information generated by NGS.

a) Quality filter

[ 000620] 1. Renove any reads that align to PhiX wth
Bowie2 (free, http://bowie-
bi o .sourceforge .net /bowt ie2/index .shtm ).

[ 000621] 2. Renove prinmers and Illumna adapters
from reads with Cutadapt (free,
https ://cutadapt .readthedocs .org/ en/ stable/ ).

[ 000622] 3. Quality filter reads based on Q scores
with QINMEs split_libraries_f astq.py script
(free, http://qiime .org/ scripts/split_librar ies_f astq.htnl

[ 000623] Cut each read at the first three bases in
which the average Q score is less than 20. If the chopped
sequence is at least 75% as long as the original sequence,
then keep that read.

b) Li nki ng pair end sequenci ng

[ 000624] It is possible to analyse with and w thout
pairing end reads. We have devel oped analyses wthout this
pairing. We use Pear (free, http://sco.h-
its.org/ exelixis /web/ sof tware/pear /).

c) G oup sequences

[ 000625] The pipeline can pick OTUs using two
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different algorithns: QIME open reference (free,
http ://qiime .org/ scripts /pi ck_open_reference_ot us.htm ),
and m nimum entropy deconposition (MED, free,
http: //merenl ab. org/ 2014/11/ 04/ med/)

d) Dat abase mat chi ng

[ 000626] For QIME open reference OTU picking with 16S
sequences, the initial reference alignnent step is against
the SILVA database. Taxonony is assigned to representative
sequences for each OIU (QIMe and MED) according to SILVA
For | TS sequences, UN TE database is used.

e) Definition of data format for integration

[ 000627] The pipeline produces two main tables. One
table of OIU abundances by sanple. The other table has the
correspondi ng taxonony for each OTU.

f) Dat abase itself

[ 000628] All the data are storage in servers according
the database structure designed by us. Al fields are
related among them and it is possible the devel opnent of
big data nmining techniques. Qur know edge stack is based in
different databases/tables:

[ 000629] -DNA sequences coning from the different
sanples: Raw DNA data extracted from the NGS technol ogy,

[ 000630] -Filtered and processed Cenetic Infornation:
Mainly the phylogenetic track and abundances of the
different mcrobial species found in each sanple

i ndependently of the kind of sanple: soil, fruit, or
[iquid.
[ 000631] -Met atranscr iptomic information for each

sanple: RNA information to identify gene expression.

[ 000632] -Client database: information related to
client and users.

[ 000633] -Sanpl e netadata: non-genetic information
related to the different sanples as location, grape
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variety, sanpling date and hour, chemical conditions,
additives or any other information providing useful inputs
to enable conparison and data understanding.

[ 000634] -Auxiliary data: different auxiliary
information processed and storage digitally which increase
the value of the data generated by NGS and facilitate the
understanding and conprehension of the information.
Different groups have been devel oped here:

[ 000635] a. Geogr aphi cal Information System (G359
as for exanple w ne regions, geography, climte, weather,
soil composition, and other simlar GS data |ayers.

[ 000636] b. M cr oor gani sns' profiles: specific
information related to the effect of each microbial species
and string to the w nemaking process. This information
i ncludes assessnent (positive/negative) and abundances
threshold of the effect in the wne.

[ 000637] C. M croorgani sms ' genones: Wole genone
dat abase for each of the fernentation species. We are
building this specific database to inprove the species
identification (Database matching, letter d of this
section) and increase the understanding of the specific
species /string 's influence in wine and other food products.

Exanple 14

Data Intelligence

a) Data visualization

[ 000638] This technol ogy produces big anount of
het erogeneous data which could be used to provide
interesting inputs for viticulturist and w nemakers. We
have devel oped different visualization tools for the
generated data, especially those linked to soil sanples.
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[ 000639] Somre of the visualization tools we
devel oped/ coded and specifically designed for the w ne
industry. Sone of the mamin features are interactivity,
utility and design.

b) G S information: map |ayers

[ 000640] Keeping in mind that we have geographical
information of the sanples, we have designed specific tools
t o use Geographical Information Systems (GS) to generate
under st andabl e  know edge.

[ 000641] These tools use different A S layers as
for exanple w ne regions, geography, climate, weather, soil
conposition, and other simlar G S data l|layers. Sonme of the
| ayers have been developed by us and other are open data.

[ 000642] For instance related to Wne Region 4GS
| ayer, we have gathered geographical information of the
wine regions worldwide. At this stage we have information
for USA, France, Spain, Italy, and Portugal. We plan to
start to paraneterize +the wine regions in other European
countries, as well as the rest of the world. At this nonent
we have identified nmore than 1,500 wi ne regions worldw de.

[ 000643] A Geo-map identifying the different w ne
regions and the microbione profile, highlighting the
presence of the M cro-Wne-Mkers is in preparation. This
map will also match different grape varieties and
m crobiome profile worldw de.

c) Know edge related to fernetation species

[ 000644] This technology helps to identify and
gquantify all the fernentation species from bacteria and
fungi kingdons for different sanples.

[ 000645] In the w nenmaking process sone of these
species are conpletely new unseen before and for this
reason we have generated knowl edge about who are the real
fermentation species in wnemaking, the M cro-Wne-Mkers,
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in form of different species profiles including information
about its origin, picture, and influence in wne.

[ 000646] Presently, we have collected information for
nore than 200 species. Appendix C lists of sone species

di scovered in the different sanples and their influence in
W ne .

[ 000647] We have al so devel oped a nethodology to
assess if the abundance of the specific species in any kind
of sanple is appropriate or indicative of a warning/alert.

d) M crobial profile report

[ 000648] We have designed a digital report including
information structured in different sections which are
accessible through a session in our proprietary portal:

[ 000649] -Dashboard: listing all the client's data,
including general overview of their status, and basic
conparison information anong all the client sanple data
specially focus in findings of the m crobione.

[ 000650] -Sample information: Specific sanple
information screened in different ways, focusing in the
findings of microbione in the soil sanples and assessing
the threshold to determine if the mcrobiome proportions
raise any alerts.

[ 000651] -Mcrobiome profiles: Specific fernmentation
species information including a picture and descriptions
about its influence in wne.

[ 000652] -Client profile: wuser and client basic
information as nane, address, contact details, conpany,
type of business and other simlar information used to
identify the client.

e) Data m ning and big data techni ques

[ 000653] Sonme data mining and big data techniques are
used to nmake queries to our databases and get useful
information especially interesting to better understand the
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rel evance of the mcrobionme profile in products as wne. An
interesting exanple of the outcomes of this process is the
mat ching between the conposition of the mcrobione

community in the wine and the organoleptic characteristics

(flavours /taste ) of the wi ne.

[ 000654] This allows us to provide prescription/
recoormendation to industry (Precision enology) and
consuners (personalized product prescription)

f) Soci al Network based in mcrobiological data

[ 000655] Qur users can conmunicate and create a social
network once they log into our client portal. This is going
to be a new network around the mcroorganisns in wne
i ndustry .

Exanple 15
Whol e Genone Sequenci ng
[ 000656] Whol e genone hi gh-throughput sequencing and

annotation can be used to identify genes and single
nucl eoti de pol ynorphisnms (SNPs) between Saccharonyces
cerevisiae strains and other non Saccharonyces species
involved in wine fernmentation process.

[ 000657] Yeasts selected provide specific and
desirabl e phenotype with fernentation characteristics
knowi ng and represent 80% of commercial world yeast.

[ 000658] The objective of this work is to connect the
phenotype known with the genotype of these strains to
provide tools to:

[ 000659] -BEvaluate the potential fernmentation
characteristics of wild yeast w thout use fernentation
experinments

[ 000660] -Quality Control of organic wneries.

[ 000661] -Provide tools to prevent fraudulent use of
comercial yeasts.
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Example 16

[ 000662] Detect grape variety in wne sanples
previously to bottle

[ 000663] Using the sanme protocol for library building
described for analyzing bacteria kingdom (Bacteria Kingdom
16S Prep Workflow) , we can detect chloroplast and
n t ochondri al DNA from the plant to define the type of
grape (variety) . Simlar prinmers as described for the
bacteria protocol above are used.

[ 000664] We use mininum entropy deconposition analysis
protocol to differentiate this reads at SNP level. Wth
this we can group chloroplast and mtochondrial DNA reads
and differentiate the type of grape in the sanple conparing
the reads with our chloroplast and mnitochondrial DNA
dat abase .

Example 17
Kit s/ product s
Terroir identity
[ 000665] http://ww. wi neseq. com A Genonic soil

test to identify all the bacteria and yeast unique to a
specific terroir. The result is presented in a digital
report accessible through a private session at the
proprietary portal.

[ 000666] Users will wunveil the w ne-related
fernmentation species of bacteria & yeast, and wll detect
potential biological contanination.

[ 000667] The benefits of this service are:

[ 000668] -ldentify the native Mcro Wne Mkers (MW
or fernmentation species in the soil which make your wne
uni que .

[ 000669] -Conpare different areas of a vineyard or
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different vineyards to characterize |ocal scale differences
in the mcrobial terroir.

[ 000670] -Conpare a soil mcrobiome to other regions

[ 000671] -Estimate the organoleptic potential of a
Wi ne

[ 000672] -Assess necessity of inoculunms and sulfur
doses

[ 000673] -Anticipate contam nation due to unwanted

nm croor gani sns

[ 000674] This service will allow collection of data
comng from vineyard soils from different part of the world
to increase the anobunt of data and enpower a geo-nap.

W ne DNA

[ 000675] Thi s met hodol ogy defines the Genone of the
wi ne, a genuine genetic DNA footprint, which could be
included as a label in the bottle and will provide a new
and innovative tool to identify and differentiate w nes.
The DNA of wine can be used to target consuners and rank
wines. It creates a microbiological fingerprint of the wne
along the w nemaking process, from soil to the bottle,
creating a unique identity of the wine which can be
| abel led as Wne 's Genone.

[ 000676] As we understand better the m crobione
influence in the wine, conclusions, for exanple that sone
specific species are present in quality vineyards, or in a
specific wine region can be nade. Specific bio-fertilizers
to replicate the sanme conditions of a quality vineyard can
be produced and utilized.

[ 000677] Al so, bio-based control tools designed to
avoid possible problems in a certain phases of vinification
process can be applied. For exanple, depending on our
anal ysis of the soil mcrobione, we can state if that soil
has organic properties and has been cultivated
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environmental |y sustainable. The "Genetic Friendly Label™
is our first labelling product and it is used for soil
guality assessnent at a certain nonent.
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Appendix A

# Constructed from biom file - Bacteria

#OTU ID

D 0_ Archaea;D | _ Euryar chaeota ;D 2_ _Hal obacter ia;D_3__ Hal obacter iales ;D 4_ Deep Sea
Hydrothermal Vent Gp 6 (DHVEG 6);D 5 _uncultured archaeon

D O_ Archaea ;D | _ Euryar chaeota ;D_2__Hal obacter ia;D 3_ Hal obacter iales ;D 4_ Deep Sea
Hydrothermal Vent Gp 6 (DHVEG 6);D 5 uncultured euryar chaeote

D 0_ Archaea ;D | _ Euryar chaeota ;D 2_ _Hal obacter ia;D _3__ Hal obacter iales ;D 4_ Hal obacter iac
eae;D5__ Halorientalis

D 0__Archaea ;D_| _ _Euryar chaeota ;D 2__Hal obacter ia;D_3__Hal obacter iales ;D 4__ Hal obacter iac
eae;D5__ _Haloterr igena

D O_ Archaea ;D | _ Euryar chaeota ;D 2_ _Hal obacter ia;D 3__Hal obacter iales ;D 4_ Hal obacter iac
eae; D 5__ Natronococcus

D 0_ Archaea ;D | _ Euryar chaeota ;D 2_ _Methanobacter ia;D 3__ Methanobacter iales ;D 4_ Mthano
bacter i aceae ;D 5__Met hanobacter ium

D 0__Archaea ;D_| _ _Euryar chaeota ;D 2__Methanobacter ia;D 3__Methanobacter iales ;D 4_ Methano
bact er i aceae ;D 5__ Met hanobrevi bact er

D 0_ Archaea ;D | _ Euryar chaeota ;D 2_ _Methanobacter ia;D 3__ Methanobacter iales ;D 4_ Mthano
bacter iaceae ;D 5__ Mt hanosphaera

D 0__Archaea ;D_| _ _Euryar chaeota ;D 2__Methanobacter ia;D 3__Methanobacter iales ;D 4_ Methano
bacter i aceae ;D 5__Met hanot her nobact er

D 0__Archaea ;D_| _ _Euryar chaeota ;D 2__Methanom crobia ;D 3__ Methanocellales ;D 4__ Methanocel
laceae ;D 5__Met hanocel |l a

D O_ Archaea ;D | _ Euryar chaeota ;D 2__Methanomicrobia ;D 3_ Methanocellales ;D 4_ Methanocel
laceae ;D5 Rice Custer |

D 0__Archaea ;D_| _ _Euryar chaeota ;D 2__Methanom crobia ;D 3__Methanonicrobiales ;D 4_ Methano
m crobi aceae ;D 5__ Met hanocul | eus

D 0O_ Archaea ;D | _ Euryar chaeota ;D 2_ _Methanom crobia ;D 3__ Methanosar cinales ;D 4_ Methanos
ar ci naceae ;D 5___Met hanosar cina

D 0__Archaea ;D_| _ _Euryar chaeota ;D 2__Thernopl asmata ;D _3__Thernoplasnatales ;D 4_ _ASC21;D 5
uncul tured archaeon

D 0__Archaea ;D | _ _Euryar chaeota ;D 2__Thernopl asmata ;D _3__Thernopl asnatales ;D 4__ Marine
Goup I11;D 5 uncultured archaeon

D 0__Archaea ;D_| _ _Euryar chaeota ;D 2__Thernoplasmata ;D 3___Thernoplasnatales ;D 4_ Terrestr i
al Mscellaneous Cp (TMEG ;D 5_ uncultured archaeon

D O_ Archaea ;D | _ Euryar chaeota ;D 2__Thernoplasmata ;D _3__ Thernopl asmatales ;D 4_ Terrestr i
al M scellaneous Gp (TMEG ;O her

D 0__Archaea ;D_| _ _Euryar chaeota ;D 2__Thernopl asmata ;D 3___Thernopl asnatales ;D 4__ Thernopl a
smatales Incertae Sedis; D5 __ Methanonassiliicoccus

D 0_ Archaea ;D | _ Euryar chaeota ;D 2__Thernoplasmata ;D 3__ Thernopl asmatal es ;O her ;O her

D 0__ Archaea ;D _1__ Thaunmar chaeota ;D 2__ Marine Goup |;D 3__Unknown Order ;D 4__ Unknown
Fam ly; D 5__Candidatus N trosoar chaeum

D 0__Archaea ;D_| _ Thaunmar chaeota ;D 2__M scel |l aneous Crenar chaeotic Goup; D 3 __uncul tured
archaeon;D4 ;D5

D 0__Archaea ;D_1_ Thaunar chaeota ;D 2__Soil Crenar chaeotic G oup (SCG ;D 3__Unknown
Oder ;D4 _Unknown Famly; D5 Candidatus N trososphaera

D 0__Archaea ;D_| _ Thaunar chaeota ;D 2___Soil Crenar chaeotic G oup (SCG ;D 3__uncul tured
archaeon ;D4 ;D5

D 0__Archaea ;D_| _ Thaunar chaeota ;D 2___Soil Crenar chaeotic G oup (SCG ;D 3__uncul tured
crenar chaeote ;D4 ;D5

D 0_ _Archaea ;D | _ _Thaumar chaeota ;D 2_ Soil Crenarchaeotic G oup (SCG ;O her ;O her ;O her

D 0_ Archaea ;D _1__ Thaunar chaeota ;D 2__ South African Gold Mne Gp 1(SAGMCG | );D_3__Unknown
Order ;D 4__Unknown Famly; D5__Candidatus N trosotal ea

D 0__Archaea ;D_| _ _Thaunar chaeota ;D 2__ _South African Gold Mne Gp 1(SAGVCG
1);D 3__uncultured archaeon;D 4 _ ;D5
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D 0__Archaea;D | __ Thaumar chaeota;D 2__South African Gold Mne G 1(SAGVG -

1) ;G her ;O her ;O her

D 0_ Archaea ;D | _ Thaumar chaeota;D 2_ _terrestrial
archaeon;D 4__ ;D5

group; D 3__uncul tured

D 0__Archaea;D 1__Thaumar chaeota;D_2__terrestrial
crenar chaeote;:D4 ;D5

group; D 3__uncul tured

D O_ Bacteria;D|__ Acidobacteria ;D _2__Aci dobacteria ;b_3__AT-s3-2 8;D 4__uncul tured

bacterium D5

D 0 Bacteria; DI__ Acidobacteria ;D 2__Aci dobacteria ;b_3__Acidobacter iales;D 4 Acidobacte
riaceae (Subgroup 1);D 5 __Acidicapsa

D 0__Bacteria; DI__ Acidobacteria ;D 2 Acidobacteria ;Db_3__Aci dobacter iales;D 4__Acidobacte
ri aceae (Subgroup 1);D 5__Acidobacter ium

D 0 Bacteria; DI__Acidobacteria ;D 2__Aci dobacteria ;b_3__Acidobacter iales;D 4 __Acidobacte
riaceae (Subgroup 1);D5__Bryocella

D 0 Bacteria; DI__ Acidobacteria ;D 2__Aci dobacteria ;b_3__Acidobacter iales;D 4 Acidobacte
riaceae (Subgroup 1):;D 5 Candidatus Koribacter

D 0 Bacteria; DI__ Acidobacteria ;D 2__Aci dobacteria ;b_3__Acidobacter iales;D 4 __Acidobacte
riaceae (Subgroup 1);D 5 _FEdaphobacter

D 0__Bacteria; DI__ Acidobacteria ;D 2_ Acidobacteria ;Db_3__Aci dobacter iales;D 4__Acidobacte
riaceae (Subgroup 1);D 5 Ganulicella

D 0__Bacteria; DI__ Acidobacteria ;D 2__Acidobacteria ;b_3__Aci dobacter iales;D 4__Acidobacte
riaceae (Subgroup 1);D 5 Tel matobacter

D 0 Bacteria; DI__ Acidobacteria ;D 2__Aci dobacteria ;b_3__Acidobacter iales;D 4 Acidobacte
riaceae (Subgroup 1);D 5 Terrigl obus

D 0__Bacteria; DI__ Acidobacteria ;D 2__Acidobacteria ;p_3__Aci dobacter iales;D 4__Acidobacte
riaceae (Subgroup 1);D 5 uncultured

D 0 Bacteria; DI__ Acidobacteria ;D 2__Aci dobacteria ;b_3__Acidobacter iales;D 4 Acidobacte

ri aceae (Subgroup 1);O her

D 0__Bacteria;D|___Aci dobacteria
bacterium D5

iD_2__Aci dobacteri

a

ib_3__FFCH59 09;D 4_ _uncul tured

D 0__Bacteria;D | __Aci dobacteria
Aci dobacteria bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

11;D 4_ _uncul tured

D 0__Bacteria;D|___Aci dobacteria
bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

11;D_4  uncul tured

D 0__Bacteria;D|___Aci dobacteria
bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

12;D_4_ _uncul tured

D 0__Bacteria;D|___Aci dobacteria
bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

13; D 4_ _uncul tured

D 0_ Bacteria;D.|__ Acidobacteria ;D_2__Aci dobacteri

a

7D_3__Subgroup

13; Gt her; O her

D 0__Bacteria;D|___Aci dobacteria
bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

15; D 4_ _uncul tured

D 0_ Bacteria;D|__ Acidobacteria ;D_2__Aci dobacteri

a

7D_3__Subgroup

15; O her ;O her

D 0__Bacteria;D | __Acidobacteria
Aci dobacteria bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

17;D_4_ _uncul tured

D 0_ Bacteria ;DI __Acidobacteria
Aci dobacter iales bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

17;D_4_ _uncul tured

D 0__Bacteria;D|___Acidobacteria
bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

17;D_4_ _uncul tured

D 0_ Bacteria;D.|__ Acidobacteria ;D_2__Aci dobacteri

a

7D_3__Subgroup

17; O her ;O her

D 0__Bacteria;D|___Acidobacteria
bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

18;D_4_ _uncul tured

D 0__Bacteria;D|___Acidobacteria
bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

19;D_4__ uncul tured

D 0__Bacteria;D|___Acidobacteria
bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

2;D 4__uncul tured

D 0__Bacteria ;D | __Acidobacteria
forest soil bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

2;D 4__uncul tured

D 0_ Bacteria;D.|__ Acidobacteria ;D_2__Aci dobacteri

a

7D_3__Subgroup

2;C her ;O her

D 0__Bacteria;D|___Acidobacteria
bacterium D5

iD_2__Aci dobacteri

a

7D_3__Subgroup

20;D 4_ _uncul tured
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D 0_ Bacteria; D_I__Acidobacter ia;D 2__Aci dobacteri
Aci dobacter ia bacterium D5

a

;D_3__ Subgroup

25;E_4__uncul tured

D O0_ Bacteria ;D 1__Acidobacter ia;D 2__Aci dobacteri
bacterium D5

a

;D_3__ Subgroup

25;E_4__uncul tured

D O0_ Bacteria ;D 1__ Acidobacter ia;D 2__Aci dobacteri
3;D 4 AKIW59 ;D 5  uncultured bacterium

a

;D_3__ Subgroup

D O0_ Bacteria ;D 1__Acidobacter ia;D 2__Aci dobacteri
1166; D 5_ uncultured bacterium

a

;D_3__ Subgroup

3:DA__Elev-16S

D O0_ Bacteria ;D 1__Acidobacter ia;D 2__Aci dobacteri
1166; D 5_ uncultured soil bacterium

a

;D_3__ Subgroup

3:DA__Eev-16%

D O0_ Bacteria ;D 1__Acidobacter ia;D 2__Aci dobacteri
1166; Ot her

a

;D_3__ Subgroup

3:DA__Eev-16S

D O0_ Bacteria ;D 1__ Acidobacter ia;D 2__Aci dobacteri

3;D 4_ PAUC26f ;D 5 uncultured bacterium

a

;D_3__ Subgroup

D O0_ Bacteria ;D 1_ Acidobacter

ia;D _2__Acidobacteri

a

;D_3__ Subgroup

:D_A_ _PAUC26f; Ot her

D O0_ Bacteria ;D 1_Acidobacter
149; D 5 uncultured bacterium

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

;D A_ _SIA

D O0_ Bacteria ;D 1_Acidobacter

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

“D_A_ _SJA- 149; Ot her

D 0_ Bacteria ;D 1_ Acidobacter
Family; D5  Bryobacter

ia;D _2__Acidobacteri

a

;D_3__ Subgroup

:D_A_ Unknown

D O0_ Bacteria ;D 1_Acidobacter

ia;D_2__Acidobacteri

Family; D5 Candidatus Solibacter

a

;D_3__ Subgroup

:D_A_ Unknown

D O0_ Bacteria ;D 1_ Acidobacter
Fam ly; O her

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

:D_A_ Unknown

D O0_ Bacteria ;D 1_ Acidobacter

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

D 0_ Bacteria ;D 1_Acidobacter
24;D 5 __uncul tured Acidobacter

ia;D_2__Acidobacteri
ia bacterium

a

;D_3__ Subgroup

D 0_ Bacteria ;D 1_Acidobacter
24;D 5  uncultured bacterium

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

D O0_ Bacteria ;D 1_Acidobacter

ia;D_2__Acidobacteri

24;D 5  uncultured proteobacter ium

a

;D_3__ Subgroup

Ot her ;O her
:D_A_ 11-
:D_A_ 11-
:D_A_ 11-

D O0_ Bacteria ;D 1_Acidobacter

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

:DA_ 11-24; Ot her

D O0_ Bacteria ;D 1_Acidobacter

ia;D _2__Acidobacteri

100; D 5_ uncul tured Acidobacter ia bacterium

a

;D_3__ Subgroup

D O0_ Bacteria ;D 1_Acidobacter

ia;D _2__Acidobacteri

100; D 5__uncul tured Acidobacter iales bacterium

a

;D_3__ Subgroup

D O0_ Bacteria ;D 1_Acidobacter
100; D 5_ uncultured bacterium

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

;D_A_ _Ds-
;D_A_ _Ds-
;D_A_ _Ds-

D O0_ Bacteria ;D 1_Acidobacter

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

:D_A_ _DS-100; O her

D O0_ Bacteria ;D 1_ Acidobacter

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

"DA__Elev-165

573; D 5_ uncul tured bacterium

D O0_ Bacteria ;D 1__Acidobacter ia;D 2__Aci dobacteria ;b_3___ Subgroup

4;D 4 RBA1;D 5  uncul tured Acidobacter ia bacterium

D O0_ Bacteria ;D 1__ Acidobacter ia;D 2__Aci dobacteria ;b_3___ Subgroup
;D4 _RB41;D 5  uncultured bacterium

4
D 0_ Bacteria ;D 1_Acidobacter

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

:D_A_ _RB41,- O her

D 0_ Bacteria ;D 1_Acidobacter
Family; D5 Blastocatella

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

:D_A_ Unknown

D 0_ Bacteria ;D 1_Acidobacter
Aci dobacter ia bacterium D5

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

;D A_ _uncul tured

D O0_ Bacteria ;D 1_Acidobacter
bacterium D5

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

;D A_ _uncul tured

D O0_ Bacteria ;D 1_Acidobacter

ia;D _2__Acidobacteri

a

;D_3__ Subgroup

Ot her ;O her

D O0_ Bacteria ;D 1_Acidobacter
Aci dobacter ia bacterium D5

ia;D _2__Acidobacteri

a

;D_3__ Subgroup

;D A_ _uncul tured

D O0_ Bacteria ;D 1_Acidobacter

ia;D _2__Acidobacteri

Aci dobacter iales bacterium D5

a

;D_3__ Subgroup

;D A_ _uncul tured

D O0_ Bacteria ;D 1_ Acidobacter

ia;D_2__Acidobacteri

a

;D_3__ Subgroup

;D A_ _uncul tured
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bacterium D5

D O_ Bacteria ;D 1__Acidobacteria; D_2_ _Acidobacteria; p_3__ Subgroup 6;D 4__ uncultured soil
bacterium D5

D O0_ Bacteria ;D 1_ Acidobacteria; D 2_ _Acidobacteria; p_3__Subgroup 6;Qher ;O her

D O0_ Bacteria ;D 1__Acidobacteria; D_2_ _Acidobacteria; p_3__ Subgroup 9;D 4__ uncul tured
bacterium D5

D O_ Bacteria ;D 1__Acidobacteria; D_2_ _Hol ophagae ;D_3_ _Hol ophagal es ;D 4__ Hol ophagaceae ;D 5
___Hol ophaga

D O0_ Bacteria ;D 1__Acidobacteria; D 2__ Hol ophagae ;D_3_ _Subgroup 10;D 4_AB=-
19; D 5_ _uncultured Acidobacteria bacterium

D O0_ Bacteria ;D 1__Acidobacteria; D_2_ _Hol ophagae ;D_3_ _Subgroup 10;D 4_AB=-
19; D 5_ uncultured bacterium

D O0_ Bacteria ;D 1__Acidobacter ia;D 2__Hol ophagae ;D_3_ _Subgroup 10;D 4_AB=-
19;D 5_ _uncultured soil bacterium

D O0_ Bacteria ;D 1__Acidobacteria; D_2_ _Hol ophagae ;D_3_ _Subgroup 10;D 4_AB=-19; O her

D O0_ Bacteria ;D 1__Acidobacter ia;D 2 _Hol ophagae ;D_3___Subgroup
10;D 4_ _CAO02;D 5 uncultured Acidobacteria bacterium

D O0_ Bacteria ;D 1__Acidobacter ia;D 2 _Hol ophagae ;D_3_ _Subgroup
10; D 4_ NS72;D 5 _ uncultured bacterium

D O0_ Bacteria ;D 1__Acidobacteria; D_2_ _Hol ophagae ;D_3_ _Subgroup 10;D 4_N=72;C her

D O0_ Bacteria ;D 1__Acidobacter ia;D 2 _Hol ophagae ;D_3_ _Subgroup
10;D 4 =va0725;D 5 uncultured bacterium

D O_ Bacteria ;D 1__Acidobacteria; D_2_ _Hol ophagae ;D_3_ _Subgroup 10;D 4__ Sva0725; O her

D O_ Bacteria ;D 1__Acidobacteria; D_2_ _Hol ophagae ;D _3_ _Subgroup 10; O her; O her

D O0_ Bacteria ;DI __ Acidobacter ia;D 2_ _Hol ophagae ;D _3_ _Subgroup 7;D 4__ uncul tured
Aci dobacter ia bacterium D5

D O0_ Bacteria ;D 1__Acidobacteria; D_2_ _Hol ophagae ;D _3_ _Subgroup 7;D 4__ uncul tured
Aci dobacter ium sp.;D5_

D O0_ Bacteria ;D 1__Acidobacteria; D_2_ _Hol ophagae ;D _3_ _Subgroup 7;D 4__ uncul tured
bacterium D5

D O_ Bacteria ;D 1__Acidobacteria; D_2_ _Hol ophagae ;D _3_ _Subgroup 7;D 4__ uncul tured
proteobacter ium D_5_

D O0_ Bacteria ;D 1__Acidobacteria; D_2_ _Hol ophagae ;D_3_ _Subgroup 7;Cher ;O her

D O_ Bacteria ;D 1__Acidobacteria; D_2_ _Subgroup 22;D_3__ uncultured Acidobacteria
bacterium D4_ ;D5

D O_ Bacteria ;D 1__Acidobacteria; D_2_ _Subgroup 22;D 3__uncultured bacterium;D4_ ;D5

D O_ Bacteria ;D 1__Acidobacteria; D_2_ _Subgroup 22;Qher ;Qher ;O her

D O_ Bacteria ;D 1__Acidobacteria; D_2_ _Subgroup 26;D_3__uncultured bacterium;D4_ ;D5

D O0_ Bacteria ;D 1__ Acidobacteria; Oher ;Qher ;Cher ;Cher

D O_ Bacteria ;D 1_ Actinobacter ia;D2__ Acidimicrobiia ;D 3__ Acidimcrobiales ;D4 _ _Acidimc
robi aceae ;D 5 CL500-29 nmarine group

D 0_ Bacteria ;D | __ Actinobacter ia;D 2__ Acidimcrobiia ;D 3_ Acidimcrobiales ;D4 _Acidimc
robi aceae; D_5 Il umatobacter

D 0O_ Bacteria ;DI __Actinobacter ia;D 2__ Acidimcrobi
robi aceae ;D 5 uncultured

a ;D3__Acidimcrobiales ;D 4_ Acidinmc

D O0_ Bacteria ;D 1_ Actinobacteria ;D 2__ Acidimicrobiia ;D 3_ Acidimcrobiales ;D4 __Acidimc
r obi aceae ;O her

D O0_ Bacteria ;D 1_ Actinobacter ia;D2_ Acidimicrobiia ;D 3__ Acidimcrobiales ;D4 _ _Acidimc
robiales Incertae Sedis;D5 Aciditerr inopnas

D O0_ Bacteria ;D 1_ Actinobacter ia;D2_ Acidimicrobiia ;D 3__ Acidimcrobiales ;D4 _ _Acidimc
robiales Incertae Sedis;D5__ Candidatus Mcrothrix

D O0_ Bacteria ;D 1_ Actinobacteria ;D 2__ Acidimicrobiia ;D 3__ Acidimcrobiales ;D 4_ _|aniacea
e;D5_ lama

D 0O_ Bacteria ;D | __Actinobacter ia;D 2__ Acidimcrobiia ;D 3_ Acidimcrobiales ;D4 _ovm

clade; D 5_ uncultured bacterium
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D O0_ Bacteria ;DI __ Actinobacter ia;D2__Acidimcrobiia;pb_3_ Acidimcrobiales ;C_4 OM
clade; D 5 uncultured conpost bacterium

D 0_ Bacteria;D|__ Actinobacter ia;D_2_ Acidimcrobiia;b_s_Acidimcrobiales ;C_4 OV

cl ade; O her

D O_ Bacteria;D | __ Actinobacter ia;D 2 Acidimcrobiia;p_s_ Acidimcrobiales ;E_ 4 uncultur
ed; D 5 uncultured Acidimcrobidae bacterium

D O_ Bacteria;D| __ Actinobacter ia;D 2 Acidimcrobiia;p_s_Acidimcrobiales ;E_ 4 uncultur
ed; D 5 uncultured Actinonycetales bacterium

D O _ Bacteria;D | _Actinobacter ia;D_2_ Acidimcrobiia;b_3 Acidimicrobiales ;E_4 uncultur
ed; D 5_ uncultured actinobacter ium

D O _ Bacteria;D | __Actinobacter ia;D_2_ Acidimcrobiia;b_3 Acidimcrobiales ;E_4 uncultur
ed; D5 uncultured bacterium

D O _ Bacteria;D | __Actinobacter ia;D_2_ Acidimcrobiia;b_3 Acidimicrobiales ;E_4 uncultur
ed; O her

D O0_ Bacteria;D|__Actinobacter ia;D_2_Acidimcrobiia;b_s__ Acidimcrobiales ;Qher ;Qher

D O0_ Bacteria;D|__Actinobacter ia;D_2_ Actinobacteria;b_s__ Actinonycetal es ;D_4__Actinonyc
etaceae; D 5_ Actinobacul um

D O0_ Bacteria;D|__Actinobacter ia;D_2_ Actinobacteria;b_s__ Actinonycetal es ;D_4__Actinonyc
etaceae; D 5 Actinonyces

D O0_ Bacteria;D|__Actinobacter ia;D_2_ Actinobacteria;b_s__ Actinonycetal es ;D_4__Actinonyc
etaceae; D 5__ Arcanobacter i um

D O0_ Bacteria;D|__Actinobacter ia;D_2_ Actinobacteria;b_s__ Actinonycetal es ;D_4__Actinonyc
etaceae; D 5__ Mbil uncus

D O0_ Bacteria;D|__Actinobacter ia;D_2_ Actinobacteria;b_s__ Actinonycetal es ;D_4__Actinonyc
etaceae; D 5_ Varibacul um

D O0_ Bacteria;D|__Actinobacter ia;D_2_ Actinobacteria;b_s__ Actinonycetal es ;D_4__Actinonyc
etaceae ;D 5_ uncul tured

D O0_ Bacteria;D_|__Actinobacter ia;D_2_ Actinobacteria ;Db_s_ Actinopolyspor ales;E_4__ Actino

pol ysporaceae ;D 5 Actinopol yspora

a;D_2 _ Actinobacteria

;D_3 __Bifidobacteriales;D_4 Bifidob

a;D_2 _ Actinobacteria

;D_s__ Catenulispor

ales ;C_4 Actinosp

D 0O_ Bacteria ;DI __ Actinobacter i
acteriaceae;D 5 Bifidobacterium
D 0_ Bacteria ;DI __ Actinobacter i
i caceae; D 5 Actinospica

D 0_ Bacteria ;DI __ Actinobacter i

a;D_2 _ Actinobacteria

acteriaceae;D_5_Corynebacter i um

;b_3__ Corynebacter

iales;D_4 Coryneb

a;D_2 _ Actinobacteria

;b_3__ Corynebacter

iales;D_4 Coryneb

a;D_2 _ Actinobacteria

;b_3__ Corynebacter

iales;D_4 Coryneb

ia;D_2_ Actinobacteria

;b_3__ Corynebacter

iales;D_4 Bietzia

ia;D_2_ Actinobacteria

;b_3__ Corynebacter

iales;D_4 Mcobac

ia;D_2_ Actinobacteria

;b_3__ Corynebacter

iales;D_4 _Nocardi

ia;D_2_ Actinobacteria

;b_3__ Corynebacter

iales;D_4 _Nocardi

a;D_2 _ Actinobacteria

;b_3__ Corynebacter

al es ;D_4__ Nocar di

a;D_2 _ Actinobacteria

;b_3__ Corynebacter

al es ;D_4__ Nocar di

ia;D_2_ Actinobacteria

;b_3__ Corynebacter

iales;D_4 _Nocardi

D 0_ Bacteria ;DI __ Actinobacter i
acteriaceae;D 5_ uncul tured

D 0O_ Bacteria ;DI __ Actinobacter i
act er i aceae; O her

D 0O_ Bacteria ;DI __ Actinobacter i
ceae;D5 Detzia

D 0_ Bacteria ;DI __ Actinobacter i
teriaceae;D 5 Mcobacterium

D 0_ Bacteria ;DI __ Actinobacter i
aceae;D_5 Gordonia

D 0_ Bacteria ;DI __ Actinobacter i
aceae;D_5 Nocardia

D 0_ Bacteria ;DI __ Actinobacter i
aceae ;D 5__ Rhodococcus

D 0_ Bacteria ;DI __ Actinobacter i
aceae;D 5 Skernani a

D 0_ Bacteria ;DI __ Actinobacter i
aceae; D 5 Smaragdi coccus

D 0_ Bacteria ;DI __ Actinobacter i

aceae;D 5  Wlliansia

ia;D_2_ Actinobacteria

;b_3__ Corynebacter

iales;D_4 _Nocardi

D O0_ Bacteria;D| __ Actinobacter ia;D 2__Actinobacter ia;p_s__ Corynebacter iales;D_4 uncultu
red; D 5_ uncultured Mycobacter i aceae bacterium

D O_ Bacteria;D|__Actinobacter ia;D 2 Actinobacteria;b_s__ Corynebacter iales;D_4 uncultu
red; D5 uncultured Mycobacterium sp.

D O_ Bacteria;D|__Actinobacter ia;D_2_ Actinobacteria;b_s__ Corynebacter iales;D_4 uncultu

red; D5 uncultured bacterium

D O0_ Bacteria;D|__Actinobacter ia;D_2_ Actinobacteria;b_s__ Corynebacter

ales;D_4 uncultu
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eae ;D_5__Georgenia

red; O her

D 0_ Ibacteria ;D | __Actinobacter ia;D_2 Actinobacteria ;D_3_ _ Corynebacter iales ;Qher ;O her
D 0_ Ibacteria ;D | __ Actinobacter ia;D_2 Actinobacteria ;D_3__ Frankiales ;D 4__ Acidothermacea
e;D 5__ Acidothernus

D O_ Ibacteria;D_| _ Actinobacter ia;D_2 Actinobacteria ;D_3__ Frankiales ;D 4__ Crypt osporangi
aceae ;D 5__ Cryptosporangi um

D O_ Ibacteria;D_| _ Actinobacter ia;D_2 _Actinobacteria ;D_3__ Frankiales ;D 4__ Crypt osporangi
aceae ;D 5__ Fodinicola

D O_ Bacteria ;D | __ Actinobacter ia;b_2 Actinobacteria ;D_3__ Frankiales ;D 4__ Frankiaceae ;D_
5 Frankia T

D _0_ Bacteria ;D | __ Actinobacter ia;D_2 Actinobacteria ;D_3__ Frankiales ;D 4__ Frankiaceae ;D_
5__ Jatrophi habi t ans

D O_ lbacteria;D| __ Actinobacter ia;D_2 Actinobacteria ;D_3__ Frankiales ;D 4__ Frankiaceae ;Ot
her T

D O_ Ibacteria;D_| __ Actinobacter ia;D_2 _Actinobacteria ;D_3__ Frankiales ;D 4__ Geodermatophil
aceae ;D 5__ Bl astococcus

D O_ Ibacteria;D_| _ Actinobacter ia;D_2 _Actinobacteria ;D_3__ Frankiales ;D 4__ Geodermatophil
aceae ;D 5 Geoder mat ophi |l us

D O_ Ibacteria;D_| _ Actinobacter ia;D_2 _Actinobacteria ;D_3__ Frankiales ;D 4__ Geodermatophil
aceae ;D 5__ Mddest obacter

D O_ Ibacteria;D_| _ Actinobacter ia;D_2 _Actinobacteria ;D_3__ Frankiales ;D 4__ Geodermatophil
aceae ;D 5_ uncul tured

D O_ Ibacteria;D_| _ Actinobacter ia;D_2 _Actinobacteria ;D_3__ Frankiales ;D 4__ Geodermatophil
aceae ; O her

D 0_ Ibacteria ;D | __ Actinobacter ia;D_2 Actinobacteria ;D_3__ Frankiales ;D 4__ Nakanurellacea
e;D 5 __ Nakanurella

D 0_ Ibacteria ;D | __Actinobacter ia;D_2 Actinobacteria ;D_3__ Frankiales ;D 4__ Spor ichthyacea
e;D 5 __ Spor ichthya

D 0_ Ibacteria ;D | __Actinobacter ia;D_2 Actinobacteria ;D_3__ Frankiales ;D 4__ Spor ichthyacea
e;D 5 __ hgcl clade

D 0_ Ibacteria ;D | __Actinobacter ia;D_2 Actinobacteria ;D_3__ Frankiales ;D 4__ Spor ichthyacea
e;D 5 __ uncul tured

D O_ Bacteria ;D __ Actinobacter ia;D_2 Actinobacteria ;D_3 _ Frankiales ;D 4__ Spor ichthyacea
e; O her T

D_0_ Bacteria ;D | __ Actinobacter ia;D_2 Actinobacteria ;D_3__ Frankiales ;D 4__ uncultured; D5
__uncul tured actinobacter ium

D 0_ Bacteria ;D | __ Actinobacter ia;D_2 Actinobacteria ;D_3__ Frankiales ;D 4__ uncultured; D5
__uncultured bacterium

D 0_ Ibacteria ;D | __Actinobacter ia;D_2 Actinobacteria ;D_3__ Frankiales ;D 4__ uncultured; Oh
er

D O0_ Ibacteria;D_| _ Actinobacter ia;D_2 Actinobacteria ;D_3__ Frankiales ;Qher ;Qher

D 0_ Ibacteria ;D | __ Actinobacter ia;D_2 Actinobacteria ;D_3_ _ Gycornycetales;D 4_ dycornycet
aceae ;D 5___dyconyces

D 0_ Ibacteria ;D | __ Actinobacter ia;D_2 Actinobacteria ;D_3_ _ Gycornycetales;D 4_ dycornycet
aceae ;D 5_ uncul tured

D 0_ Ibacteria ;D | __ Actinobacter ia;D_2 Actinobacteria ;D_3 _ Gycornycetales;D 4_ dycornycet
aceae ;D 5_ uncultured bacterium

D O0_ Ibacteria;D_| _ Actinobacter ia;D_2 Actinobacteria ;D_3__ Kineospor iales ;D 4__ Kineospor i
aceae ;D 5_ Angusti bacter

D O0_ Ibacteria;D_| _ Actinobacter ia;D_2 Actinobacteria ;D_3__ Kineospor iales ;D 4__ Kineospor i
aceae ;D 5__ Kineococcus

D O0_ Ibacteria;D_| _ Actinobacter ia;D_2 Actinobacteria ;D_3__ Kineospor iales ;D 4__ Kineospor i
aceae ;D 5__ Kineosporia

D O0_ Ibacteria;D_| _ Actinobacter ia;D_2 Actinobacteria ;D_3__ Kineospor iales ;D 4__ Kineospor i
aceae ;D 5__ Pseudoki neococcus

D O0_ Ibacteria;D_| _ Actinobacter ia;D_2 Actinobacteria ;D_3__ Kineospor iales ;D 4__ Kineospor i
aceae ;D 5 Quadr i sphaera

D O0_ Ibacteria;D_| _ Actinobacter ia;D_2 Actinobacteria ;D_3__ Kineospor iales ;D 4__ Kineospor i
aceae ; O her

D 0_ Ibacteria ;D | __ Actinobacter ia;D_2 Actinobacteria ;D_3__ Mcrococcales ;D 4_ Bogor iellac
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D 0__ Bacteria;D| __Actinobacter ia;b_2 Actinobacteria ;b_3 _Mcrococcal es ;D_4 _ Brevibacter
iaceae;D 5 Brevibacter i um T

D _0_ Bacteria;D_| __ Actinobacter ia;p_2 Actinobacteria ;b_s___Mcrococcal es ;b_4__ Cel | ul onona
daceae; D_5__ Actinotal ea

D _0_ Bacteria;D_|__ Actinobacter ia;p_2 Actinobacteria ;b_s__Mcrococcales ;b_4__ Cel |l ul onona
daceae ;D 5__ Cel | ul onbnas

D 0_ Bacteria ;D | __ Actinobacter ia;b_2 Actinobacteria ;D_3_ Mcrococcales ;D_4__ Cellul onona
daceae; Ot her T

D 0__Bacteria;D| __Actinobacter ia;b_2 Actinobacteria ;b_3 _ M crococcal es ;D_4 _ Dernabacter
aceae; D 5_ Brachybacter i um T

D 0__Bacteria;D|__Actinobacter ia;b_2 Actinobacteria ;b_3 _ M crococcal es ;D_4 _ Dernabacter
aceae; D 5__ Der mabact er T

D _0_ Bacteria;D_| __ Actinobacter ia;b_2 Actinobacteria ;D_3__Mcrococcal es ;D_4__ Dermacoccac
eae; D 5 Branchiibius

D _0_ Bacteria;D_ | __ Actinobacter ia;b_2 _Actinobacteria ;D_3__Mcrococcal es ;D_4__ Dermacoccac
eae; D 5 Dermacoccus

D 0_ Bacteria ;D | __ Actinobacter ia;b_2 Actinobacteria ;D_3_ Mcrococcal es ;D_4__ Dernacoccac
eae;D 5 Flexivirga T

D 0_ Bacteria;D_ | __ Actinobacter ia;b_2 Actinobacteria ;D_3__Mcrococcal es ;D_4__ Der macoccac
eae;D 5 Kytococcus

D 0_ Bacteria ;D | __ Actinobacter ia;b_2 Actinobacteria ;D_3_ Mcrococcal es ;D_4__ Dernacoccac
eae; Ot her T

D_O0_ Bacteria;D_|__Actinobacter ia;b_2 _Actinobacteria ;b_3__ M crococcal es ;D_4__ Dermatophi |
aceae; D 5_ Der mat ophi | us

D_0_ Bacteria;D_|__Actinobacter ia;b_2 _Actinobacteria ;b_3__ M crococcal es ;D_4__ Dermatophi |
aceae; D 5 Ki neosphaera

D 0_ Bacteria ;D | __ Actinobacter ia;b_2 Actinobacteria ;b_3__ Mcrococcal es ;D_4__ Dernatophi |
aceae; Ot her T

D 0_ Bacteria;D_|__Actinobacter ia;b_2 Actinobacteria ;Db_3__Mcrococcal es ;D_4___Intrasporan
gi aceae; D 5__ Arseni ci coccus

D 0_ Bacteria;D_|__ Actinobacter ia;Db_2 Actinobacteria ;Db_3___Mcrococcal es ;D_4___Intrasporan
gi aceae; D 5_ Jani bacter

D _0_ Bacteria;D_|__ Actinobacter ia;b_2 Actinobacteria ;Db_3___Mcrococcal es ;D_4___Intrasporan
gi aceae; D 5__ Ornithinicoccus

D 0_ Bacteria ;D | __ Actinobacter ia;b_2 Actinobacteria ;D_3_ Mcrococcales ;D_4__ I ntrasporan
gi aceae; D 5__ Ornithinini crobi um T

D 0_ Bacteria ;D | __ Actinobacter ia;b_2 Actinobacteria ;D_3_ Mcrococcales ;D_4__ I ntrasporan
gi aceae; D 5_ Oryzi hunus T

D _0_ Bacteria;D_|__ Actinobacter ia;b_2 Actinobacteria ;Db_3___Mcrococcal es ;D_4___Intrasporan
gi aceae; D 5__ Phyci coccus

D 0_ Bacteria;D_|__Actinobacter ia;b_2 Actinobacteria ;D_3__Mcrococcal es ;D_4___Intrasporan
gi aceae; D 5 Terrabacter

D _0_ Bacteria;D_ | __ Actinobacter ia;b_2 Actinobacteria ;Db_3___Mcrococcal es ;D_4___Intrasporan
gi aceae; D 5__ Tetrasphaera

D _0_ Bacteria;D_ | __ Actinobacter ia;b_2 Actinobacteria ;Db_3___Mcrococcal es ;D_4___Intrasporan
gi aceae; D 5__ uncul tured

D 0_ Bacteria ;D | __ Actinobacter ia;b_2 Actinobacteria ;D_3_ Mcrococcales ;D_4___ Intrasporan
gi aceae; Ot her T

D 0_ Bacteria;D_|__Actinobacter ia;b_2 Actinobacteria ;b_s__ Mcrococcal es ;b_4__ M crobacter
iaceae ;D 5 Agronyces

D _0_ Bacteria;D_| __Actinobacter ia;b_2 Actinobacteria ;b_3s__ Mcrococcales ;b_4__ M crobacter
i aceae ;D 5__ Candi datus Rhodol una

D 0_ Bacteria ;DI __Actinobacter ia;b_2 _Actinobacteria ;b_3_ Mcrococcal es ;b_4__ M crobacter
i aceae ;D 5 O avi bacter T

D 0_ Bacteria ;DI __ Actinobacter ia;b_2 _Actinobacteria ;b_3_ Mcrococcal es ;b_4__ M crobacter
iaceae; D 5_ Curtobacter i um T

D 0_ Bacteria;D_|__Actinobacter ia;b_2 Actinobacteria ;b_3s___Mcrococcal es ;b_4__ M crobacter
iaceae;D 5_ Frigoribacterium

D 0_ Bacteria;D_| __Actinobacter ia;b_2 Actinobacteria ;b_3s___Mcrococcal es ;b_4__ M crobacter
i aceae ;D 5__Frondi habitans

D 0_ Bacteria;D_| __Actinobacter ia;b_2 Actinobacteria ;b_3s___Mcrococcal es ;b_4__ M crobacter

iaceae; D_5 Qul osi bacter
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D 0 Bacteria;D| _Actinobacter ia;D_» Actinobacteria ;b_3__ Mcrococcales ;D4 M crobacter
i aceae; D 5__ Herbi coni ux

D 0_ Bacteria;D|__ Actinobacter ia;D_» Actinobacteria ;b_3_ M crococcal es ;D_4__ M crobacter
iaceae; D 5_Leifsonia

D 0_ Bacteria;D|__ Actinobacter ia;D_» Actinobacteria ;b_3_ M crococcal es ;D_4__ M crobacter
iaceae;D 5 Leucobacter

D 0_ Bacteria;D|__ Actinobacter ia;D_2 Actinobacteria ;b_3_ M crococcal es ;D_4__ M crobacter
iaceae;D 5 Lysini nbnas

D 0_ Bacteria;D|__ Actinobacter ia;D_2 Actinobacteria ;b_3_ M crococcal es ;D_4__ M crobacter
iaceae; D 5 Marisedininicola

D 0_ Bacteria;D|__ Actinobacter ia;D_2 Actinobacteria ;b_3_ M crococcal es ;D_4__ M crobacter
iaceae;D 5__Mcrobacter i um

D 0_ Bacteria;D|__ Actinobacter ia;D_2 Actinobacteria ;b_3__ M crococcal es ;D_4__ M crobacter
iaceae;D 5 _Plantibacter

D 0_ Bacteria;D|__ Actinobacter ia;D_2 Actinobacteria ;b_3__ M crococcal es ;D_4__ M crobacter
iaceae;D 5 Pseudocl avi bact er

D 0_ Bacteria;D|__ Actinobacter ia;D_2 Actinobacteria ;b_3__ M crococcal es ;D_4__ M crobacter
iaceae;D 5 Rathayi bacter

D 0_ Bacteria;D|__ Actinobacter ia;D_2 Actinobacteria ;b_3__ M crococcal es ;D_4__ M crobacter
iaceae;D 5 uncul tured

D 0_ Bacteria;D|__Actinobacter ia;D_2 Actinobacteria ;b_3_ M crococcal es ;D_4__ M crobacter
i aceae; O her

D O0_ Bacteria;D|__Actinobacter ia;b_2_Actinobacteria ;b_3__ M crococcales ;D 4__ M crococcac
eae; D 5 Arthrobacter

D O0_ Bacteria;D|__Actinobacter ia;b_2_Actinobacteria ;b_3__ M crococcales ;D 4__ M crococcac
eae; D 5 Kocuria

D 0_ Bacteria;D|__Actinobacter ia;Db_2 _Actinobacteria ;b_3__ M crococcales ;D 4__ M crococcac
eae; D 5 M crococcus

D 0_ Bacteria;D|__Actinobacter ia;b_2_Actinobacteria ;b_3__ M crococcales ;D 4__ M crococcac
eae; D 5 Nesterenkonia

D 0_ Bacteria;D|__Actinobacter ia;b_2_Actinobacteria ;b_3__ M crococcales ;D 4__ M crococcac
eae;D 5 Rothia

D 0_ Bacteria;D|__Actinobacter ia;Db_2_Actinobacteria ;b_3__ M crococcales ;D 4__ M crococcac
eae;D 5 Yaniella

D 0_ Bacteria;D|__Actinobacter ia;Db_2_Actinobacteria ;b_3__ M crococcales ;D 4__ M crococcac
eae;D 5 uncultured

D 0_ Bacteria;D|__Actinobacter ia;Db_2_Actinobacteria ;b_3__ M crococcales ;D 4__ M crococcac
eae; Ot her

D O _ Bacteria;D| __Actinobacter ia;D_2_Actinobacteria ;Db_3_Mcrococcales ;D 4__ Pronicronon
osporaceae ;D 5 Cel |l ul osi m crobi um

D 0 Bacteria;D| __Actinobacter ia;D_2_Actinobacteria ;b_3_Mcrococcales ;D 4__ Pronicronon
osporaceae ;D 5 |soptericola

D 0 Bacteria;D| __Actinobacter ia;D_2_Actinobacteria ;b_3_Mcrococcales ;D 4__ Pronicronon
osporaceae ;D 5__Proni crononospor a

D O _ Bacteria;D| __Actinobacter ia;D_2_Actinobacteria ;Db_3_Mcrococcales ;D 4__ Pronicronon
ospor aceae ; & her

D O0_ Bacteria;D|__ Actinobacter ia;D_2 Actinobacteria ;b_3__ M crococcal es ;D_4__ Sangui bacte
raceae; D 5__ Sangui bact er

D 0 Bacteria;D | __Actinobacter ia;D_2_Actinobacteria ;b_3_Mcrococcal es ; Gt her ;C her

D O0_ Bacteria;D|__ Actinobacter ia;D_2 Actinobacteria ;b_3__ M cronobnosporales ;D 4 M cronmo
nosporaceae; D 5 Actinocat eni spora

D 0_ Bacteria;D| __ Actinobacter ia;D_2 Actinobacteria ;b_3__ M crononosporales ;D 4 M crono
nosporaceae ;D 5 Actinopl anes

D 0_ Bacteria;D| __ Actinobacter ia;D_2 Actinobacteria ;b_3__ M crononosporales ;D 4 M crono
nosporaceae ;D 5 Al locatelliglobosispora

D O0_ Bacteria;D|__ Actinobacter ia;D_2 Actinobacteria ;b_3__ M crononosporales ;D 4 M cronmo
nospor aceae ;D 5 Asanoa

D 0_ Bacteria;D| __ Actinobacter ia;D_2 Actinobacteria ;b_3__ M crononosporales ;D 4 M cronmo
nosporaceae ;D 5 Catelligl obosi spora

D 0_ Bacteria;D| __ Actinobacter ia;D_2 Actinobacteria ;b_3__ M crononosporales ;D 4 M cronmo
nosporaceae ;D 5 Cat enul opl anes

D 0_ Bacteria;D| __ Actinobacter ia;D_2 Actinobacteria ;b_3__ M crononosporales ;D 4 M cronmo
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nospor aceae ;D_s__ Dactyl osporangi um

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Actinobacteria;Db_s__ M cronpnosporales ;p_4__ M cronp
nospor aceae ;D_s__ Krasi | ni kovi a

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Actinobacteria;b_s__ M cronpnosporales ;D_4__ M cronp
nospor aceae ;D_s___Longi spora

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Actinobacteria;Db_s__ M cronpnosporales ;D_4__ M cronp
nospor aceae ;D_s__ Luedenannel | a

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Actinobacteria;b_s__ M cronpnosporales ;D_4__ M cronp
nospor aceae ;D_5__ M cr onpbnospor a

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Actinobacteria;b_s__ M cronpnosporales ;D_4__ M cronp
nospor aceae ;D_s__ Pilinelia

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Actinobacteria;b_s__ M cronpnosporales ;D_4__ M cronp
nospor aceae ;D_s__ Pi anosporangi um

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Actinobacteria;Db_s__ M cronpnosporales ;D_4__ M cronp
nospor aceae ;D_s__ Stackebrandti a

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Actinobacteria;b_s__ M cronpnosporales ;D_4__ M cronp

nospor aceae ;D_s__uncul tured

D O_ Bacteria;D_|__Actinobacter ia;b_2 _Acti

nospor aceae ; & her

nobact eri

a;D_3__ Mcronmonosporales ;D_4 M cronp

D 0__ Bacteria, b_1__Actinobacteria, D_2 _Actinobacteria;bp_3 _PeM5;D 4_ uncultured
bacterium D5 T

D O_ Bacteria, b_1__ Actinobacteria, b_2 _Actinobacteria;p_s_ PeM 5;C her ;C her

D O_ Bacteria; o_1_ Actinobacteria, D_2 _Actinobacteria;D_3__ Propionibacter iales;b_a__ Nocar
di oi daceae ;D_5 _Acti nopol ynor pha

D 0_ Bacteria,-b_1__Actinobacteria, D_2 _Actinobacteria;b_3 _ Propionibacter iales;D_4__ Nocar
di oi daceae ;D 5___Aeromi crobi um T

D O_ Bacteria,-b_1_ Actinobacteria, D_2 _Actinobacteria;Db_3__ Propionibacter iales;b_a__ Nocar
di oi daceae ;D 5 Kribbella

D 0_ Bacteria,-b_1__Actinobacteria, D_2 _Actinobacteria;b_3 _ Propionibacter iales;D_4__ Nocar
di oi daceae ;D 5__Marnoricol a T

D O_ Bacteria,-b_1__ Actinobacteria, D_2 _Actinobacteria;D_3__ Propionibacter iales;b_a__ Nocar

di oi daceae ;D 5___Nocar di oi des

D O_ Bacteria;D_|__Actinobacter ia;b_2 _Acti

di oi daceae ; & her

nobact eri

a;D_3__ Propionibacter iales;D_4__ Nocar

D 0_ Bacteria,-b_1_ Actinobacteria ;p_

oni bacter i aceae;D 5 Friedmanniella

_Acti

nobact eri

a;D_3__ Propionibacter iales;D_4 Propi

D 0_ Bacteria,-p_1__Actinobacteria ;D 2__Actinobacteria ;b_3 _ Propionibacter iales;D_4 Propi

oni bacter i aceae;D 5 Hal oacti nopol yspora

D 0_ Bacteria,-p_1_ Actinobacteria, D_2 _Acti

oni bacter i aceae;D 5__M crol unat us

nobact eri

a;D_3__ Propionibacter iales;D_4 Propi

D 0_ Bacteria,-b_1__Actinobacteria ;D 2__Acti

oni bacter i aceae;D 5__ Propioni bacter ium

nobact eri

a;D_3__ Propionibacter iales;D_4 Propi

D 0_ Bacteria,-p_1_ Actinobacteria, D_2 _Acti

oni bacter i aceae;D 5__ uncul tured

nobact eri

a;D_3__ Propionibacter iales;D_4 Propi

D 0_ Bacteria,-p_1_ Actinobacteria, D_2 _Acti

oni bact er i aceae; O her

nobact eri

a;D_3__ Propionibacter iales;D_4 Propi

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Acti

r

nobact eri

a ;b_3__ Propionibacter iales;Qher ;Qhe

D 0_ Bacteria, D_1_ Actinobacteria ;p_2 _Acti

ocar di aceae ;D_s__ Acti noal | ot ei chus

nobact eri

a;D_3__ Pseudonocardial es ;D_4__ Pseudon

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Acti

ocar di aceae ;D_s5__ Acti noki neospor a

nobact eri

a;D_3__ Pseudonocardial es ;D_4__ Pseudon

D 0_ Bacteria, D_1_ Actinobacteria ;p_2 _Acti

ocar di aceae ;D_s__ Acti nonmycet ospor a

nobact eri

a;D_3__ Pseudonocardial es ;D_4__ Pseudon

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Acti

ocar di aceae ;D_s__ Acti nophytocol a

nobact eri

a;D_3__ Pseudonocardial es ;D_4__ Pseudon

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Acti

ocar di aceae ;D_s5__ Anycol at opsi s

nobact eri

a;D_3__ Pseudonocardial es ;D_4__ Pseudon

D 0_ Bacteria, D_1_ Actinobacteria, D_2 _Acti

ocar di aceae ;D_5_ Crossiella

nobact eri

a;D_3__ Pseudonocardial es ;D_4__ Pseudon

D 0_ Bacteria, D_1_ Actinobacteria ;p_2 _Acti

ocar di aceae ;D_s__ Ki bdel ospor angi um

nobact eri

a;D_3__ Pseudonocardial es ;D_4__ Pseudon
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D 0_ Bacteria;D| __Actinobacter ia;D_2 _Actinobacteria;b_3 _ Pseudonocardial es ;D_4__ Pseudon
ocardi aceae ;D 5 Lentzea B

D_0_ Bacteria;D_|__Actinobacter ia;b_2 _Actinobacteria;p_s__ Pseudonocardial es ;D_4__ Pseudon
ocardi aceae ;D 5 Prauserella

D _0_ Bacteria;D_|__Actinobacter ia;b_2 _Actinobacteria;p_s_ Pseudonocardial es ;D_4__ Pseudon
ocardi aceae ;D 5__ Pseudonocar di a

D O0_ Bacteria;D_|__Actinobacter ia;b_2 _Actinobacteria;p_s__ Pseudonocardial es ;D_4__ Pseudon
ocardi aceae ;D 5 Sacchar ononospor a

D_0_ Bacteria;D_|__Actinobacter ia;b_2 _Actinobacteria;p_s_ _ Pseudonocardial es ;D_4__ Pseudon
ocardi aceae ;D 5 Sacchar opol yspor a

D 0_ Bacteria;D| __Actinobacter ia;D_2 _Actinobacteria;b_3 _ Pseudonocardial es ;D_4__ Pseudon
ocardi aceae ;D 5 Saccharothrix B

D_0_ Bacteria;D_|__Actinobacter ia;b_2 _Actinobacteria;p_s_ _ Pseudonocardial es ;D_4__ Pseudon
ocardi aceae ;D 5__ Sci scionella

D_0_ Bacteria;D_|__Actinobacter ia;b_2 _Actinobacteria;p_s__ Pseudonocardial es ;D_4__ Pseudon
ocardi aceae ;D 5 Thernocr i spum

D O0_ Bacteria;D_|__Actinobacter ia;b_2 _Actinobacteria;p_s__ Pseudonocardial es ;D_4__ Pseudon
ocardi aceae ;D_5_uncul tured

D _0_ Bacteria;D_|__Actinobacter ia;b_2 _Actinobacteria;p_s__ Pseudonocardial es ;D_4__ Pseudon
ocar di aceae ; O her

D_0_ Bacteria;D_| _ Actinobacter ia;D_2_ _Actinobacteria;p_s__ Streptonycetales ;D_4__Streptom
ycetaceae ;D 5__Kitasatospor a

D 0_ Bacteria;D_| __ Actinobacter ia;D_2_ _Actinobacteria;p_s__ Streptonycetales ;D_4__Streptom
ycetaceae ;D 5 Streptacidiphilus

D_0_ Bacteria;D_| _ Actinobacter ia;D_2_ _Actinobacteria;p_s__ Streptonycetales ;D_4__Streptom
ycetaceae ;D 5__ Str eptomyces

D 0_ Bacteria;D_| __ Actinobacter ia;D_2 _Actinobacteria;p_s__ Streptonycetales ;D_4_ _Streptom
ycet aceae ; & her

D 0_ Bacteria;D_ | __ Actinobacter ia;b_2 _Actinobacteria;Db_s__ Streptosporangiales ;D_4_ Nocar

di opsaceae ;D 5_ Nocardi opsi s

D _0_ Bacteria;D_ | __ Actinobacter ia;D_2 _Actinobacteria;Db_s__ Streptosporangiales ;D_4_ Nocar

di opsaceae ;D 5 Thernobi fida

D _0_ Bacteria;D_ | __ Actinobacter ia;D_2 _Actinobacteria;Db_s__ Streptosporangiales ;D_4_ Nocar

di opsaceae ;D 5 uncul tured

D _0_ Bacteria;D_| __ Actinobacter ia;D_2_ _Actinobacteria;b_s__ Streptosporangiales ;D_a_ Strep
t osporangi aceae ;D 5 M crobi spora

D O0_ Bacteria;D|__ Actinobacter ia;D_2 _Actinobacteria;b_3 _Streptosporangiales ;D _4_ Strep
t ospor angi aceae ;D 5 Nonomur aea B

D _0_ Bacteria;D_| _ Actinobacter ia;D_2_ _Actinobacteria;b_s__ Streptosporangiales ;D _4_ Strep
t ospor angi aceae; D 5 Pl anobi spora

D _0_ Bacteria;D_| _ Actinobacter ia;D_2_ _Actinobacteria;b_s__ Streptosporangiales ;D_a_ Strep
t ospor angi aceae; D5 Pl anotetraspora

D _0_ Bacteria;D_| _ Actinobacter ia;D_2_ _Actinobacteria;b_s__ Streptosporangiales ;D_4_ Strep
tosporangi aceae ;D 5 Sphaer i sporangi um

D 0_ Bacteria;D_| __ Actinobacter ia;D_2_ _Actinobacteria;b_s__ Streptosporangiales ;D _a4_ Strep
t ospor angi aceae ;D 5 Str ept ospor angi um

D _0_ Bacteria;D_| _ Actinobacter ia;D_2_ _Actinobacteria;b_s__ Streptosporangiales ;D_a_ Strep
t ospor angi aceae ; & her

D _0_ Bacteria;D_| _ Actinobacter ia;D_2_ _Actinobacteria;b_s__ Streptosporangiales ;D_a_ Strep
tosporangi ales Incertae Sedis;D 5 _Motilibacter

D_0_ Bacteria;D_|__Actinobacter ia;b_2 _Actinobacteria;b_3 _ Streptosporangiales ;D _a_ Therm

5__Actinoal | onurus

onobnospor aceae

D_0_ Bacteria;D_|__Actinobacter ia;D_2 _Actinobacteria;b_3 _ Streptosporangiales ;D _a_ Therm

ononosporaceae ;D 5 Actinocorallia

D_
D_0_ Bacteria;D_|__Actinobacter ia;D_2 _Actinobacteria;b_3 _ Streptosporangiales ;D _a_ Therm
ononospor aceae ;D 5 Acti nomadur a

D 0_ Bacteria;D.| Actinobacter ia;D_2 _Actinobacteria;b_3 _ Streptosporangiales ;D _a_ Therm

ononospor aceae ;D 5 Ther nobi spor a

D O0_ Bacteria;D_|__Actinobacter ia;D_2 _Actinobacteria;b_3 _ Streptosporangiales ;D _a_ Therm
ononospor aceae ;D 5__ Ther nobnonospor a

D_0_ Bacteria;D_|__Actinobacter ia;b_2 _Actinobacteria;b_3 _ Streptosporangiales ;D _a_ Therm

ononospor aceae ; & her
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D 0__Bacteria ;DI __Actinobacter

a;D_2__ Actinobacteria;

‘& her ;& her ;O her

D O__Bacteria ;D | __Actinobacter
teriaceae ;D 5__Atopobi um

a;D_2__ Coriobacteriia;

D 3__Coriobacter iales;D4__ Coriobac

D O__Bacteria ;D | __Actinobacter
teriaceae;D 5 Collinsella

a;D_2__ Coriobacteriia;

D 3__Coriobacter iales;D4__ Coriobac

D O__Bacteria ;D | __Actinobacter
teriaceae; D 5 uncultured

a;D_2__ Coriobacteriia;

D 3__Coriobacter iales;D4__ Coriobac

D O__Bacteria ;D | __Actinobacter
teriaceae; O her

a;D_2__ Coriobacteriia;

D 3__Coriobacter iales;D 4__ Coriobac

D 0_ Bacteria ;D| __Actinobacter
sp. ;D 4 ;D5

aib_2_ MB-A2-108;D 3__uncultured M cronmonospora

D 0__Bacteria ;D | __Actinobacter
actinobacter ium D4 ;D5

a;p_2_MB-A2-108;D_3__uncul tured

D 0_ Bacteria ;DI __Actinobacter

a;D_2_ MB-A2-108;D 3__uncultured bacterium D 4_

,D5

D 0_ Bacteria ;D| __Actinobacter

a;D_2_ MB-A2-10s8;CQther ;O her ;O her

D O__Bacteria ;D | __Actinobacter
5__Euzebya

a;D_2_Nitriliruptoria;D3__ FEuzebyales ;D 4_ Euzebyaceae ;D

D O__Bacteria ;D | __Actinobacter
riaceae; D 5__ Rubrobacter

a;D_2_ Rubrobacter ia; D_3_ Rubrobacteral es ;D _4_ Rubrobacte

D O__Bacteria ;D | __Actinobacter
actinobacter ium D4 ;D5

a;D_2 _ Takashi AC-BI |

;D_3__uncul tured

D O__Bacteria ;D | __Actinobacter
bacterium D4__ ;D5

a;D_2 _ Takashi AC-BI |

;D_3__uncul tured

D O__Bacteria ;D | __Actinobacter

a;D_2 _ Takashi AC-BI |

;Qther ;O her ;O her

D 0_ Bacteria ;DI __Actinobacter
5 Gaiella

a;b_2_ Thernol eophilia

;D 3__CGaiellales

;D_4__Gaiellaceae ;D

D O__Bacteria ;D | __Actinobacter
5__uncul tured actinobacter ium

a;b_2_ Thernol eophilia

;D_4__uncul tured; D_

D 0_ Bacteria ;DI __Actinobacter
5__uncul tured bacterium

a;b_2_ Thernol eophilia

;D_4__uncul tured; D_

D 0_ Bacteria ;DI __Actinobacter
5__uncul tured nicroorganism

a;b_2_ Thernol eophilia

;D_4__uncul tured; D_

D 0_ Bacteria ;DI __Actinobacter
her

a;b_2_ Thernol eophilia

;D_4__uncul tured; Ot

D 0_ Bacteria ;DI __Actinobacter

a;b_2_ Thernol eophilia

;O her ;O her

D 0_ Bacteria ;D 1__ Actinobacter

ia,”D 2__ Thernol eophilia
-6M6; D 5__uncultured actinobacter ium

ales;D 4__0319

D 0_ Bacteria ;DI __Actinobacter
-6M6; D 5__uncultured bacterium

a;b_2_ Thernol eophilia

ales;D 4__0319

D 0_ Bacteria ;DI __Actinobacter
-6M5; D 5__uncul tured organism

a;b_2_ Thernol eophilia

ales;D 4__0319

D 0_ Bacteria ;DI __Actinobacter
-6M6; Ot her

a;b_2_ Thernol eophilia

ales;D 4__0319

D 0_ Bacteria ;DI __Actinobacter
2;D 5 __uncultured bacterium

a;b_2_ Thernol eophilia

ales;D 4__288-

D 0__Bacteria ;D | __Actinobacter ia;D 2__ Thernol eophilia

2; D5 uncultured Genmati nonadetes

bacterium

ales;D_4_ 480-

D 0__Bacteria ;D | __Actinobacter iaib_2_ Thernol eophilia
2; D 5__uncultured actinobacter ium

ales;D_4__ 480-

D 0__Bacteria ;D | __Actinobacter iaib_2_ Thernol eophilia

2;D5__uncultured bacterium

ales;D_4__ 480-

D 0_ Bacteria ;DI __Actinobacter
2; O her

a;b_2_ Thernol eophilia

ales;D_4__ 480-

D 0_ Bacteria ;DI __Actinobacter
xi bact eraceae ;D 5___Conexi bacter

a;b_2_ Thernol eophilia

alesiD 4__ Cone

D 0_ Bacteria ;DI __Actinobacter

a;D_2_ Thernol eophilia

-16S-1332 ;D 5__uncul tured bacterium

alesi;D 4__FElev

D 0 Bacteria ;D | __Actinobacter ia;p_2_ Thernol eophilia

-16S 1332, O her

;D 3__CGaiellales

;D 3__CGaiellales

;D 3__CGaiellales

;D 3__CGaiellales

;D 3_CGaiellales

;D_3__Sol i rubrobacter
;D_3__Sol i rubrobacter
;D_3__Sol i rubrobacter
;D_3__Sol irubrobacter
;D_3__Sol i rubrobacter
;D_3__Sol i rubrobacter
;D_3__Sol i rubrobacter
;D_3__Sol irubrobacter
;D_3__Sol irubrobacter
;D_3__Sol i rubrobacter
;D_3__Sol i rubrobacter
;D_3__Sol irubrobacter

alesi;D 4__FElev
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D 0_ Bacteria ;D | __Actinobacter ia;D 2__ Thernol eophilia ;D 3__Solirubrobacterales ;D 4__ FCPU
744,-D 5__uncul tured bacterium

D O0_ Bacteria ;D | __Actinobacter ia;D 2__ Thernol eophilia ;D 3__Solirubrobacterales ;D 4__ FFCH
13075; D 5_ _uncul tured bacterium

D 0_ Bacteria ;D | __Actinobacter ia;D 2__ Thernol eophilia ;D 3__Solirubrobacterales ;D 4__ FFCH
| 13075; O her

D 0_ Bacteria ;D | __ Actinobacter ia;D 2__ Thernol eophilia ;D 3__Solirubrobacterales ;D 4_ Patu
i bacteraceae; D 5 Pat ul i bact er

_D_OiBact eria ;D | __Actinobacter ia;D 2__ Thernoleophilia ;D 3__ Solirubrobacterales ;D 4__ (8-
6C1;D 5 uncultured bacterium

D 0_ Bacteria ;D | __Actinobacter ia;D 2__ Thernoleophilia ;D 3__ Solirubrobacterales ;D 4__ SI-
80 - & her

D O_ Bacteria ;D | __ Actinobacter ia;D_2_Thernoleophilia ;D 3__Solirubrobacterales ;D 4__ Soli
| rubrobacteraceae; D5 Solirubrobacter

D O0_ Bacteria; D_I__Actinobacter ia;D 2__Thernoleophilia ;D 3__ Solirubrobacterales ;D 4_ TM4
5 uncultured bacterium

Bacteria; D_I__Actinobacter ia;D 2__ Thernol eophilia ;D 3__ Solirubrobacterales ;D 4 TM4
) 5__uncultured soil bacterium

) 0__Bacteria; D_I__Actinobacter ia;D 2__Thernol eophilia ;D 3__ Solirubrobacterales ;D 4 TM4
6;Q her

D O_ Bacteria ;D | __ Actinobacter ia;D 2__ Thernol eophilia ;D 3__Solirubrobacterales ;D 4__ YNPF
FP1;D 5 wuncultured bacterium

D O_ Bacteria ;D | __Actinobacter ia;D 2__ Thernol eophilia ;D 3__Solirubrobacterales ;D 4_ YNPF
FP1; O her

D O_ Bacteria ;D | __ Actinobacter ia;D 2__ Thernol eophilia ;D 3__Solirubrobacterales ;Qher ;Qh
er

_D_OiBact eria ;D | __ Actinobacter ia;D 2__Thernol eophilia ;Qher ;O her ;O her

D O0_ Bacteria ;DI __ Actinobacter ia;Qher ;Qher ;O her ;O her

D O_ Bacteria ;D | __ Armatinonadetes ;D 2_ Arnatinonadia ;D 3__ Arnatinonadales ;D 4_ Arnatinon
adaceae ;D 5 Arnmti nonas

D O_ Bacteria ;D | __ Armatinonadetes ;D 2__ Arnatinonadia ;D 3__ Arnatinonadales ;D 4_ unculture
d bacterium D5

D 0 Bacteria ;DI __ Armatinonadetes ;D 2 Armatinonadia ;D 3__ Armatinonadal es ;O her ;O her

D O_ Bacteria ;D | __ Armati nonadetes ;D 2__ Chthonononadetes ;D 3__ Chthonononadales ;D 4_ Chtho
nonpnadaceae ;D 5__ Cht hononpnas

D O_ Bacteria ;D | __ Armati nonadetes ;D_2__ Chthonononadetes ;D 3__ Chthonononadal es ;D 4_ uncul
tured bacterium D5_
D O_ Bacteria ;D | __ Armati nonadetes ;D 2__uncultured Armatinobnadetes

| bacterium D3 ;D4 ;D5

D O_ Bacteria ;D | __ Armati nonadetes ;D_2_ uncultured bacterium D3_ ;D4 ;D5

D O_ Bacteria ;D | __ Armati nonadetes ;D 2_ uncultured soil bacterium D3_ ;D4 ;D5

D 0 Bacteria ;DI __ Armati nonadetes ;O her ;O her ;O her ;O her

D O_ Bacteria ;DI __BD1-5;D 2_ uncultured bacterium D3_ ;D 4_ ;D5

D O0_ Bacteria ;D | __BDl1-5;Cher ;O her ;O her ;O her

D O_ Bacteria; D_I__BH 80-139;D 2__ uncultured bacterium D3_ ;D4_ ;D5

D O_ Bacteria ;D | __Bacteroidetes ;D 2_BSV13;Qher ;O her ;O her

D O_ Bacteria ;D | __ Bacteroidetes ;D 2 Bacteroidia ;D 3_ Bacteroidales ;D 4_ BSI 1 gut
group ;D 5__uncul tured bacterium

D O0_ Bacteria ;D | __Bacteroidetes ;D 2 Bacteroidia ;D 3_ Bacteroidales ;D 4__ Bacteroi daceae ;
D 5__Bact eroi des

D O_ Bacteria ;D | __ Bacteroidetes ;D 2_ Bacteroidia ;D 3_ Bacteroidales ;D 4_ Bacteroidal es
Incertae Sedis;D 5 _ Phocaeicol a

D O_ Bacteria ;D | __ Bacteroidetes ;D 2 Bacteroidia ;D 3_ Bacteroidales ;D 4_ Marinilabiaceae
;D_5__Anaer ophaga

D O_ Bacteria ;D | __ Bacteroidetes ;D 2_ Bacteroidia ;D 3_ Bacteroidales ;D 4__ Porphyrononadac

eae;D 5 Barnesiella
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D O_ Bacteria;D_|__Bacteroidetes ;b_2 _Bacteroidia;D3__ Bacteroidales;b_4 Porphyrononadac

eae; D 5___Dysgononbnas

D 0_ Bacteria;D_|__Bacteroidetes ;b_2 _Bacteroidia;D3__ Bacteroidales;p_4 Porphyrononadac

eae ;D 5__ Pal udi bacter

D 0_ Bacteria;D_|__Bacteroidetes ;b_2 _Bacteroidia;D3__ Bacteroidales;b_4 Porphyrononadac

eae;D 5__Par abact er oi des

D O0_ Bacteria;D_|__Bacteroidetes ;b_2 _Bacteroidia;D3__ Bacteroidales;b_4 Porphyrononadac

eae; D 5__ Por phyronpnas

D 0_ Bacteria;D_|__Bacteroidetes ;b_2 _Bacteroidia;D3__ Bacteroidales;p_4 Porphyrononadac

eae; D 5 Proteiniphilum

D 0_ Bacteria;D_|__Bacteroidetes ;Dp_2 _Bacteroidia;D3__ Bacteroidales;p_4 Porphyrononadac

eae;D 5 uncul tured

D O0_ Bacteria;D_|__Bacteroidetes ;b_2 _Bacteroidia;D3__Bacteroidales;p_4 Prevotellaceae ;

D5 Alloprevotella

D 0_ Bacteria;D_|__Bacteroidetes ;bp_2 _Bacteroidia;D3__Bacteroidales;p_4 Prevotellaceae ;

D5 Prevotella

D 0_ Bacteria;D_|__Bacteroidetes ;p_2 _Bacteroidia;D3__Bacteroidales;p_4 Prevotellaceae ;

D 5__uncul tured

D 0_ Bacteria;D_|__Bacteroidetes ;b_2 _Bacteroidia;D3__ Bacteroidales;p_4_ RF16;D 5_ uncul

tured bacterium

D O0_ Bacteria;D_|__Bacteroidetes ;b_2 _Bacteroidia;D3__ Bacteroidales;p_4 Rikenellaceae ;D
5 Alistipes

D O0_ Bacteria;D_|__Bacteroidetes ;b_2 _Bacteroidia;D3__ Bacteroidales;p_4 Rikenellaceae ;D

_5_RC9 gut group

D_0_ Bacteria;D_|__Bacteroidetes ;b_2 _Bacteroidia;D3__ Bacteroidales;p_4 Rikenellaceae ;D
5__vadi nBC2 7 wast ewat er - sl udge group

D O_ Bacteria;D | __Bacteroidetes ;p_2 _Bacteroidia;D3__ Bacteroidales ;b_4_ =24-

7;D 5_ _uncultured bacterium T

D _O__ Bacteria;D | __ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;Dp_4__ Cycl obacteri aceae
;D 5__Al gori phagus

D _O__ Bacteria;D | __Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;Dp_4__ Cycl obacteri aceae

) 0__Bacteria;D | __Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;Db_4__ Cycl obacteri aceae
, Ot her

D _0_ Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;Db_4__ Cyt ophagaceae ;D_5
__Adhaeri bacter

D 0_ Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;Db_4__ Cyt ophagaceae ;D_5
__Chryseolinea

D 0_ Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;p_4__ Cyt ophagaceae ;D_5
___Cytophaga

D 0_ Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;p_4__ Cyt ophagaceae ;D_5
___Dyadobacter

D _0_ Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;p_4__ Cyt ophagaceae ;D_5
__Emticicia

D 0_ Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;p_4__ Cyt ophagaceae ;D_5
__ Fl exi bacter

D 0_ Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;Db_4__ Cyt ophagaceae ;D_5
___Hynenobact er

D _0__Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;p_4__ Cyt ophagaceae ;D_5
__Larkinella

D _0_ Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;p_4__ Cyt ophagaceae ;D_5
__Leadbetterella

D _0_ Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;p_4__ Cyt ophagaceae ;D_5
___Cht aekwangi a

D _0_ Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;p_4__ Cyt ophagaceae ;D_5
__Persicital ea

D 0_ Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;Db_4__ Cyt ophagaceae ;D_5
__Pontibacter

D 0_ Bacteria;D_| _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;p_4__ Cyt ophagaceae ;D_5
__Pseudarcicella

D _0_ Bacteria;D | _ Bacteroidetes ;p_2 _Cytophagia;D 3__Cytophagal es;p_4__ Cyt ophagaceae ;D_5

___Rhodocyt ophaga
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D 0_ Bacteria;D|__ Bacteroidetes ;D_»_ Cytophagia;D3__ Cytophagal es ;D 4_ Cytophagaceae ;D 5
__Rudanel | a

D 0_ Bacteria;D|__ Bacteroidetes ;D_»_Cytophagia;D3__ Cytophagales ;D 4_ Cytophagaceae ;D 5
___Si phonobact er

D 0_ Bacteria;D|__ Bacteroidetes ;D_»_Cytophagia;D3__ Cytophagales ;D 4_ Cytophagaceae ;D 5
___Spirosoma

D 0_ Bacteria;D|__ Bacteroidetes ;D_»_Cytophagia;D3__ Cytophagales ;D 4_ Cytophagaceae ;D 5
___Sporocyt ophaga

D 0_ Bacteria;D|__Bacteroidetes ;D_»_Cytophagia;D3__ Cytophagales ;D 4_ Cytophagaceae ;D 5
__uncul tured

D 0_ Bacteria;D|__Bacteroidetes ;D_»_Cytophagia;D3__ Cytophagal es ;D 4_ Cytophagaceae ;G h
er

D 0_ Bacteria;D|__Bacteroidetes ;D_»_Cytophagia;D3__ Cytophagales ;D 4_ Fl ammeovir gaceae ;
D 5__Candi dat us Anpebophil us

D 0_ Bacteria;D|__Bacteroidetes ;D_»_Cytophagia;D3__ Cytophagales ;D 4_ Fl ammeovir gaceae ;
D 5 Candidatus Cardinium

D 0_ Bacteria;D|__Bacteroidetes ;D_»_Cytophagia;D3__ Cytophagales ;D 4_ Fl ammeovir gaceae ;
D5 Flexithrix

D 0_ Bacteria;D | __Bacteroidetes ;D_»_Cytophagia;D3__ Cytophagales ;D 4_ Fl ammeovir gaceae ;
D 5__Roseivirga

D 0_ Bacteria;D|__Bacteroidetes ;D_»_Cytophagia;D3__ Cytophagales ;D 4_ Fl ammeovir gaceae ;
D 5__uncul tured

D _0_ Bacteria;D_|__Bacteroidetes ;b_»_Cytophagia;D 3__Cytophagal es ;D 4_ MWH-

CFBKk5; D 5 uncul tured bacterium

D O0_ Bacteria;D | __ Bacteroidetes ;D_»_ Cytophagia;D 3__ Cytophagal es ;O her; O her

D O0_ Bacteria;D|__ Bacteroidetes ;D 2 Cytophagia;D3__ Oder

11;D 4 Rhodothernmaceae ;D 5 Rubrivirga

D O0_ Bacteria;D|__ Bacteroidetes ;D 2 Cytophagia;D3__ Oder

11;D 4 Rhodot hermaceae ;D 5__uncul tured

D 0_ Bacteria;D|__Bacteroidetes ;D_»_Cytophagia;D3__Oder 11;D_4_ Rhodothermaceae ;C her
D 0_ Bacteria;D|__ Bacteroidetes ;D 2 Cytophagia;D3__ Oder

I11;D 4 uncultured; D5 uncultured organi sm

D _O__Bacteria ;D | __Bacteroidetes ;D_2_Flavobacter iia;D 3__Flavobacter iales;D 4_ Bl attabac

teriaceae; D5 Blattabacter ium

D O0_ Bacteria ;D | __ Bacteroidetes
teriaceae ;D 5 Candidatus Sulcia

;D_2 _ Flavobacter

iia;D 3__Flavobacter

ales;D 4_ Bl attabac

D 0_ Bacteria ;DI __ Bacteroidetes

;D_2_ Flavobacter ii

teriaceae ;D 5__Candi datus Uzinura

a;D 3__ Flavobacter

ales;D 4__ Bl attabac

D O_ Bacteria ;D | __ Bacteroidetes
aceae; D 5 Crociniton x

;D_2_ Flavobacter ii

a;D 3__ Flavobacter

ales;D 4__ Cryonorph

D O_ Bacteria ;D | __ Bacteroidetes
aceae; D 5__ Fluviicola

;D_2_ Flavobacter ii

a;D 3__ Flavobacter

ales;D 4__ Cryonorph

D O_ Bacteria ;D | __ Bacteroidetes
aceae; D 5 Onenweeksi a

;D_2_ Flavobacter ii

a;D 3__ Flavobacter

ales;D 4__ Cryonorph

D O_ Bacteria ;D | __ Bacteroidetes
eriaceae;D 5 Bergeyella

;D_2_ Flavobacter ii

a;D 3__ Flavobacter

ales;D 4__ Flavobact

D O_ Bacteria ;D | __ Bacteroidetes
eri aceae; D 5 __ Capnocyt ophaga

;D_2_ Flavobacter ii

a;D 3__ Flavobacter

ales;D 4__ Flavobact

D O_ Bacteria ;D | __ Bacteroidetes
eriaceae;D 5 Chryseobacter ium

;D_2_ Flavobacter ii

a;D 3__ Flavobacter

ales;D 4__ Flavobact

D O0_ Bacteria ;D | __ Bacteroidetes
eriaceae;D 5 (O oacibacter ium

;D_2_ Flavobacter ii

a;D 3__ Flavobacter

ales;D 4__ Flavobact

D O0_ Bacteria ;D | __ Bacteroidetes
eriaceae ;D 5__ Epilithoni nonas

;D_2_ Flavobacter ii

a;D 3__ Flavobacter

ales;D 4__ Flavobact

D 0_ Bacteria ;D | __ Bacteroidetes
eriaceae;D 5 Flavobacter i um

;D_2_ Flavobacter ii

a;D 3__ Flavobacter

ales;D 4__ Flavobact

D O_ Bacteria ;D | __ Bacteroidetes
eriaceae; D_5_ Celidibacter

;D_2_ Flavobacter ii

a;D 3__ Flavobacter

ales;D 4__ Flavobact

D O0_ Bacteria ;D | __ Bacteroidetes
eriaceae;D5 Gllisia

;D_2_ Flavobacter ii

a;D 3__ Flavobacter

ales;D 4__ Flavobact

D O_ Bacteria ;D | __ Bacteroidetes
eriaceae; D 5 __ Salinimcrobium

;D_2_ Flavobacter ii

a;D 3__ Flavobacter

ales;D 4__ Flavobact
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D 0_ Bacteria;D|__Bacteroidetes ;D_»_ Flavobacter iia;D_3 _ Flavobacter iales;D 4 __ Flavobact
eriaceae;D 5 \autersiella

D 0_ Bacteria;D|__Bacteroidetes ;D_»_ Flavobacter iia;p_3 _ Flavobacter iales;D 4 __ Flavobact
eriaceae;D 5 __uncul tured

D 0_ Bacteria;D|__Bacteroidetes ;D_»_ Flavobacter iia;D_3 _ Flavobacter iales;D_4_ Fl avobact
eriaceae; O her

D 0 Bacteria;DI|__Bacteroidetes ;D 2 Flavobacter iia;D_3__ Flavobacter iales;D 4 NS9
marine group; D 5__uncultured Bacteroidetes bacterium

D O_ Bacteria;DI|__Bacteroidetes ;D 2 Flavobacter iia;D_3__ Flavobacter iales;D 4 NS9
marine group;D 5 uncultured bacterium

D O0_ Bacteria;D | __ Bacteroidetes ;D_2_ SB-1 ;D 3_ uncultured bacterium D4_ ;D5

D O_ Bacteria;D_|__Bacteroidetes ;D_2 Z=B-5;Q her ;O her ; O her

D 0_ Bacteria ;D | __ Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__AKYH?
67, D 5 uncultured bacterium

D 0_ Bacteria;D|__ Bacteroidetes ;D_2_ Sphingobacter iia;b_3__Sphingobacter iales;p_4__AKYH/
67;Q her

D 0_ Bacteria;D|__ Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;po_4__CWT
CU03-E12; D 5 _uncul tured bacterium

D 0_ Bacteria ;D |__ Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;po_4__CWT
CU03-E12; O her

D 0_ Bacteria;D|__Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_5__ Chi ti nophaga

D 0_ Bacteria;D|__Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_5__Ferrugi ni bacter

D 0_ Bacteria;D|__Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_5 Filinpbnas

D 0_ Bacteria;D|__ Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_5__Fl avi hum bact er

D 0_ Bacteria;D|__Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_5__Fl avi sol i bacter

D 0_ Bacteria;D|__Bacteroidetes ;D_2_ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_5__Flavital ea

D 0_ Bacteria;D|__Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_s__ Hydrotal ea

D 0_ Bacteria;D|__Bacteroidetes ;D_2_ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_s5__Laci bacter

D 0_ Bacteria;D|__Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_s__Ni abel |l a

D 0_ Bacteria;D|__Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_s__ N astella

D 0_ Bacteria;D|__ Bacteroidetes ;D_2_ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_s5__Parasegeti bacter

D 0_ Bacteria;D|__ Bacteroidetes ;D_2_ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_5__Sedi m ni bacter i um

D 0_ Bacteria;D|__Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_5__ Segeti bacter

D 0_ Bacteria;D|__Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_s__Tai baiella

D 0_ Bacteria;D|__ Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_5 Terrinonas

D 0_ Bacteria;D|__Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ;D_5 uncul tured

D 0_ Bacteria ;D |__Bacteroidetes ;D_2_ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Chiti
nophagaceae ; & her

D 0_ Bacteria ;D | __Bacteroidetes ;D_2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__FFCH
454; D 5 uncul tured bacterium

D 0_ Bacteria ;D |__Bacteroidetes ;D_2_ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__KD3-
93; D 5 uncultured bacterium

D 0_ Bacteria;D|__ Bacteroidetes ;D_2_ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__KD3-
93 ; O her

D 0_ Bacteria ;D |__Bacteroidetes ;D 2__ Sphingobacter iia;b_3__ Sphingobacter iales;p_4__Li UJ

11-161; D 5_ uncul tured Bacteroidetes bacterium
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DO Bacteria ;D | __Bacteroidetes ;D 2 Sphingobacter iia;D3__ Sphingobacter iales;D A _Li UK
11-161; & her

D 0_ Bacteria ;D | __ Bacteroidetes ;D 2__ Sphingobacter iia;D 3 _ Sphingobacter iales;D_A__NS11-
12 marine group; D 5__uncultured Bacteroidetes bacterium

D O_ Bacteria ;D | __ Bacteroidetes ;D 2__ Sphingobacter iia;D_3__ Sphingobacter iales; D_A__NSll-
12 marine group;D 5 uncultured bacterium

D O_ Bacteria ;D | __ Bacteroidetes ;D 2__ Sphingobacter iia;D_3__ Sphingobacter iales; D_A__NSll-
12 marine group; & her

D O_ Bacteria ;D | _ Bacteroidetes ;D _2__ Sphingobacter ii
HE51; D 5 uncultured bacterium

a;D_3__ Sphingobacter iales;D A _PHOS

D O0_ Bacteria ;D | __ Bacteroidetes ;D _2__ Sphingobacter ii
21;D 5 uncultured bacterium

a;D_3___Sphingobacter iales;D A__S15-

D O_ Bacteria ;D | _ Bacteroidetes ;D _2__ Sphingobacter ii
spiraceae ;D 5 Aureispira

a;D_3__ Sphingobacter iales;D A __Sapro

D O_ Bacteria ;D | __ Bacteroidetes ;D _2__ Sphingobacter ii
spiraceae ;D 5 uncul tured

a;D_3__ Sphingobacter iales;D A __Sapro

D 0_ Bacteria ;D |__ Bacteroidetes ;D 2__ Sphingobacter i
gobacteriaceae; D 5__ Arcticibacter

ia;D3__ Sphingobacter iales;D_A__Sphin

D O0_ Bacteria ;D | __Bacteroidetes ;D 2 Sphingobacter iia;D_3__ Sphingobacter iales;D_A _Sphin
gobacteriaceae ;D 5_ Micil agi ni bact er -

D 0_ Bacteria ;D | __ Bacteroidetes ;D 2__ Sphingobacter iia;D3__ Sphingobacter iales;D_A__Sphin
gobacteriaceae ;D 5 Nubsella

D O0_ Bacteria ;D | __Bacteroidetes ;D 2 Sphingobacter iia;D_3__ Sphingobacter iales;D_A _Sphin
gobact eri aceae ;D 5__Qdivibacter -

D 0_ Bacteria ;D | __ Bacteroidetes ;D 2__ Sphingobacter iia;D3__ Sphingobacter iales;D_A__Sphin
gobacteri aceae; D_5__ Pedobact er

D 0_ Bacteria ;D | __Bacteroidetes ;D 2 Sphingobacter iia;D_3__ Sphingobacter iales;D_A _Sphin
gobacteriaceae ;D 5 Pseudosphi ngobacter ium B

D O0_ Bacteria ;D | __ Bacteroidetes ;D 2__ Sphingobacter iia;D3__ Sphingobacter iales;D_A__Sphin
gobacteriaceae; D5 __Solital ea

D O0_ Bacteria;D|__Bacteroidetes ;D 2  Sphingobacter iia;D_3__ Sphingobacter iales;D_A _Sphin
gobacteri aceae ;D 5 Sphingobacter ium B

D 0_ Bacteria ;D | __Bacteroidetes ;D 2__ Sphingobacter iia;D3__ Sphingobacter iales;D_A__Sphin
gobacteriaceae; D 5__uncul tured

D 0_ Bacteria ;D | __ Bacteroidetes ;D 2__ Sphingobacter iia;D3__ Sphingobacter iales;D_A__Sphin

gobact eri aceae; O her

D O_ Bacteria ;D | __ Bacteroidetes ;D 2__ Sphingobacter
-69;D5_ uncultured bacterium

ia;D3__ Sphingobacter iales;D_A_ _WHB1

D O_ Bacteria ;D | _ Bacteroidetes ;D _2__ Sphingobacter ii
-69; O her

a;D_3___Sphingobacter iales;D A _WCHB1

D O_ Bacteria ;D | _ Bacteroidetes ;D _2__ Sphingobacter ii
PS 17;D 5 uncultured Bacteroidetes bacterium

a;D_3__ Sphingobacter iales;D_A__env.0

D O_ Bacteria ;D | _ Bacteroidetes ;D _2__ Sphingobacter ii
PS 17;D 5__uncultured bacterium

a;D_3__ Sphingobacter iales;D_A__env.0

D O0_ Bacteria ;D | __Bacteroidetes ;D 2  Sphingobacter iia;D_3__ Sphingobacter iales;Cher ;Che
r

D O_ Bacteria ;D | __Bacteroidetes ;D 2 _VC2.1 Bac22;D 3_ _uncultured bacter ium D4_ ;D_5

D O_ Bacteria ;D | __ Bacteroidetes ;D 2 _WCHBI-32;D 3__ uncultured bacterium D4_ ;D _5 _

D O_ Bacteria ;DI __Bacteroidetes ;D 2 vadinHAl 7;D 3_ uncultured Bacter oidal es
bacterium D4 ;D5

D O_ Bacteria ;D | __Bacteroidetes ;D 2 vadinHAl 7;D 3_ uncultured bacterium D4_ _:E_5

D O0_ Bacteria ;DI __Bacteroidetes ;O her ;O her ;Qher ;O her

D 0O_ Bacteria ;D | __Candidate division BRCL;D 2 uncultured bacterium D_.3 ;D 4 ;D5

D O0_ Bacteria;D|__ Candidate division BRCl;D 2 uncultured organism D 3_ ;D 4 ;e 5

D O0_ Bacteria ;D | __Candidate division BRCL;Qher ;OQher ;O her ;O her

D O_ Bacteria ;D | __ Candidate division 0D1;D 2_ uncultured Par cubacteria
bacterium D_3_ ;D 4 ;D5

D 0 Bacteria ;DI|__ Candidate division OD1;D_2 uncultured bacterium D 3 :D 4 :p 5
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D O_ Bacteria;D | __Candidate division ODI;D 2 uncultured soil
| bacterium D3 ;D4 ;D5
D 0_ Bacteria ;DI __Candidate division OD1;CQher ;O her ;O her ;O her
D 0_ Bacteria;D|__Candidate division OPIl;D_2_ uncultured bacterium D3_ ;D4 ;D5
D O_ Bacteria;D | __Candidate division OPIl;D 2__ uncultured candidate division WS6
| bacterium D3 ;D4 ;D5
D O_ Bacteria;DI|__ _Candidate division OP11;OQher ;O her ;G her ;O her
D 0_ Bacteria;b_1__ Candidate division OP3;D 2_ uncul tured Omitrophica
bacterium D3 ;D 4 ;D 5
D 0_ Bacteria ;D_1_7Candi date division OP3;D 2_ uncultured bacterium;D 3_ ;D_4 ;D5
D O_ Bacteria;b_1_ Candidate division SR ;D 2_ uncultured bacterium;D 3 ;D 4 ;D 5
D O_ Bacteria;b_1_ Candidate division TM7;D 2_ uncultured bacterium;D 3 ;D 4 ;D 5
D O_ Bacteria;b_i1_ Candidate division TM/;D 2_uncultured soil
bacterium 0.3 ;D 4 :D 5
D O_ Bacteria;b_i1__ Candidate division TM/; O her ;O her ;O her ;C her
D O_ Bacteria;b_1_ Candidate division W83;D 2__uncultured bacterium;D 3 ;D 4 ;D 5
D O_ Bacteria;b_1__ Candidate division WS3;Qher ;O her ;O her ;Q her
D 0_ Bacteria ;D | __ Chlanydiae ;D 2__ Chlanydiae ;D 3__ Chlanydiales ;D 4__ Chlanydi aceae ;D 5__u
ncul tured Chlanydial es bacterium
D O0_ Bacteria ;D | __Chlanydiae ;D 2__ Chlanydiae ;D _3__Chlanydiales ;D 4__ Chl anydi aceae ;O her
D 0_ Bacteria ;D | __Chlanydiae ;D 2__ Chlanydiae ;D _3__ Chlanydiales ;D 4_ Parachl anydi aceae ;D_
5__Candi datus Met achl anydi a
D 0_ Bacteria ;D | __ Chlanydiae ;D 2__ Chlanydiae ;D _3__ Chlanydiales ;D 4__ Parachl anydi aceae ;D_
5__Candi datus Protochl anydi a
D 0_ Bacteria ;D | __ Chlanydiae ;D 2__ Chlanydiae ;D _3__ Chlanydiales ;D 4__ Parachl anydi aceae ;D_
5 Neochl anydi a
D 0_ Bacteria ;D | __Chlanydiae ;D 2__ Chlanydiae ;D _3__ Chlanydiales ;D 4__ Parachl anydi aceae ;D_
5__Parachl anydi a
D O_ Bacteria ;D | __ Chlanydiae ;D _2__ Chlanydiae ;D _3__Chlanydiales ;D 4_ Parachl anydi aceae ;Ot
her
D 0_ Bacteria ;D | __ Chlanydiae ;D 2__ Chlanydiae ;D _3__ Chlanydiales ;D 4__ Sinkani aceae ;D 5_ Ca
ndi dat us Rhabdochl anydi a
D 0_ Bacteria ;D | __ _Chlanydiae ;D _2__ Chlanydiae ;D _3__Chlanydiales ;D 4__Sinkani aceae ;& her
D O_ Bacteria ;D | __ Chlanydiae ;D 2__ Chlanydiae ;D 3__ Chlanydiales ;D 4_ \Waddli aceae ;D_5__ \Wad
dlia
D O0_ Bacteria ;D | __ Chlanydiae ;D 2__ Chlanydiae ;D 3_ Chlanydiales ;D 4_ cvE6;D 5 uncultured
| bacterium
D O0_ Bacteria ;D | __ Chlanydiae ;D 2__ Chlanydiae ;D 3__ _Chlanydiales ;D 4_ cvE6 ;O her
D O_ Bacteria ;D | __Chlanydiae ;D 2__ Chlanydiae ;D 3__Chl anydi al es ;O her ;Q her
D O0O_Bacteria ;DI __Chlorobi ;D2 Chlorobia ;D3 Chlorobiales ;D4 OPB56;D 5 uncultured
| bacterium
D O_ Bacteria ;DI __Chlorobi ;D2 Chlorobia;D 3 Chlorobiales ;D4 SJA-28;D 5 uncul tured
| bacterium
D O_ Bacteria ;D | __Chlorobi ;D 2__lgnavibacter ia;D 3__Ignavibacter iales;D 4_ BSV26 ;D 5__un
| cultured bacterium
D O0_ Bacteria ;D | __Chlorobi ;D 2__ lgnavibacter ia;D 3__Ignavibacter iales;D 4_ PHO=-
| HE36; D 5 uncultured bacterium
D_OiBacterl a;DI|__Chlorof lexi ;D 2_ Anaerolineae ;D_3__ Anaerolineales ;D 4__ Anaerolineaceae
;D 5 Anaerolinea
D_OiBacten a;DIl__Chlorof lexi ;D 2_Anaerolineae ;D 3__ Anaerolineales ;D 4__ Anaerolineaceae
;D 5__Longilinea
D_OiBacterl a;DI|__Chlorof lexi ;D 2_ Anaerolineae ;D 3__ Anaerolineales ;D_4 Anaerolineaceae
;D5 Onatilinea
D O0_ Bacteria ;D | __Chlorof lexi ;D 2__ Anaerolineae ;D _3__Anaerolineales ;D 4_ Anaerolineaceae
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;D 5 _uncul tured

D 0_ Bacteria;D_|__Chlorof |exi
, Ot her

;Db_2 _ Anaerolineae ;D_3__Anaerolineales ;D 4_ Anaerolineaceae

D 0_ Bacteria;D_|__Chlorof |exi
bacteriunm D5

;D_2_ Ardenticatenia ;D 3__ Ardenticatenales ;D 4_ uncul tured

D 0_ Bacteria;D_|__Chlorof |exi

;D_2 _Ardenticatenia ;D_3__Ardenticatenal es ;CQ her ;C her

D 0_ Bacteria;D_|__Chlorof |exi
Chloroflexi bacterium D5_

;D_2_Ardenticatenia ;D_3__uncultured; D 4_ uncul tured

D 0_ Bacteria;D_|__Chlorof |exi
bacterium D5

;D_2 Ardenticatenia ;D _3__uncultured; D 4_ uncul tured

D 0_ Bacteria;D_|__Chlorof |exi
5 Litorilinea

;b_2 Caldilineae;D 3__Caldilineales ;D 4_ Caldilineaceae ;D_

D 0_ Bacteria;D_|__Chlorof |exi
5__uncul tured

;b_2_ Caldilineae;D 3__ Caldilineales ;D 4__ Caldilineaceae ;D_

D 0_ Bacteria;D_|__Chlorof |exi
bacterium D5

;b_2_ Chloroflexia;D 3__AKIW781;D 4_ uncul tured

D 0_ Bacteria;D_|__Chlorof |exi

;D_2_ Chloroflexia;D3__AKIW 81;CQ her ;O her

D 0_ Bacteria;D_|__Chlorof |exi
5__Chl orof | exus

;b_2_ Chloroflexia;D 3__Chloroflexales;D 4_ Chlorofl exaceae

D_aiBact eria;D | __Chlorof |exi
;D 5 Chl oronema

;b_2_ Chloroflexia;D 3__Chloroflexales;D 4_ Chlorofl exaceae

D 0_ Bacteria;D_|__Chlorof |exi
Incertae Sedis;D 5 Candi datus

;b_2_Chloroflexia;D 3__Chloroflexales;D 4_ Chloroflexales
Chl orot hrix

D 0_ Bacteria;D_|__Chlorof |exi
ncul tured bacterium

;b_2_Chloroflexia;D 3__Chloroflexales;D 4_ FFCH7168;D 5_ u

D 0_ Bacteria;D_|__Chlorof |exi
ceae;D 5 Gscillochloris

;b_2_Chlorof lexia;D 3__Chloroflexales;D 4_ Cscillochlorida

D 0_ Bacteria;D_|__Chlorof |exi
D 5__Rosei fl exus

;b_2_Chlorof lexia;D 3__Chlorof | exal es;D 4_ Roseif | exaceae;

D 0_ Bacteria;D_|__Chlorof |exi
naceae; D 5 Herpetosi phon

;b_2_ Chlorof I exia;D 3__Herpetosiphonal es ;D 4__ Her pet osi pho

D 0_ Bacteria;D_|__Chlorof |exi

;b_2_ FElev-1554 ;D 3_ uncul tured bacterium D4_ ;D5

D 0_ Bacteria;D_|__Chlorof |exi

;D_2_ Gtt-GS-136 ;D 3_ uncultured bacterium D4_ ;D5

D 0_ Bacteria;D_|__Chlorof |exi

;D_2_ G tt-GS-136; O her ;O her ;O her

D 0_ Bacteria;D_|__Chlorof |exi
bacterium D4 :D 5

;D_2_ J&B0-KF-CM66 ;D _3__uncul tured Chlorofl exi

D 0_ Bacteria;D_|__Chlorof |exi

;D_2_ JGO0-KF-CM66 ;D 3__uncultured bacterium D4_ ;D5

D 0_ Bacteria;D_|__Chlorof |exi
bacterium D4 ;D 5

;D_2_ JG0-KF-CM66 ;D 3__uncul tured soil

D 0_ Bacteria;D_|__Chlorof |exi

;D_2_ JGBO0-KF-CM56;Qt her ;O her ; Ot her

D 0_ Bacteria;D_|__Chlorof |exi
bacterium D4 :D 5

;D_2_ J&B7-AG4;D 3__uncultured Chloroflexi

D 0_ Bacteria;D_|__Chlorof |exi

;D_2_ J&@7-AG4;D3__uncultured bacterium D4_ ;D5

D 0_ Bacteria;D_|__Chlorof |exi

;D_2_J&B7-AG 4;Q her ;O her ;O her

D 0_ Bacteria;D_|__Chlorof |exi

;D_2_ KD4-96;D 3_ bacterium EI1in6529;D 4 ;D5

D 0_ Bacteria;D_|__Chlorof |exi
bacterium D4 :D 5

;D_2 KD4-96 ;D 3__uncul tured Chlorofl exi

D 0_ Bacteria;D_|__Chlorof |exi

;D_2_  KD4-96;D 3__uncultured bacterium D4_ ;D5

D 0_ Bacteria;D_|__Chlorof |exi

;D_2 _ KD4-96 ; Ot her ;O her ; Ot her

D 0_ Bacteria;D_|__Chlorof |exi
bacterium D5

;D_2 _ Ktedonobacteria; D 3 __ B10-SB3A; D_4_ uncul tured

D 0_ Bacteria;D_|__Chlorof |exi
bacteriunm D5

;D_2 _ Ktedonobacteria; D 3__ B12-WSP1 ;D_4_ uncul tured

D 0_ Bacteria;D_|__Chlorof |exi

;D_2 _ Ktedonobacter ia;D 3_ CO119;D 4_ uncul tured
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Chl orofl exi bacterium D5_

D O_ Bacteria ;D1 Chloroflexi ;D_2»__Ktedonobacteria ;p_3__0C0119;D 4_ uncul tured
bacterium D5

D O_ Bacteria;D1_Chloroflexi ;D _2__ Ktedonobacteria ;p_3__00119;D 4_ uncultured soil
bacterium D5

D O_ Bacteria ;D1 Chloroflexi ;D_2__Ktedonobacteria ;p_3__00119;C her ;C her

D O_ Bacteria ;D1 Chloroflexi ;D_2»__Ktedonobacteria ;p_3__JG0-KF-AS9 ;D 4_ uncul tured
bacterium D5

D O_ Bacteria;D 1 Chloroflexi ;D_2__ Ktedonobacteria ;p_3__JG0-KF-AS9; O her ; & her

0_ Bacteria ;D 1_Chloroflexi ;D _2_Ktedonobacteria ;b_3__Ktedonobacterales ;b_4__1921-
;D5 uncultured bacterium

Bacteria ;D 1_ Chloroflexi ;D_2__Ktedonobacteria ;p_3__Ktedonobacteral es ;D_a__1959-

D
3
D O_ Bacteria;D 1 Chloroflexi ;D_2__ Ktedonobacteria ;Db_3__Ktedonobacterales ;D_a__1921-
3
D
1;D 5 uncultured bacterium

__Bacteria ;D1 _ Chloroflexi ;D_2__ Ktedonobacteria ;b_3__Ktedonobacteral es ;D_a__BacC u-
;D 5__uncultured bacterium

o O
g
o ©

D O_ Bacteria ;D1 Chloroflexi ;D_2»__Ktedonobacteria ;b_3__Ktedonobacteral es ;Db_4__FCPS473; D

5 uncul tured Ktedonobacter sp.

_D_Oi Bacteria ;D 1_ Chloroflexi ;D_2__Ktedonobacteria ;b_3__Ktedonobacteral es ;D_a__FCPS473; D

5 uncultured bacterium

_D_OiBact eria;D 1 Chloroflexi ;D_2__Ktedonobacteria ;pb_3__Ktedonobacteral es ;D_4__FCPS473; 0
t her

D O_Bacteria;D1_ Chloroflexi ;D_2_Ktedonobacteria ;p_3__Ktedonobacteral es ;D_4__Gl2-
WWBP1; D 5 uncultured Chloroflexi bacterium

D O_ Bacteria ;D1 Chloroflexi ;D_2__Ktedonobacteria ;p_3__Ktedonobacterales ;p_4_Gl2-
WVBP1; D 5__ uncul tured bacterium

D O_ Bacteria;D 1 Chloroflexi ;D_2__ Ktedonobacteria ;p_3__Ktedonobacterales ;b_4_HSB OF53-
FO07;D 5 uncul tured Ktedonobacter sp.

D O_ Bacteria ;D1 Chloroflexi ;D_2__ Ktedonobacteria ;p_3__Ktedonobacterales ;b_4_HSB OF53-
FO7;D 5_ uncultured bacterium

D O_ Bacteria ;D1 Chloroflexi ;D_2__ Ktedonobacteria ;p_3__Ktedonobacterales ;b_4_HSB OF53-
FO07; QO her

D O_ Bacteria;D 1 Chloroflexi ;D_2__ Ktedonobacteria ;p_3__Ktedonobacterales ;b_4_JG3 Oa-KF-
32;D 5_ _uncultured Ktedobacter ia bacterium

D O_ Bacteria;D 1 Chloroflexi ;D_2__ Ktedonobacteria ;p_3__Ktedonobacteral es ;D_4_JG3 Oa-KF-
32;D 5_ _uncultured bacterium

D O_ Bacteria;D 1 Chloroflexi ;D_2__ Ktedonobacteria ;p_3__Ktedonobacterales ;D_4_JG3 Oa-KF-
32; O her

D O_ Bacteria ;D1 Chloroflexi ;D_2__ Ktedonobacteria ;p_3__Ktedonobacteral es ;D_4__ Kt edonoba
cter aceae ;D 5__ Kt edonobact er

D O_ Bacteria;D1_ Chloroflexi ;D_2__ Ktedonobacteria ;p_3__Ktedonobacteral es ;D_4__ Kt edonoba
cteraceae ;D 5 uncul tured

D O_ Bacteria ;D 1_ Chloroflexi ;D_2__ Ktedonobacteria ;p_3__Ktedonobacteral es ;D_4__ Kt edonoba
cter aceae ; O her

D O_Bacteria;D 1 Chloroflexi ;D_2_ Ktedonobacteria ;b_3__Ktedonobacteral es ;b_a4__ Thernmospo
rotrichaceae ;D 5 Thernosporothr ix

D O_Bacteria;D 1 Chloroflexi ;D_2_ Ktedonobacteria ;b_3__Ktedonobacteral es ;b_4__ Thermospo
rotrichaceae ;D 5 uncul tured

D O_ Bacteria ;D1 Chloroflexi ;D_2»__ Ktedonobacteria ;pb_3__Ktedonobacteral es ;& her ;O her

0_ Bacteria;D|__ Chloroflexi ;D 2__ Ktedonobacter ia;D_3__Thernogenmati sporales ;D 4_ 1921-
;D 5 uncultured Ktedobacter ia bacterium

0_ Bacteria ;D1 Chloroflexi ;D_2_ Ktedonobacteria ;b_3_jrhernmogemmatisporales ;D 4 1921-
;D5 _uncultured bacterium

) 0__Bacteria ;D 1_ Chloroflexi ;D_2_ P2-11E;D 3 _ _uncultured bacterium D4_ ;D 5

D O_ Bacteria;D 1 Chloroflexi ;D_2_ sS085;D 3_ uncultured Chloroflexi
bacterium D4_ ;D5

D O_ Bacteria;D1_ Chloroflexi ;D_2_ sS085;D 3_ uncultured bacterium D4_ ;p_5__
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D O0_ Bacteria;p_1_ Chloroflexi ;p_2_SAR2 02 clade; D _3_ uncultured bacterium E4_ ;E5_

D O0_ Bacteria;p_1_ Chloroflexi ;p_2_SAR2 02 clade;Q her ;O her ;O her

D O0_ Bacteria;p_1_ Chloroflexi ;p_2 ZHA-26;D 3__uncultured bacterium D4_ ;D5

D O0_ Bacteria;p_1_ Chloroflexi ;p_2_TK1 0;D 3_ bacterium El1in6543;D4_ ;D5

D O0_ Bacteria;p_1_ Chloroflexi ;p_2_TK10;D_3 _ _uncul tured Chlorofl exi

bacterium E 4 ;p_5_

D O0_ Bacteria;p_1_ Chloroflexi ;p_2 TK10;D 3_ uncultured bacterium D4_ ;D5

D O0_ Bacteria;p_1_ Chloroflexi ;p_2_TK10;D 3_ uncultured soil

bacterium D4 ;D5

D 0_ Bacteria;p_1_ Chloroflexi ;p_2_TK1 0;CQ her ;O her ;O her

DO _Bacteria;p_1__ Chloroflexi ;b_2 Thernmom crobia;D_3_ AKYGL722;D_4__uncul tured
bacterium D5 T

D O0_ Bacteria;p_1__ Chloroflexi ;p_2 _Thermoni crobia ;D_3__ AKYGL722;Ct her ;Q her

D O0_ Bacteria;D1_ Chloroflexi ;po_2_Thernonicrobia;E 3__JG0-KF-CMA5;E 4_ uncul tured
Chloroflexi bacterium D5_

D O0_ Bacteria;D1_ Chloroflexi ;p_2_Thernonicrobia;E 3__JG0-KF-CMA5;E 4_ uncul tured

Ther nomi crobia bacterium E 5

D O_ Bacteria;p_i1__ Chloroflexi ;p_2 Thernomicrobia;E 3 J&O0-KF-CW5;E 4_ uncul tured
bacterium D5 T

D O0_ Bacteria;p_1__ Chloroflexi ;pb_2_Thernonicrobia;E 3_ JGO0-KF-CWA5;C her ;O her

D 0_ Bacteria;D_| _ Chloroflexi ;p_2 __Thernon crobia;E_3__Sphaerobacteral es ;E_4__Sphaer obac
teraceae;E 5 N trol ancea

D 0_ Bacteria;p_1__ Chloroflexi ;p_2 _Thernon crobia;E_3__Sphaerobacteral es ;E_4__Sphaer obac

ter aceae ; O her

D 0_ Bacteria;p_1__ Chloroflexi ;p_2 _uncultured; E_3__uncultured Chloroflexi

bacterium E 4 ;p_5_

D O0_ Bacteria;p_1_ Chloroflexi ;p_2 _uncultured; E 3_ uncultured bacterium E4_ ;E5

D O0_ Bacteria;p_i1__ Chloroflexi ;p_2 uncultured; E 3__uncultured soil

bacterium E.4_ ;E5

D 0_ Bacteria;p_i1__ Chloroflexi ;p_2 _uncultured Bellilinea sp.;E_3_ ;D 4 ;E 5

D O_ Bacteria;p_i1__ Chloroflexi ;O her ;CQher ;Qher ;O her

D 0_ Bacteria;bp_i1__ Cyanobacter
nechococcus

ia;b_2_ Cyanobacteria;E 3__ Subsecti

onl

yE_4 Familyl ;E 5 Sy

D 0_ Bacteria;D 1__ Cyanobacter
Chr oococci di opsi s

a;D_2__ Cyanobacter

ia;E_3__ Subsecti

onl

I;E4_ Famlyl | ;E5

D 0_ Bacteria;bp_1i__ Cyanobacter
Pl eur ocapsa

a;D_2__ Cyanobacter

ia;E_3__ Subsecti

onl

I;E4_ Famlyl | ;E 5

D 0_ Bacteria;bp_1i__ Cyanobacter
Crinalium

a;D_2__ Cyanobacter

ia;E_3__ Subsecti

on

11;E 4_ Famlyl ;E 5

D 0_ Bacteria;bp_1i__ Cyanobacter
Lept ol yngbya

a;D_2__ Cyanobacter

ia;E_3__ Subsecti

on

11;E 4_ Famlyl ;E 5

D 0_ Bacteria;bp_1i__ Cyanobacter
M crocol eus

a;D_2__ Cyanobacter

ia;E_3__ Subsecti

on

11;E 4_ Famlyl ;E 5

D 0_ Bacteria;bp_i1__ Cyanobacter
Phor m di um

a;D_2__ Cyanobacter

ia;E_3__ Subsecti

on

11;E 4_ Famlyl ;E 5

D 0_ Bacteria;bp_i1i__ Cyanobacter
Pl ankt ot hr i x

a;D_2__ Cyanobacter

ia;E_3__ Subsecti

on

11;E 4_ Famlyl ;E 5

D 0_ Bacteria;bp_i1__ Cyanobacter
uncul tured

a;D_2__ Cyanobacter

ia;E_3__ Subsecti

on

11;E 4_ Famlyl ;E 5

D 0_ Bacteria;bp_i1__ Cyanobacter

a;D_2__ Cyanobacter

ia;E_3__ Subsecti

onl

I'l;E_4_ Fanilyl ;O her

D 0_ Bacteria;bp_i1__ Cyanobacter
nabaena

a;D_2__ Cyanobacter

ia;E_3__ Subsecti

onlV; E4_ Famlyl ;E 5

A

D 0_ Bacteria;bp_i1__ Cyanobacter
| oeotrichia

a;D_2__ Cyanobacter

ia;E_3__ Subsecti

onlV; E4_ Famlyl ;E5 G

D 0_ Bacteria;bp_i1__ Cyanobacter
odul ari a

a;D_2__ Cyanobacter

ia;E_3__ Subsecti

onlV; E4_ Famlyl ;E5 N
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D 0_ Bacteria;D 1_ _Cyanobacter
ost oc

a;D_2__ Cyanobacter ia;D 3_ SubsectionlV; D 4_ Fanilyl ;D5 N

D 0_ Bacteria;D 1_ _Cyanobacter
ri chornus

a;D_2__ Cyanobacter ia;D 3_ SubsectionlV; D 4_ Fanilyl ;D5 T

D 0_ Bacteria;D 1_ _Cyanobacteria;b_2__ Cyanobacter ia;D _3__ SubsectionlV; D 4_ Fanmilyl ;C her

D 0_ Bacteria;D 1_ _Cyanobacter
Cal ot hr i x

a;D_2__ Cyanobacter ia;D 3__SubsectionlV, D 4_ Fanilyl | ;D5

D 0_ Bacteria;D 1_ _Cyanobacter
bacterium D5

a;D_2__ Cyanobacter ia;D_3__uncultured; D 4_ uncul tured

D 0_ Bacteria;D 1_ _Cyanobacteria;b_2__ Cyanobacter ia;D 3__uncultured bacterium D4_ ;D5

D O0_ Bacteria;D 1_ _Cyanobacteria;b_2_ M635J3-21;D 3__uncultured bacterium D4_ ;D5

D 0_ Bacteria; D|_ _Cyanobacter
cyanobacter ium D_4 ;D5

a;D_2_ M635J-21; D 3__uncul tured

D 0_ Bacteria;D 1__Cyanobacteria;b_2_ M®635J-21;C her ;Q her ;Q her

D 0_ Bacteria; DI_ _Cyanobacter
red d oeobacter sp.;D5

a;D_2__Melainabacter ia;D_3 Obscuribacterales ;D 4_ uncultu

D 0_ Bacteria;D 1_ _Cyanobacter
red bacterium;D 5__

a;D_2__ Mel ai nabacter ia;D_3 Obscuribacterales ;D 4_ uncultu

D 0_ Bacteria; D |_ _Cyanobacteria;D_2__ Ml ai nabacter ia;D_3_ Cbscuribacterales ;D 4_ uncultu
red cyanobacterium;D5
D O0_ Bacteria; D_| _ _Cyanobacteria;b_2__ Ml ai nabacter ia;D_3_ Vanpirovibr ionales ;D 4_ uncult

ured bacterium D 5

D 0_ Bacteria;D 1_ _Cyanobacteria;D_2__ Ml ai nabacter ia;D_3_ Vanpirovibr ional es;Cher ;C her

D O_ Bacteria ;D | __ Deferribacteres ;D 2_ Deferribacteres ;D 3_ Deferribacterales ;D 4_ Defer
ri bacterales Incertae Sedis;D5__ Caldithrix

D 0_ Bacteria ;D __ Deinococcus-
Thernus; D 2 Dei nococci ;D 3_ Deinococcales ;D 4 Deinococcaceae ;D 5 Dei nococcus

D 0_ Bacteria ;D __ Deinococcus-
Thernus; D 2 Deinococci ;D 3 Deinococcales ;D 4 Trueperaceae ;D 5 Truepera

D 0_ Bacteria;D 1_ _Deinococcus-Thermus ;D 2 Deinococci ;D 3 KD3-62;D_4_ uncul tured
bacterium D5

D 0_ Bacteria ;D __ Deinococcus-
Thernus; D 2 Deinococci ;D 3 Thermales ;D 4 Thermaceae ;C_5__Thernus

D O0O_Bacteria;D1__FElusimcrobia;b_2_Elusimicrobia ;D 3_ FCPU453 ;Ct her ;O her

D O_ Bacteria;D1__Elusimcrobia;p_2_ Elusimcrobia ;D _3__Lineage |I|la;D 4_ uncultured
bacterium D5_

D O0_Bacteria;D1__FElusimcrobia;b_2_ FElusimicrobia ;D 3_ Lineage I1a; Oher ;Qher

D O_ Bacteria;D1__Elusimcrobia;b_2_ Elusimcrobia ;D _3__Lineage |lb;D 4_ uncultured

bacterium D5

D 0 Bacteria;D1__FElusimcrobia;b_2_ FElusimicrobia ;D 3_ Lineage IIb; Oher ;Qher

D O_ Bacteria;D1__Elusimcrobia;p_2_ Elusimcrobia ;D _3__Lineage |I|lc;D 4_ uncultured
bacterium D5_

D O_ Bacteria;D1__Elusimcrobia;b_2_ Elusimcrobia ;D _3__Lineage |V;D 4_ uncultured
bacterium D5_

D O_ Bacteria;D1__FElusimcrobia;b_2 FElusimicrobia;D3__MWP-88;D4_ uncultured
bacterium D5__

D O_ Bacteria;D1__Elusimcrobia;b_2 FElusimicrobia;D3__MP-88;Qher ;O her

D O_ Bacteria ;D | __ Fibrobacteres ;p_2_ Fibrobacteria ;D_3__Fibrobacterales ;D 4_ Fibrobacter
aceae; D 5__possible genus 04

D O_ Bacteria ;D | __ Fibrobacteres ;p_2_ Fibrobacteria ;D_3__Fibrobacterales ;D 4_ Fibrobacter
aceae ;D 5 uncul tured

D O_ Bacteria;D | __ Fibrobacteres ;D 2_ Fibrobacteria ;D_3__Fibrobacterales ;D 4_ possible
family 01;D 5_uncultured bacterium

D O_ Bacteria; DI_ _Firnmicutes;D 2 Bacilli ;D 3_ Baci Hales ;D 4_ Alicyclobacillaceae ;D5
Alicycl obacillus

D O_ Bacteria;D1_ _Firmcutes;D 2 Bacilli ;D 3_ Baci Hales ;D 4_ Alicyclobacillaceae ;D5

Tunebaci | | us
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D O_ Bacteria;D_; Firmcutes ;p_2_ Bacilli ;p_3 _Bacillales ;b_4 _ Alicyclobacillaceae ;CQ her
D O_ Bacteria;D_; _Firmicutes ;p_2_ Bacilli ;p_3_Bacillales ;b_4__ Bacillaceae ;D 5__Aeribaci
Il us

D O_ Bacteria;D_; _Firmcutes ;p_2_ Bacilli ;p_3_ Bacillales ;Dp_4_ _ Bacillaceae ;D_5__Anphi bac
illus

D O_ Bacteria;D_; _Firmicutes ;b_2_ Bacilli ;p_3 _Bacillales ;p_4__ Bacillaceae ;D _5__Anaeroba
cillus

D O_ Bacteria;D_; Firmcutes ;p_2_ Bacilli ;p_3_ Bacillales ;b_4 _ Bacillaceae ;D_5__Anoxybac
illus

D O_ Bacteria;D_; _Firmicutes ;p_2_Bacilli ;p_3_Bacillales ;p_4_ Bacillaceae ;D 5__Bacillus
D O_ Bacteria;D_; _Firmicutes ;b_2_ Bacilli ;p_3_Bacillales ;b_a4__ Bacillaceae ;D 5__Cal dal ka
l'i bacillus

D O_ Bacteria;D_; _Firmcutes ;p_2_ Bacilli ;p_3_Bacillales ;b_4 _ Bacillaceae ;D_5__Cal di bac
illus

D O_ Bacteria;D_; _Firmicutes ;p_2_ Bacilli ;p_3_Bacillales ;p_4__ Bacillaceae ;D 5__Cerasiba
cillus

D O_ Bacteria;D_; _Firmcutes ;p_2_ Bacilli ;p_3_Bacillales ;bp_4 _ Bacillaceae ;D _5__Fictibac
illus

D O_ Bacteria;D_; _Firmcutes ;p_2_ Bacilli ;p_3_Bacillales ;b_4 _Bacillaceae ;D _5__GCeobacil
| us

D O_ Bacteria;D_; _Firmicutes ;p_2_ Bacilli ;p_3_Bacillales;p_4__ Bacillaceae ;D 5__Gacilib
acillus

D O_ Bacteria;D_; _Firmcutes ;p_2_ Bacilli ;p_3_Bacillales ;b_4 _ Bacillaceae ;D_5__Hal obaci
Il us

D O_ Bacteria;D_; Firmcutes ;p_2_ Bacilli ;p_3 _Bacillales ;b_4 _ Bacillaceae ;D _5__Hal ol act
i bacillus

D O_ Bacteria;D_; _Firmcutes ;p_2_ Bacilli ;p_3_Bacillales ;b_4 _Bacillaceae ;D _5__Lentibac
illus

D O_ Bacteria;D_; _Firmicutes ;b_2_ Bacilli ;p_3_Bacillales ;p_4__ Bacillaceae ;D 5__Qceanoba
cillus

D O_ Bacteria;D_; _Firmicutes ;p_2_ Bacilli ;p_3_ Bacillales ;p_4_ Bacillaceae ;D _5__Pauci sal
i bacillus

D O_ Bacteria;D_; _Firmicutes ;p_2_Bacilli ;p_3_ Bacillales ;b_4_ Bacillaceae ;D _5__Sedimn ni
baci |l | us

D O_ Bacteria;D_; Firmcutes ;p_2_ Bacilli ;p_3_Bacillales ;b_4 _Bacillaceae ;D _5__Terribac
illus

D O_ Bacteria;D_; Firmcutes ;p_2_ Bacilli ;p_3_Bacillales ;b_a _Bacillaceae ;D_5__Ureibaci
Il us

D O_ Bacteria;D_; _Firmcutes ;p_2_ Bacilli ;p_3_Bacillales ;b_4 _Bacillaceae ;D _5__Virgi bac
illus

D O_ Bacteria;D_; _Firmcutes ;b_2_ Bacilli ;p_3 Bacillales;p_a4__ Bacillaceae ;D 5__uncul tur
ed

D O_ Bacteria;D_; _Firmcutes ;b_2_ Bacilli ;p_3 Bacillales ;D_a__ Bacillaceae ;Q her

D O_ Bacteria;D_; _Firmicutes ;p_2_ Bacilli ;p_3_Bacillales;p_a4_Famly XI;D_5_ Genella

D O0_ Bacteria;D|__Firmicutes ;p_2_ Bacilli ;p_3_ Bacillales;p_4_ Fanily

XI'l;D 5 Exiguobacter ium

D O_ Bacteria;D_; _Firmicutes ;p_2_ Bacilli ;p_3_Bacillales;p_a4_Fanmly XII;D5_ Incertae
Sedi s

D O_ Bacteria;D_; _Firmicutes ;b_2_ Bacilli ;p_s_ Bacillales ;p_4__Family Xli -Cher

D O_ Bacteria;D_; _Firmcutes ;p_2_ Bacilli ;p_3 _Bacillales ;b_4 _Listeriaceae;D_5_ Brochot
hrix

D O_ Bacteria;D_; Firmcutes ;p_2_ Bacilli ;p_3_ Bacillales ;b_4 _ Paenibacillaceae ;D 5__ Ane
ur i ni bacillus

D O_ Bacteria;D_; Firmcutes ;p_2_ Bacilli ;p_3_Bacillales ;b_4 _ Paenibacillaceae ;D 5_ Bre
vi baci | | us

D O_ Bacteria;D_; _Firmicutes ;p_2_ Bacilli ;p_3_Bacillales ;b_a__ Paenibacillaceae ;D 5__ Coh
nella

D O_ Bacteria;D_; _Firmicutes ;b_2_ Bacilli ;p_3 Bacillales ;b_a__ Paenibacillaceae ;D5 xa
| ophagus
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D 0_ Bacteria;D_1_Fi
ni baci I | us

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Paenibacill aceae ;D 5__ Pae

D O_ Bacteria;D_1_ Fi
char i bacill us

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Paenibacillaceae ;D 5__ Sac

D O_ Bacteria;D_1_ Fi
rmobaci | | us

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Paenibacillaceae ;D 5__ The

D 0_ Bacteria;D_1_Fi
ul tured

rm

cutes;b_2 Bacilli

;D_3__ Bacillales

;D_4__ Paeni bacillaceae ;D 5__unc

D O0_ Bacteria; D_I__Fi
ul tured bacterium

rm

cutes;b_2 Bacilli

;D_3__ Bacillales

;D_4__ Paeni bacillaceae ;D 5__unc

D O0_ Bacteria;D_1_Fi

rm

cutes;b_2 Bacilli

;D_3__ Bacillales

;D_4a__ Paeni baci |l | aceae ;O her

D 0_ Bacteria;D_1_Fi
ria

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Pasteur iaceae;D 5  Pasteu

D O_ Bacteria;D_1_ Fi
angi a

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Pl anococcaceae ;D_5__Chung

D O_ Bacteria;D_1_ Fi
tae Sedis

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Planococcaceae ;D 5_ Incer

D O_ Bacteria;D_1_ Fi
al i bacillus

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_a__ Pl anococcaceae ;D 5__ Jeotg

D 0_ Bacteria;D_1_Fi
i baci |l us

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Pl anococcaceae ;D 5__ Lysin

D O_ Bacteria;D_1_ Fi
spor osar ci ha

rm

cutes;b_2 Bacilli

;D_3__ Bacillales

;D_4__ Planococcaceae ;D 5__ Paeni

D O0_ Bacteria;D_1_Fi
coccus

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Planococcaceae ;D 5__ Piano

D O0_ Bacteria;D_1_Fi
m cr obi um

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Planococcaceae ;D 5__ Piano

D O_ Bacteria;D_1_ Fi
acillus

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Planococcaceae ;D 5_ Solib

D 0_ Bacteria;D_1_Fi
sar ci na

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Pl anococcaceae ;D_5__ Spor o

D O_ Bacteria;D_1_ Fi
tured

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Pl anococcaceae ;D 5__uncul

D 0_ Bacteria;D_1_Fi

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4a__ Pl anococcaceae ;O her

D O_ Bacteria;D]| __Fi
___Pul I ul ani baci | | us

rm

cutes ;b_2 Bacilli

;D_3__ Bacillales

;D_4__ Sporol actobaci |l | aceae ;D 5

D O_ Bacteria;D]| __Fi
___Sporol actobaci | | us

rm

cutes ;pb_2 Bacilli

;D_3__ Bacillales

;D_4__ Sporol actobaci | | aceae ;D 5

D 0_ Bacteria; D__1_ Fi
___Tuber i bacillus

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Sporol actobaci |l | aceae ;D 5

D O_ Bacteria;D_1_ Fi
ot gal i coccus

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Staphyl ococcaceae ;D 5_ Je

D O_ Bacteria;D_1_ Fi
soconi i coccus

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Staphyl ococcaceae ;D 5__No

D O_ Bacteria;D_1_ Fi
i ni coccus

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Staphyl ococcaceae ;D 5_ Sa

D O_ Bacteria;D_1_ Fi
aphyl ococcus

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Staphyl ococcaceae ;D 5__ St

D O_ Bacteria;D_1_ Fi
cul tured

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Staphyl ococcaceae ;D 5__un

D O0_ Bacteria;D_1_Fi

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Staphyl ococcaceae ; Ot her

D O0_ Bacteria;D_1_Fi
5__Hazenell a

rm

cutes;p_2 _Bacilli

;D_3__ Bacillales

;D_4__ Thernoacti nonycet aceae ;D_

D O0_ Bacteria; D_|I__Firmcutes;p_2_Bacilli ;p_3 Bacillales;D_a_ Thernmactinonycetaceae ;D_
5__Kroppenstedtia

D O_ Bacteria;D_1_ Firmcutes;p_»_ Bacilli ;p_3_Bacillales;b_4 _ Thernoactinonmycetaceae ;D_
5__Laceyell a

D O_ Bacteria;D_1_ Firmcutes;p_»_ Bacilli ;p_3_Bacillales;b_4 _ Thernoactinonmycetaceae ;D_
5__Marini nema

D 0_ Bacteria; D_1_Firmcutes;p_2_Bacilli;p_3 Bacillales;b_a_ Thernmpactinonycetaceae ;D

5__Mel ghir inyces
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D O_ Bacteria; D_I__Firmcutes;b_» Bacilli ;p_3_ Bacillales ;D 4__Thermacti nonycetaceae ;D_
5 _Planifilum T
D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli;p_s_ Bacillales ;D 4__Thernpacti nonycetaceae ;D_
5__Pol ycl adonyces
D O_ Bacteria; D_I__Firmicutes;p_2 _ Bacilli;p_s_ Bacillales ;D 4__Thernpacti nonycetaceae ;D_
5__Sei nonel |l a
D O_ Bacteria; D_I__Firmicutes;p_2 _ Bacilli;p_s_ Bacillales ;D 4__Thernpacti nonycetaceae ;D_
5__Shi mazuel | a
D O_ Bacteria;D | __Firmcutes;p_2 _Bacilli;p_s__Bacillales ;D 4__Thernpactinonycetaceae ;D_
5__Thernoacti nonyces
D O_ Bacteria;D|__Firmcutes;b_2 _ Bacilli;p_3__Bacillales ;D 4__Thernoactinomnycetaceae ;D_
5 __Ther nof | avi mi cr obi um T
D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli;p_s_ Bacillales ;D 4__Thernpacti nonycetaceae ;D_
5__uncul tured
D O_ Bacteria; D_|I__Firmicutes;p_2 Bacilli;p_s_ Bacillales ;D 4__Thernpacti nonycetaceae ;Ct
her
D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli;p_s__Bacillales ;D 4__uncultured; D_5_ uncul ture
d bacterium
D O0_ Bacteria; D_I__Firmcutes;p_2 _Bacilli ;p_s__Bacillales;Qher;CQher
D O_ Bacteria; D_I__Firmcutes;D 2 Bacilli ;D 3__Cl178B;D_4 uncul tured conpost
bacterium D5_

D O_ Bacteria; D_I__Firmcutes;p_2 Bacilli ;p_s_Cl 78B;CQ her ;C her

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D 4__ Aer ococcaceae ;D5 A
bi ot rophi a

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D 4__ Aer ococcaceae ;D5 A
erococcus

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;p_s__ Lactobaci Hales ;D 4__ Aer ococcaceae ;D5 E
renpcoccus

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;p_s__ Lactobaci Hales ;D 4__ Aer ococcaceae ;D5 F
ackl am a

D O_ Bacteria; D_|I__Firmicutes;p_2 _ Bacilli ;b_s__ Lactobaci Hales ;D 4__ Aer ococcaceae ;D 5 G
| obicatell a

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D _4_ Aer ococcaceae ;D 5 u
ncul t ur ed

D O_ Bacteria; D_I__Firmcutes;b_2 Bacilli ;p_3__ Lactobaci Hales ;D 4__ Carnobacter i aceae;D_
5_ Al kalibacter i um T

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D 4__ Carnobacter i aceae;D_
5__Al | oi ococcus

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D 4__ Carnobacter i aceae;D_
5__At oposti pes

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D _4__ Carnobacter i aceae;D_
5__Carnobacter i um

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D _4__ Carnobacter i aceae;D_
5__Desenri a

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D _4__ Carnobacter i aceae;D_
5__ Dol osi granul um

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D _4__ Carnobacter i aceae;D_
5_Marinilacti baC| ITus

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D 4__ Carnobacter i aceae;D_
5__Trichococcus

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D 4__ Carnobacter i aceae;D_
5__uncul tured

D O_ Bacteria; D_|__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D 4__ Carnobacter i aceae; Ot
her

D O_ Bacteria; D_|I__Firmicutes;p_2 Bacilli ;p_s__ Lactobaci Hales ;D 4_ Enter ococcaceae ;D_5_
_Bavar ii coecus

D O_ Bacteria; D_|I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D 4_ Enter ococcaceae ;D_5_
_Ent erococcus

D O_ Bacteria; D_I__Firmicutes;p_2 _ Bacilli ;b_s__ Lactobaci Hales ;D 4_ Lactobacillaceae ;D5
__Lactobacillus

D O_ Bacteria; D_I__Firmicutes;p_2 Bacilli ;b_s__ Lactobaci Hales ;D 4_ Lactobacillaceae ;D 5
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D O_ Bacteria; D_|I__Firmcutes ;D 2_ Bacilli ;D 3 Lactobacillales;D 4__ Lactobacillaceae;Oh
er

D_0_ Bacteria; D_I__Firmicutes ;D 2_ _Bacilli ;D 3__ Lactobacillales;D 4_ Leuconostocaceae;D_5
__Fructobacillus

D_0_ Bacteria; D_I__Firmicutes ;D 2_ _Bacilli ;D 3__ Lactobacillales;D 4_ Leuconostocaceae;D_5
__Leuconostoc

D_0_ Bacteria; D_I__Firmicutes ;D 2_ _Bacilli ;D 3__ Lactobacillales;D 4_ Leuconostocaceae;D_5
__Oenococcus

D_0_ Bacteria; D_I__Firmicutes ;D 2_ _Bacilli ;D 3_ Lactobacillales;D 4_ Leuconostocaceae;D_5
__Weissella

D O_ Bacteria; D_I__Firmcutes ;D 2_ Bacilli ;D3 _ Lactobacillales;D 4__Leuconostocaceae;Oh
er

D_0_ Bacteria; D_I__Firmicutes ;D 2_ _Bacilli ;D 3_ Lactobacillales;D 4__ sStreptococcaceae ;D_5
__Lactococcus

D_0_ Bacteria; D_I__Firmicutes ;D 2_ _Bacilli ;D 3__ Lactobacillales;D 4__sStreptococcaceae ;D_5
__Streptococcus

D_0_ Bacteria; D_I__Firmicutes ;D 2_ _Bacilli ;D 3__ Lactobacillales;Qher ;O her

D_0_ Bacteria; D_I__Firmicutes ;D 2_ Bacilli ;D 3_ SHBZ1548;D _4_ uncultured bacterium D_5__
D O_ Bacteria; D_I__Firmcutes ;D_2 Bacilli ;D_3__SHBZ1548;D _4_ uncul tured conpost

bacterium D5_

D_0_ Bacteria; D_I__Firmicutes ;D 2_ _Bacilli ;D 3_ SHBZ1548;Q her ;Q her

D 0_ Bacteria ;DI __Firmicutes ;D 2_ Costridia ;pb_3__Costridia Incertae Sedis;D 4 _ Unknown
Fanmily; D5__ Candidatus Desulf Orudis

D O_ Bacteria ;DI __Firmicutes ;D 2_ Clostridia;b_3_ _Costridiales ;D_4__ Cal di coprobacterace
ae; D 5 Cal di coprobacter

D O_ Bacteria; D_|I__Firmcutes ;D 2_ Clostridia;p_3_ Costridiales ;D_4__ Christensenellaceae

;D5  uncul tured

D O_ Bacteria; D_|I__Firmcutes ;D 2_ Clostridia;p_3_ Costridiales ;D_4__ Christensenellaceae

;O her

D_0_ Bacteria; D_I__Firmicutes ;D 2_ Clostridia;bp_3__ Costridiales ;D_4__Cl ostridiaceae
1;D5 dostridium sensu stricto 1

D_0_ Bacteria; D_I__Firmicutes ;D 2_ Costridia ;b_3__ Costridiales ;D_4__Cl ostridiaceae
1;D5 dostridium sensu stricto 10

D_o_ Bacteria, -D|_ _Firmcutes ;D2 Costridia ;b_3_ Costridiales ;D_4_ Costridiaceae

1;D 5 dostridium sensu stricto 12

D_o_ Bacteria, -D|_ _Firmcutes ;D2 Costridia ;b_3_ Costridiales ;D_4_ Costridiaceae

1;D 5 dostridium sensu stricto 13

D_o_ Bacteria, -D|_ _Firmcutes ;D2 Clostridia;p_3_ _Costridiales ;D_4_ Costridiaceae
1;D5 dostridium sensu stricto 1¢

D_o_ Bacteria,-D|_ _Firmicutes ;D 2_ Clostridia;b_3__Costridiales ;D_4_ Costridiaceae

1;D5 dostridium sensu stricto 3

D_o_ Bacteria,-D|_ _Firmicutes ;D 2_ Clostridia;b_3__Costridiales ;D_4_ Costridiaceae

1;D5 Cdostridium sensu stricto 5

D_o_ Bacteria, -D|_ _Firmcutes ;D2 Clostridia;p_3_ Costridiales ;D_4_ Costridiaceae

1;D5 dostridium sensu stricto 7

D_o_ Bacteria,-D|_ _Firmicutes ;D 2_ Clostridia;b_3__Costridiales ;D_4_ Costridiaceae

1;D5 dostridium sensu stricto 8

D_o_ Bacteria,-D|_ _Firmicutes ;D 2_ Clostridia;bp_3__Costridiales ;D_4_ Costridiaceae

1;D5 Cdostridium sensu stricto 9

D_o_ Bacteria,-D|_ _Firmicutes ;D 2 Clostridia;p_3__Costridiales ;D_4_ Costridiaceae

1;D5 Fonticella

D_o_ Bacteria,-D|_ _Firmicutes ;D 2 Clostridia;p_3__Costridiales ;D_4_ Costridiaceae

1;D 5__ Oxobacter

D_o_ Bacteria ;DI| __Firmicutes ;D2 Clostridia;p_3_Clostridiales ;D_4_ Cdostridiaceae

1;D 5 _ Proteiniclasticum

D_o_ Bacteria,-D|_ _Firmicutes ;D 2 Clostridia;p_3__Costridiales ;D_4_ Costridiaceae
1; O he

D_o__Bacteria ;DI __Firmicutes ;D 2__Clostridia;b_3__Costridiales ;D_4__Clostridiaceae
2:D5__Alkaliphilus

D_o_ Bacteria,-D|_ _Firmicutes ;D 2 Clostridia;bp_3__Costridiales ;D_4_ Costridiaceae

3

O
U1

) 5__uncul tured
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D O_ Bacteria;D|__Firmcutes;p_»_ Clostridia;p_s_ Costridiales;p_a_ Costridiaceae
4;D 5__uncul tured
D 0_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_ Costridiales;b_a_ Costridiaceae
4;Qt her
D 0_ Bacteria;D|_ Firmcutes;p_»_ Clostridia;p_s_ Costridiales;p_4 _Costridiales
Incertae Sedis; D 5__Proteiniborus
D 0_ Bacteria;D|__Firmcutes;p_»_ Clostridia;p_s_ Costridiales;b_4 _ Defluviital eaceae ;D
_ 5 Defluviital ea
) 0__Bacteria;D|__Firmicutes;p_»_ Costridia;p_s_ Costridiales;b_a _ Defluviital eaceae ;D
_5__Incertae Sedis
D 0_ Bacteria;D|__Firmcutes;p_»_ Clostridia;p_s_ Costridiales;b_4 _ Defluviital eaceae ;D
_5__uncul tured
D 0_ Bacteria;D|__Firmcutes;p_»_ Clostridia;p_s_ Costridiales;b_4 _ Eubacteriaceae; D 5_
_Al kal i bact er
D 0_ Bacteria;D|__Firmcutes;p_»_ Clostridia;p_s_ Costridiales;b_4 _ Eubacteriaceae; D 5_
Garciella
D O_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;p_4_ Fanmly
Xl ;D 5 Anaerococcus
D O_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;p_4_ Fanmly
Xl ;D 5 Anaerosalibacter
D O_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;p_4_ Fanmly
Xl ;D 5 _Anaerosphaera
D O_ Bacteria;D|__Firmcutes;p_2_ Costridia;p_s_Costridiales;p_4_ Fanmly
XI ;D 5__Finegol di a
D O0_ Bacteria;D|__Firmcutes;p_2_ Costridia;p_s_Costridiales;p_4_ Fanmly
Xl ;D5 _ Gllicola
D_O Bacteria;D|__Firmicutes;p_2 Costridia;p_s_ Costridiales;p_4 _Famly
Xl ;D 5 Hel cococcus
D_OiBact eria;D|__Firmicutes;p_2_ Clostridia;p_s_ Costridiales;pb_4_Fanily
XI ;D 5 __Parvi nobnas
D O_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;p_4_ Fanmly
Xl ;D_5_ Peptoni phil us
D O_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;p_4_ Fanmly
Xl ;D 5 Sedinentibacter
D O_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;p_4_ Fanmly
Xl ;D 5 Tepidim crobi um
D O_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;p_4_ Fanmly
Xl ;D5 _Tissierella
D O_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;p_4_ Fanmly
Xl ;D 5 uncul tured
D 0_ Bacteria;D | __ Firmcutes;p_»_ Costridia;p_3 Costridiales;p_a_Famly X ; O her
D O0_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;p_4_ Fanmly
X1l ;D 5__Anaerovorax
D_OiBact eria;D|__Firmicutes;p_2_ Clostridia;p_s_ Costridiales;pb_4_Fanily
Xl ;D5 _Incertae Sedis
D_OiBact eria;D|__Firmcutes;b_» Costridia;p_s Costridiales;D_4 _ Fanily
X1l ;D5 l\/bglbacterium o
D_OiBact eria;D|__Firmicutes;p_2_ Costridia;p_s_ Costridiales;pb_4_Fanily
XI11; D5 __uncul tured
D 0_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;pb_a_Fanmly
XlV; D 5__Anaerobranca
D O_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;p_4_ Fanmly
XVI | ;D 5 Ther maer obact er
D O0_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;p_4_ Fanmly
XVI11 ;D5 _Synbi obacter i um
D O0_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s_Costridiales;p_4_ Fanmly
XVI 1l ;D 5__uncul tured
D 0_ Bacteria;D|__Firmcutes;p_»_ Clostridia;p_s__ Costridiales;b_a_ Gacilibacteraceae ;
D5 Gacilibacter
D 0_ Bacteria;D|__Firmcutes;p_»_ Clostridia;p_s__ Costridiales;b_a_ Gacilibacteraceae ;
D5 Lutispora
D 0_ Bacteria;D|__Firmcutes;p_»_ Clostridia;p_s__ Costridiales;bp_a_Gacilibacteraceae ;
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D 5__uncul tured

D O0_ Bacteria; DI_ _Firmcutes;p_» Costridia;p_s__Costridiales;p_4__Gacilibacteraceae ;

O her

D O0_ Bacteria; D|_ _Firmcutes;p_» Costridia;p_s__Costridiales;p_4_ Heliobacteriaceae; D
5__uncul tured

D O_ Bacteria; DI_ _Firmicutes;p_2_ Costridia;p_s _Costridiales;b_s_ Lachnospir aceae;D 5

__Acetitomacul um

D 0__Bacteria;D | __Firmcutes;p_2_ Costridia;p_s__ Costridiales;b_4__ Lachnospir aceae;D_5

__Anaer ospor obact er

D O_ Bacteria; DI_ _Firmicutes;p_2 Costridia;p_s _Costridiales;b_s_ Lachnospir aceae;D 5

__Blautia

D O_ Bacteria; DI_ _Firmicutes;p_2_ Costridia;p_s _Costridiales;b_s_ Lachnospir aceae;D 5

__Cellulosilyticum

D O_ Bacteria; DI_ _Firmicutes;p_2_ Costridia;p_s _Costridiales;b_s_ Lachnospir aceae;D 5

___Copr ococcus

D O_ Bacteria; DI_ _Firmicutes;p_2_ Costridia;p_s _Costridiales;b_s_ Lachnospir aceae;D 5

__Incertae Sedis

D 0_ Bacteria;D | __Firmcutes;p_2 Costridia;p_s__ Costridiales;p_4__ Lachnospir aceae;D_5

___Lachnoanaer obacul um

D O_ Bacteria; DI_ _Firmicutes;p_2_ Costridia;p_s _Costridiales;b_s_ Lachnospir aceae;D 5

__Marvinbryantia

D O_ Bacteria; DI_ _Firmicutes;p_2_ Costridia;p_s _Costridiales;b_s_ Lachnospir aceae;D 5

_ _Oribacterium

D 0_ Bacteria;D | __Firmcutes;p_2_ Costridia;p_s__Costridiales;b_4__ Lachnospir aceae;D_5

___Pseudobutyri vibrio

D O_ Bacteria; DI_ _Firmicutes;p_2 Costridia;p_s _Costridiales;b_s_ Lachnospir aceae;D 5

__Roseburia

D O0_ Bacteria; DI_ _Firmicutes;p_2_ Costridia;p_s _Costridiales;b_s_ Lachnospir aceae;D 5

___ St omat obacul um

D O0_ Bacteria; DI_ _Firmicutes;p_2_ Costridia;p_s _Costridiales;b_s_ Lachnospir aceae;D 5

__uncul tured

D O_ Bacteria;, DI_ _Firmicutes;p_2_ Costridia;p_s _Clostridiales;b_as_ Lachnospir aceae;Ch

er

D O_ Bacteria; DI_ _Firmicutes;p_2_ Clostridia;p_s._Clostridiales;p_sa_P. palm CA

51;D 5 uncul tured bacterium

D O_ Bacteria; DI__Firmicutes;p_2 Clostridia;p_s__Clostridiales;b_s_ Peptococcaceae ;D_5_

_Dehal obact er

D O_ Bacteria; DI__Firmicutes;p_2 Clostridia;p_s__Clostridiales;b_s_ Peptococcaceae ;D_5_

_Desul fitibacter

D 0_ Bacteria;D|__ Firmicutes;p_»_ Costridia;p_s__ Clostridiales;b_4_ Peptococcaceae ;D 5_

_Desul f itobacterium

D O_ Bacteria; DI__Firmicutes;p_2 Clostridia;p_s__Clostridiales;b_s_ Peptococcaceae ;D_5_

_Desul f ospor osi nus

D O_ Bacteria; DI__Firmicutes;p_2 Clostridia;p_s__Clostridiales;b_s_ Peptococcaceae ;D_5_

_Desul f ot omacul um

D O_ Bacteria; DI__Firmicutes;p_2 Clostridia;p_s__Clostridiales;b_s_ Peptococcaceae ;D_5_

_Desul f urispora

D O_ Bacteria; DI__Firmicutes;p_2 Costridia;p_s__Clostridiales;b_s_ Peptococcaceae ;D_5_

_Pel ot omacul um

D O_ Bacteria; DI__Firmicutes;p_2 Costridia;p_s__Clostridiales;b_s_ Peptococcaceae ;D_5_
Pept ococcus

D O_ Bacteria; DI__Firmicutes;p_2 Costridia;p_s__Clostridiales;b_s_ Peptococcaceae ;D_5_

_Thernincol a

D O_ Bacteria; DI__Firmicutes;p_2 Costridia;p_s__Clostridiales;b_s_ Peptococcaceae ;D_5_

_uncul tured

D O_ Bacteria; DI__Firmcutes;p_2 Costridia;p_3_ Clostridiales;b_4_ Peptococcaceae ;& he

r

D 0_ Bacteria;D | __Firmcutes;p_2_ Costridia;p_s__ Costridiales;b_4_ Peptostreptococcace

ae;D 5 Incertae Sedis

D 0_ Bacteria;D | __Firmcutes;p_2_ Costridia;p_s__ Costridiales;b_4_ Peptostreptococcace

ae;D 5 Peptostr eptococcus

D O_ Bacteria; DI_ _Firmicutes;p_2 Costridia;p_s _Clostridiales;b_s_ Peptostreptococcace
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ae;D 5 Tepidi bacter

D 0_ Bacteria;D | _Firmcutes;p_2_ Costridia;p_s__ Costridiales;D4_ Peptostreptococcace
ae; D 5__uncul tured

D 0_ Bacteria;D | _Firmcutes;p_2_ Costridia;p_s__ Costridiales;D4_ Peptostreptococcace
ae; O her

D O_ Bacteria;D|__Firmcutes;p_2_ Costridia;p_3_Costridiales;D 4_ Runminococcaceae ;D 5
__Acetivibrio T

D O0_ Bacteria;D|__Firmicutes;p_2 Costridia;p_s _Clostridiales;D4__ Runinococcaceae ;D5
___Et hanol i genens

) O__Bacteria;D | __Firmcutes;p_2 Costridia;p_3__Costridiales;D 4_ Runminococcaceae ;D 5
__Faecal i bacterium T

D 0_ Bacteria;D|__Firmicutes;p_2 Costridia;p_s _Clostridiales;D4__ Runinococcaceae ;D5
__Fastidiosipila

) 0__Bacteria;D | __Firmcutes;p_2_ Costridia;p_s__Costridiales;D 4__ Rumi nococcaceae ;D 5
__Incertae Sedis

D O_ Bacteria;D | __Firmcutes;p_2 Costridia;p_3__Costridiales;D 4_ Runminococcaceae ;D 5
__Gscillibacter T

D O_ Bacteria;D|__Firmcutes;p_2 Costridia;p_3__Costridiales;D 4_ Runinococcaceae ;D 5
__Papillibacter -

D O_ Bacteria;D|__Firmicutes;p_2 Costridia;p_s _Clostridiales;D4__Runinococcaceae ;D5
___Rumi nococcus

D O_ Bacteria;D|__Firmicutes;p_2 Costridia;p_s _Clostridiales;D4__Runinococcaceae ;D5
___Sacchar of er nent ans

D O_ Bacteria;D|__Firmicutes;p_2 Costridia;p_s _Clostridiales;D4__ Runinococcaceae ;D5
___Spor obact er

D 0_ Bacteria;D | _Firmcutes;p_2_ Costridia;p_s__ Costridiales;D4_ Ruminococcaceae ;D 5
__uncul tured B

D O0_ Bacteria;D|__Firmicutes;p_2 Costridia;p_s__Clostridiales;D4__Runinococcaceae ;Qh
er

D 0_ Bacteria;D | __Firmcutes;p_2_ Costridia;p_s__ Costridiales;D4__Syntrophononadaceae
;D 5__ Det hi obacter

D 0_ Bacteria;D | __Firmcutes;p_2_ Costridia;p_s__ Costridiales;D4__Syntrophononadaceae
;D 5___Syntrophononas

D_OiBact eria;D|__Firmcutes;p_2_ Costridia;p_s_ Clostridiales;D4__Syntrophononadaceae
;D5 uncul tured

D 0_ Bacteria;D|__Firmcutes;D_2_ Costridia;p_s _Costridiales;D 4_ vadinBB60;D 5_ uncu
Itured Costridiales bacterium

D O_ Bacteria;D|__Firmcutes;p_2_ Costridia;p_s _Costridiales;D 4_ vadinBB60;D 5_ uncu
Itured bacterium

D 0__Bacteria;D|__Firmicutes;p_» Costridia;p_s___Costridiales;Qher;Qher

DO_ Bacteria;D|__Firmcutes ;D2 Costridia;p_3_D8A-2 ;D 4_ uncultured
Ther noanaer obact eraceae bacterium;D 5_

D 0_ Bacteria;D|__Firmcutes;p_»_ Costridia;p_s__D8A-2;D 4_ uncultured bacterium D5__
DO_ Bacteria;D|__Firmcutes;p_2 Clostridia;p_3__ Hal anaer obial es;D 4__ Hal anaer obi aceae ;
D 5_ Halocella -

D O0_ Bacteria;D|__Firmicutes;p_2 Costridia;p_s__ Halanaerobiales ;D 4__ Hal obacteroi dacea
e; D 5__ Sporohal obacter

D 0_ Bacteria;D|__Firmicutes;p_2 Costridia;p_s__ Halanaerobial es ;D 4__ Hal obacteroi dacea
e; D 5_ uncul tured

D 0_ Bacteria;D|__Firmicutes;p_2 Costridia;b_s__ Thernoanaerobacterales ;D 4_ Family
I11;D 5 Tepi danaer obacter

D 0_ Bacteria;D | __Firmcutes;D_2 _ Costridia;b_s__ Thernpanaerobacterales ;D 4_ Fanily
111;D 5 Thernoanaerobacter i um

D O_ Bacteria;D | __Firmcutes;p_2_Costridia;b_s__ Thernmanaerobacterales ;D 4_ SRB2;C her
D O0_ Bacteria;D|__Firmicutes;p_2 Cdostridia;b_s_ _ Thernoanaerobacterales ;D 4__ Thernoanae
robacteraceae; D5 Celria

D O0_ Bacteria;D|__Firmicutes;p_2 Cdostridia;b_s _ Thernoanaerobacterales ;D 4__ Thernoanae
robacteraceae ;D 5_ Morella

D O_ Bacteria;D|__Firmcutes ;D 2_Costridia;b_3__ Thernoanaerobacterales ;D 4__ Thernoanae

robacteraceae; D_5__Syntrophaceticus
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D O_ Ibacteria;D Il ___ Firmcutes ;b_2_Clostridia;D 3 _ Thernoanaerobacterales ;D 4__Thernpanae
robact eraceae ;D 5__Ther macet ogeni um
D O_ lbacteria;D | __Firmcutes ;p_2 Costridia ;D _3_ Thernpanaerobacterales ;D 4__ Thernpanae
robact eraceae ;D 5__Ther nanaer ononas
D 0__Ibacteria;D | _ Firmcutes ;D_2 _Clostridia;D 3__Thernoanaerobacterales ;D 4__ Thernoanae

robact eraceae ;D 5__ Ther nnanaer obact er

D 0__Ibacteria;D_| _ Firmcutes ;p_2 _Clostridia;D_3__Thernanaerobacteral es

| f obi aceae ;D 5__ Copr ot her nobact er

;D_4__ Ther nodesu

D O0__lbacteria;D | __Firmicutes ;p_2 _Clostridia;Qher ;Qher ;CQher

D O0_ Bacteria;D | __Firmcutes ;D_2 _Erysipelotrichia;D 3_ Erysipelotr
otrichaceae; D 5 __Asterol epl asna

ichales ;D 4_ Erysipel

D O_ Bacteria;D|__ Firmcutes ;D 2_ Erysipelotrichia;D 3__ Erysipelotr
otrichaceae; D_5_Catenibacter ium

ichales ;D 4_ Erysipel

D O__Bacteria;D|__ Firmicutes ;p_2 _Erysipelotrichia;D 3__ Erysipelotr ichales ;D 4_ Erysipel
otrichaceae; D 5_ Erysipelothr ix
D O_ Bacteria;D|_ _Firmicutes ;pb_2 _Erysipelotrichia;D 3__ Erysipelotr ichales ;D 4_ Erysipel
otrichaceae;D 5_ Incertae Sedis
D O0_ Bacteria;D | __Firmcutes ;D_2 _Erysipelotrichia;D 3_ Erysipelotr ichales ;D 4_ Erysipel

otrichaceae; D_ 5 Sol obacter i um

D O_ Bacteria;D|__Firm

cutes

otrichaceae; D_ 5 Turicibacter

;D_2 _Erysipelotrichia;D 3__Erysipelotr

ichales ;D 4__ Erysipel

D O0_ Bacteria;D | __Firmcutes ;D_2 _Erysipelotrichia;D 3__ Erysipelotr ichales ;D 4_ Erysipel
otrichaceae; D__s5__uncul tured

D O_ Ibacteria;D | __Firmcutes ;b_2 Negativicutes;D 3__ Sel enononadal es ;D_4__ Aci dani nococca
ceae;D 5 uncul tured

D O_ Ibacteria;D | _ Firmcutes ;D_2 _Negativicutes;D 3__ Sel enonbnadales ;D 4_ Veillonellacea
e;D 5__ Anaerospora T

D 0__Ibacteria;D | _ Firmcutes ;D_2 _Negativicutes;D_3__ Sel enonpnadal es ;D_4_ Veillonellacea
e;D5 Dialister B

D 0__Ibacteria;D | _ Firmcutes ;D_2 _Negativicutes;D_3__ Sel enonpnadal es ;D_4_ Veillonellacea
e;D 5__ Megasphaera

D 0__Ibacteria;D | _ Firmcutes ;D_2 _Negativicutes;D_3__ Sel enonbnadal es ;D_4_ Veillonellacea
e;D 5__Negativi coccus

D 0__Ibacteria;D | _ Firmcutes ;D_2 _Negativicutes;D_3__ Sel enonbnadal es ;D_4_ Veillonellacea
e;D 5 Pel osinus

D O_ Ibacteria;D | __Firmcutes ;D_2 _Negativicutes;D 3__ Sel enonbnadales ;D 4_ Veillonellacea
e;D 5__ Sel enonpbnas T

D 0__Ibacteria;D | _ Firmcutes ;D_2 _Negativicutes;D 3__Sel enonpnadal es ;D_4_ Veillonellacea
e,D 5 __ Sporonusa

D 0__Ibacteria;D | _ Firmcutes ;D_2 _Negativicutes;D 3__Sel enonpnadal es ;D_4_ Veillonellacea
e;D5 Veillonella

D 0__Ibacteria;D | _ Firmcutes ;D_2 _Negativicutes;D 3__ Sel enonbnadal es ;D_4_ Veillonellacea
e;D 5 _uncultured

D 0__Ibacteria;D | _ Firmcutes ;D_2 _Negativicutes;D 3__ Sel enonbnadal es ;D_4_ Veillonellacea
e; O her

D 0__Ibacteria;D | _ Firmcutes ;D_2 _Negativicutes;D 3__Sel enononadales ;D 4_ uncultured; D5
__uncul tured bacterium

D 0__Ibacteria;D | _ Firmcutes ;D_2 _Negativicutes;D 3__Sel enononadales ;D 4_ uncultured; Qh
er

D O_ lbacteria;D | _Firmcutes ;pb_2 _OPB54;D 3_ uncultured Clostridia bacterium D4_ ;D5
D O_ lbacteria;D_| __Firmcutes ;p_2 OPB54;D 3_ uncultured Costridium sp. ;D4_ ;D5

D O_ lbacteria;D | __Firmcutes ;pb_2 _OPB54;D 3_ uncultured Firmcutes bacterium D4_ ;D5
D O_ lbacteria;D_| __Firmcutes ;po_2 OPB54;D 3_ uncultured bacterium D_4 ;D5

D O_ lbacteria;D_| __Firmcutes ;b_2 _OPB54;D 3_ uncultured conpost bacterium D4_ ;D5

D O0__Ibacteria;D_ | __Firmcutes ;D_2 _OPB54;D 3_ uncultured prokaryote ;D_4_ ;D5

D O_ lbacteria;D_| __Firmcutes ;b_2 OPB54;CQ her ;O her ;Q her

D O_ Ibacteria;D | __ Firmicutes ;& her ;O her ;O her ;& her
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D O_ Bacteria;D | __ Fusobacteria;D 2_ Fusobacteriia;D 3_ Fusobacter iales;D 4_ CFT112H7;D 5
__uncultured bacterium

D O0_ Bacteria ;DI __ Fusobacteria;D 2_Fusobacteriia;D 3 Fusobacter iales;D 4 Fusobacteria
ceae ;D 5__ Fusobacter i um

D 0_ Bacteria;D | __ Fusobacteria;D 2_ Fusobacter iia;D 3_ Fusobacter iales;D 4_ Leptotrichia
ceae;D5 Leptotrichia

D O_ Bacteria;D| _ Fusobacteria;D 2_ Fusobacter iia;D 3_ Fusobacter iales;D 4_ Leptotrichia

ceae; D5 uncultured

_D_OiBact eria;D|___Genmatinonadetes ;D 2_ Genmati nonadetes ;D _3__ AT425-Eubd 1 terrestrial
group;D 4 uncultured bacterium D5

D O0_ Bacteria;D | __ Genmmatinobnadetes ;D 2_ Gemmati nonadetes ;D 3_ AT425-EubCl 1 terrestrial
group; O her ;O her

D O_ Bacteria;D_|__Gemrati nobnadetes ;D 2 Gemmati nonadetes ;D 3_ BD2-11 terrestrial

group;D 4__uncul tured Genmatinonadetes bacterium D5

D O_ Bacteria;D|__Gemrati nonadetes ;D 2_ Gemmati nonadetes ;D 3_ BD2-11 terrestrial
| group;D 4 uncul tured bacterium D5

D O_ Bacteria;D|__Gemrati nobnadetes ;D 2_ Gemmati nonadetes ;D 3_ BD2-11 terrestrial

group;D 4__uncul tured sedinment bacterium D5

D O0_ Bacteria;D|__Gemrati nobnadetes ;D 2_ Gemmati nonadetes ;D 3_ BD2-11 terrestrial

group; & her ;O her

D 0 Bacteria ;DI __ Genmatinonadetes ;D 2 Genmmati nonadetes ;D 3__ Genmati nbnadal es ;D 4 Genm
| ati monadaceae ;D 5 Genmati nonas

D O_ Bacteria;D | __ _Gemrati nonadetes ;D 2_ Genmati nobnadetes ;D 3__ Genmati nonadal es ;D 4_ Genm

at i nronadaceae ;D 5 uncul tured

D 0 Bacteria ;DI __ Genmatinonadetes ;D 2 Genmati nonadetes ;D 3__ Genmati nbnadal es ;D 4 Genmm

ati nonadaceae ;& her

D O_ Bacteria;D | __Gemrati nonadetes ;D 2_ Gemrati nobnadetes ;D 3_ SO134 terrestrial

group;D 4__uncul tured CGenmatinonadetes bacterium D5

D O0_ Bacteria;D | __Gemrati nonadetes ;D 2_ Gemmati nobnadetes ;D 3_ SO134 terrestrial

group;D 4 uncultured bacterium D5

D O_ Bacteria;D|__Gemrati nonadetes ;D 2_ Gemrati nobnadetes ;D 3_ SO134 terrestrial

| group ;& her ;& her

D O_ Bacteria;DIl__ JL-ETNP-Z39;D 2__uncultured bacterium D3_ ;D4_ ;D5

D O_ Bacteria;D | _ Lentisphaerae ;D 2_ Lentisphaeria;D 3_ Victivallales ;D 4_ Victivallacea
e;D5 Victivallis
D O_ Bacteria;D 1 Lentisphaerae ;D 2 PB=-111-20;D 3_ uncultured bacterium D4_ ;D5

D O0O_ Bacteria;DIl__ NPL-UPA2 ;D 2_ uncultured bacterium D3_ ;D4 ;D5

D O0_ Bacteria;D_ | __ NPL-UPA2 ;C her ;C her ;O her ;O her

D 0_ Bacteria;D 1 Ntrospirae;D_2 Ntrospira;b_3 Ntrospirales ;D_4 0319-
6A21; D 5 uncul tured bacterium

D O_ Bacteria;D | __Ntrospirae;D2_ Ntrospira;D3__Ntrospirales ;D 4_ 0319-6A21;C her

D O_ Bacteria;D|__Ntrospirae;D2_ Ntrospira;D3__Ntrospirales ;D 4_ 4-
29;D 5 uncultured bacterium

D O_ Bacteria;D|__Ntrospirae;D2_ Ntrospira;D3__Ntrospirales ;D4 M Z17;D5_  uncultu
| red bacterium

D O_ Bacteria;D | __Ntrospirae;D2_ Ntrospira;D3__Ntrospirales ;D 4_ N trospiraceae ;D5
__Leptospirilium

D O_ Bacteria;D | __Ntrospirae;D2_ Ntrospira;D3__Ntrospirales ;D 4_ N trospiraceae ;D5
__Ntrospira

D O_ Bacteria;D | __Ntrospirae;D2_ Ntrospira;D3__Ntrospirales ;D 4_ N trospiraceae ;D5
__uncultured

D O_ Bacteria;D | __Planctonycetes ;D 2_ BD7-11;D 3__uncultured bacterium D4_ ;D5

D O0_ Bacteria;D | __Planctonycetes ;D 2_ BD7-11;D 3__uncultured planctonycete ;D 4_ ;D5

D 0_ Bacteria;D | __Planctonycetes ;D 2_ OML90;D 3_ uncultured bacterium D4_ ;D5

D O_ Bacteria;D| __ Planctonycetes ;D 2 OML90;D 3_ uncultured nicroorganism D4 ;D5

D O0_ Bacteria;D | __Planctonycetes ;D 2_ OML90;D 3_ _uncul tured planctonycete ;D 4_ ;D5
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D 0_ Bacteria;D_|__Planctonycetes ;b_2 _OML90;Q her ;O her ;Q her

D _0_ Bacteria;D_| __Planctomycetes ;b_2 _Phycisphaerae ;D 3__CCMLla;D 4_ uncultured

Pl anct onycetia bacterium D5_

D 0_ Bacteria;D_|__Planctonmycetes ;b_2 _Phyci sphaerae ;D_3 _CCMLla;D 4_ uncul tured

bacterium D5

D_0_ Bacteria;D_|__Planctonmycetes ;b_2 _Phyci sphaerae ;D 3__CCMl.la;C her ;Q her

D 0_ Bacteria;D|__Planctonycetes ;D 2__Phyci sphaerae ;D 3__CPla-3 ternite

group;D 4__uncultured planctonycete ;D_5

D_0_ Bacteria;D_|__Planctonycetes ;b_2 _Phycisphaerae ;D 3__MsBL9 ;D 4_ uncul tured

bacterium D5

D _0_ Bacteria;D_| __Planctonycetes ;b_2 _Phyci sphaerae ;D _3__Phyci sphaeral es ;D_4__Phyci sphae

raceae ;D 5__ AKYGH 87

D 0__Bacteria;D_| __Planctonycetes ;b_2 _Phyci sphaerae ;D _3__Phyci sphaeral es ;D_4__Phyci sphae

raceae; D 5__CL500-3

D _0_ Bacteria;D_| __Planctonycetes ;b_2 _Phyci sphaerae ;D_3__Phyci sphaeral es ;D_4__Phyci sphae

raceae;D 5 1-8

D _0_ Bacteria;D_| __Planctonycetes ;b_2 _Phyci sphaerae ;D _3__Phyci sphaeral es ;D_4__Phyci sphae

raceae; D 5__Phyci sphaera

D _0_ Bacteria;D_| __Planctonycetes ;b_2 _Phyci sphaerae ;D _3__Phyci sphaeral es ;D_4__Phyci sphae

raceae; D 5 SMLA02

D_0_ Bacteria;D_ | __Planctomycetes ;b_2 _Phycisphaerae ;D 3__Plal l|ineage;D 4_ uncultured

bacterium D5_

D _0_ Bacteria;D_| __Planctomycetes ;b_2 _Phycisphaerae ;D 3__S-70;D 4_ _uncul tured

bacterium D5

D _0_ Bacteria;D_|__Planctonycetes ;b_2 _Phyci sphaerae ;D_3__W2101 soil

group;D 4_ uncultured bacterium D_5

D _0_ Bacteria;D_ | __Planctonycetes ;D 2__Phyci sphaerae ;D 3__W2101 soil

group;D 4__uncultured planctonycete ;D_5

D 0_ Bacteria;D | __Planctonycetes ;D 2__Phyci sphaerae ;
group;D 4 uncultured soil bacterium D_5

D_3__WD2101 soil

D 0_ Bacteria;D_|__Planctonycetes ;b_2 _Phyci sphaerae ;D 3__WD2101 soil group; & her ; & her

D 0_ Bacteria;D_| __Planctomycetes ;b_2 _Phycisphaerae ;D 3__mel-8;D 4_ uncultured

bacterium D5

D _0_ Bacteria;D_| __Planctomycetes ;b_2 _Phycisphaerae ;D 3__mel-8;D 4_ uncultured

organism D5

D_0_ Bacteria;D_|__Planctonmycetes ;p_2 _Pla3 lineage;D 3_ uncultured bacterium D_4_;D5

D O0_ Bacteria;D_|__Planctonycetes ;b_2 _Pla3 lineage;D 3_ uncul tured

pl anctonycete ;D4 ;D5

D 0_ Bacteria;D_|__Planctonycetes ;b_2 _Pla3 lineage;Qher ;Qher ;O her

D_0_ Bacteria;D_|__Planctonmycetes ;p_2 _Pla4 lineage;D 3_ uncultured bacterium D_4_;D5

D 0_ Bacteria;D_|__Planctonycetes ;b_2 _Pla4 lineage;D 3_ uncul tured

pl anctonycete ;D4 ;D5

D _0_ Bacteria;D_|__Planctonycetes ;b_2 _Pla4 lineage;Qher ;Qher ;Q her

D 0_ Bacteria;D_| __Planctonmycetes ;b_2 _Planctonycetacia ;D_3__Planctonycetales ;D 4 Pl anct
onycetaceae ;D 5 Blastopirellula

D 0_ Bacteria;D|__Planctomycetes ;D 2__Planctonycetacia ;D_3__ Pl anctonycetal es ;D_4__Pl anct
onmycetaceae ;D 5__Candi dat us Nost ocoi da

D 0_ Bacteria;D_| __Planctonmycetes ;b_2 _Planctonycetacia ;D_3__Planctonycetales ;D 4 _Planct
onycetaceae ;D 5 Cenmat a

D _0_ Bacteria;D_| __Planctonycetes ;b_2 _Planctonycetacia ;D_3__Planctonycetales ;D 4 _Planct
onycetaceae ;D 5 |sosphaera

D _0_ Bacteria;D_| __Planctonycetes ;b_2 _Planctonycetacia ;D_3__Planctonycetales ;D 4 _Planct
onycetaceae ;D 5 Pir4 |ineage

D O_ Bacteria;D | __Planctonycetes ;b_2 _Planctonycetacia ;D_3__ Pl anctonycetal es ;D 4__Pl anct
onycetaceae ;D 5_ Pirellula T

D _0_ Bacteria;D_| __Planctonmycetes ;b_2 _Planctonycetacia ;D_3__Planctonycetales ;D 4 Pl anct
onmycetaceae ;D 5 Pl anct onyces

D 0_ Bacteria;D_| __Planctonmycetes ;b_2 _Planctonycetacia ;D_3__Planctonycetales ;D 4 _Planct
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omycet aceae ;p_5__ Rhodopirel lul a

D 0_ Bacteria;D_| __Planctonycetes

onmycetaceae ;p_5__Schl esneri a

;D_2 _Planctonycetacia ;D 3__Planctonycetal es;p_4__Pl anet

D 0_ Bacteria;D_| __Planctonycetes

onycet aceae ;p_5__Si ngul i sphaera

;D_2 _Planctonycetacia ;D 3__Planctonycetal es;p_4__Pl anet

D 0_ Bacteria;D_| __Planctonycetes

onycetaceae ;p_5__Zavarzinella

;D_2 _Planctonycetacia ;D 3__Planctonycetal es;p_4__Pl anet

D 0_ Bacteria;D_| __Planctonycetes

onmycet aceae ;p_5__uncul tured

;D_2 _Planctonycetacia ;D_3__Planctonycetal es;p_4__ Pl anet

D O0_ Bacteria;D_ | __ Planctonycetes ;D 2__ Planctonycetacia ;D _3___Planctomycetal es;p_4_ Pl anet
onycet aceae ;p_5__uncul tured bacterium

D_0_ Bacteria;D_| __Planctonmycetes ;p_2 _Planctonycetacia ;D_3__Planctonycetal

onmycet aceae ; O her

es ;pb_4_ Pl anet

D 0_ Bacteria;D_|__Planctonycetes ;p_2 _vadi nHA49 ;D 3_ uncul tured bacterium

D 0_ Bacteria;D_| __Planctonycetes ;p_2 vadi nHA4 9;C her ;O her ; Ot her

D 0__Bacteria;D_| _ Proteobacter ia;b_2 _ Al phaproteobacter ia; b_s__ Caul obacter al es;D_4__Caul
obacteraceae ;D 5 Asticcacaulis

D _0__Bacteria;D_| _ Proteobacter ia;b_2 Al phaproteobacter ia; b_s__ Caul obacter al es;D _4__Caul
obact eraceae ;D 5__ Brevundi nobnas

D _0__Bacteria;D_| __Proteobacter ia;Db_2 _ Al phaproteobacter ia; b_s__ Caul obacter al es;D_4__Caul
obact eraceae ;D 5__ Caul obacter

D 0__Bacteria;D_| __Proteobacter ia;D_2 _ Al phaproteobacter ia; b_s__ Caul obacter al es;D_4__Caul
obact eraceae ;D 5 Phenyl obacter i um

D _0__Bacteria;D_| __Proteobacter ia;Db_2 _ Al phaproteobacter ia; b_s__ Caul obacter al es;D_4__Caul
obact eraceae ;D 5 uncul tured

D 0__Bacteria;D_| _ Proteobacter ia;b_2 _ Al phaproteobacter ia; b_s__ Caul obacter al es;D_4__Caul
obact eraceae ;O her

D O0_ Bacteria;D| __Proteobacter ia;p_2 Al phaproteobacter ia; D_3__ Caul obacter al es;D_4__Hyph
onmonadaceae ;p_5__ Hirschia

D 0_ Bacteria;D| __Proteobacter ia;p_2 Al phaproteobacter ia; D_3__ Caul obacter al es;D_4__Hyph
onmonadaceae ;p_5__\Wodshol ea

D O0_ Bacteria;D| __Proteobacter ia;b_2 Al phaproteobacter ia; b_3__ Caul obacter al es;D_4__Hyph
onmonadaceae ;p_5__uncul tured

D O0_ Bacteria;D_|__Proteobacter ia;b_2 Al phaproteobacter ia; b_3_DB1-14;D 4 _ _uncul tured
bacterium D5

D O0_ Bacteria;D_| __Proteobacter ia;p_2 Al phaproteobacter ia; b_3_DBl-14; Gt her ;O her

D 0_ Bacteria;D_|__Proteobacter ia;b_2 Al phaproteobacter ia; b_s__E6aD10;D 4 _ _uncul tured
organism D5

D O0_ Bacteria;D_| __Proteobacter ia;p_2 Al phaproteobacter ia; b_3__E6aD10; C her ;Q her

D O_ Bacteria;D | __ Proteobacter ia;D 2__Al phaproteobacter ia;b_3 _ Rhizobiales ;D 4__1174-
901-12; D 5 uncul tured Rhizobiales bacterium

D 0_ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacter ia; b_3__ Rhi zobiales ;D 4__1174-
901-12; D 5_ uncul tured bacterium

D 0_ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacter ia; b_3__ Rhi zobiales ;D 4__1174-
901-12; & her

D 0_ Bacteria;D_| _ Proteobacter ia;D_2 _ Al phaproteobacter ia; D_3__ Rhi zobiales ;D 4__A0 839;D_
5__uncul tured bacterium

D 0__Bacteria;D_| _ Proteobacter ia;Db_2 Al phaproteobacter ia; D_3__ Rhi zobiales ;D 4__A0 839; &
her

D 0_ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacter ia; D_3__ Rhi zobiales ;D 4__ Aurantim
onadaceae ;D 5__ Aur anti nonas

D 0_ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacter ia; D_3__ Rhi zobiales ;D 4__ Aurantim
onadaceae ;D 5__ Aur ei nonas

D 0_ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacter ia; D_3__ Rhi zobiales ;D 4__ Aurantim
onadaceae ;D 5 uncul tured

D _0_ Bacteria;D | _ Proteobacter ia;Db_2 _ Al phaproteobacter ia; D_3__ Rhi zobiales ;D 4__ Aurantim
onadaceae ; & her

D 0_ Bacteria;D_|__Proteobacter ia;b_2 Al phaproteobacter ia; b_3__ Rhizobiales ;D 4__ Bartonel

| aceae; D 5__Bartonella
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D 0_ Bacteria;D_| __Proteobacter ia;Dp_2 Al phaproteobacteria ;b_3__ Rhizobiales;p_4 _Bei jerin
cki aceae ;D 5__ Chel at ococcus
D 0__Bacteria;D| __Proteobacter ia;b_2 Al phaproteobacteria ;b_s___Rhizobiales;b_as__Bei jerin
ckiaceae ;D 5__Methyl orosul a
D 0_ Bacteria;D| __Proteobacter ia;b_2 Al phaproteobacteria ;b_s___Rhizobiales;b_as__Bei jerin
ckiaceae ;D 5__Methyl ovirgul a
D 0_ Bacteria;D|__Proteobacter ia;b_2 Al phaproteobacteria ;b_3__ Rhizobiales;Dp_4__Beijerin
ckiaceae ;D 5_ uncul tured
D O0_ Bacteria;D_| __Proteobacter ia;p_2 Al phaproteobacteria ;b_3__ Rhizobiales;p_4_Beijerin
cki aceae ; & her
D_0_ Bacteria;D_| __ Proteobacter ia;b_2 Al phaproteobacteria ;b_3__ Rhizobiales;p_4_ Bradyrhi
zobi aceae ;D 5 Afipia
D0 Bacteria;D| __Proteobacter ia;b_2 Al phaproteobacteria ;b_s__ Rhizobiales;b_s_ Bradyrhi
zobi aceae ;D 5__ Bosea
D_0_ Bacteria;D_| __Proteobacter ia;Dp_2 Al phaproteobacteria ;b_3__ Rhizobiales;p_4_ Bradyrhi
zobi aceae ;D 5__ Bradyr hi zobi um
D O0_Bacteria;D| __ Proteobacter ia;b_2 Al phaproteobacteria ;Db_s__ Rhizobiales;p_s_ Bradyrhi
zobi aceae ;D 5__ Nitrobacter
D O0_Bacteria;D| __Proteobacter ia;b_2 Al phaproteobacteria ;b_s__ Rhizobiales;b_s_ Bradyrhi
zobi aceae ;D 5__ uncul tured
D 0_Bacteria;D| __Proteobacter ia;b_2 Al phaproteobacteria ;Db_s__ Rhizobiales;b_s_ Bradyrhi
zobi aceae ; & her
D _0__ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacteria ;b_3s__ Rhizobiales;p_4__ Brucella
ceae; D 5 Daeguia
D 0_ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacteria ;b_3s__ Rhizobiales;p_4__ Brucella
ceae; D 5 Ochrobactrum
D _0__ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacteria ;b_3s__ Rhizobiales;p_4__ Brucella
ceae; O her
D 0_ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacteria ;b_s__ Rhi zobi al es ;p_4__D05-

2;C her

D 0_ Bacteria;D | _ Proteobacter ia;Db_2 Al phaproteobacteria ;Db_3__ Rhizobial es ;p_s__DUNssu0 4
4;D 5_ _uncultured bacterium

D 0_ Bacteria;D | _ Proteobacter ia;Db_2 Al phaproteobacteria ;Db_3__ Rhizobial es;b_s__DUNssu0 4
4;C her

D _0_ Bacteria;D | _ Proteobacter ia;Db_2 _ Al phaproteobacteria ;Db_3__ Rhizobial es ;b_s__DUNssu3 7
1;D 5__uncul tured bacterium

D _O0__Bacteria;D_| __Proteobacter ia;b_2 Al phaproteobacteria ;b_3__ Rhizobiales;p_4 _F0723;D_
5__uncultured Brucella sp.

D O0_Bacteria;D]| __ Proteobacter ia;b_2 Al phaproteobacteria ;b_s__ Rhizobiales;p_s F0723;D_
5__uncul tured bacterium

D 0_ Bacteria;D | _ Proteobacter ia;b_2 Al phaproteobacteria ;b_3__ Rhizobiales;p_4_F0723; &
her

D 0__Bacteria;D | _ Proteobacter ia;Db_2 Al phaproteobacteria ;Db_3__ Rhizobial es ;p_s__FFCH5858

;D 5 uncultured bacterium
D O0_ Bacteria;D_| __Proteobacter ia;Db_2 Al phaproteobacteria ;b_3__ Rhizobiales;p_4_FukuN5 7;
D 5 uncultured bacterium
D 0__Bacteria;D_| _ Proteobacter ia;b_2 _ Al phaproteobacteria ;b_3__ Rhizobiales;b_4__ Hyphonic
robi aceae ;D 5__ Devosia
D _0_ Bacteria;D_| _ Proteobacter ia;b_2 Al phaproteobacteria ;b_3__ Rhizobiales;b_4__ Hyphonic
robi aceae ;D 5 Hyphom cr obi um
D _0_ Bacteria;D_| _ Proteobacter ia;b_2 Al phaproteobacteria ;b_3__ Rhizobiales;b_4__ Hyphonic
robi aceae ;D 5__Pedom cr obi um
D 0__Bacteria;D_| _ Proteobacter ia;b_2 _ Al phaproteobacteria ;b_3__ Rhizobiales;b_4__ Hyphonic
robi aceae ;D 5__ Prost hecom crobi um
D 0__Bacteria;D_| _ Proteobacter ia;b_2 _ Al phaproteobacteria ;b_3__ Rhizobiales;b_4__ Hyphonic
robi aceae ;D 5___Rhodomi cr obi um
D 0__Bacteria;D_| _ Proteobacter ia;b_2 _ Al phaproteobacteria ;b_3__ Rhizobiales;b_4__ Hyphonic
robi aceae ;D 5 Rhodopl anes
D 0__Bacteria;D_| _ Proteobacter ia;b_2 _ Al phaproteobacteria ;b_3__ Rhizobiales;b_4__ Hyphonic
robi aceae ;D 5 uncul tured
D 0__Bacteria;D_| _ Proteobacter ia;b_2 _ Al phaproteobacteria ;b_3__ Rhizobiales;b_4__ Hyphonic

robi aceae ; O her
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D 0_ Bacteria;D | __Proteobacter ia;D_2 _ Al phaproteobacteria ;Db_3__ Rhizobiales;p_s_JG 4-KF-
361;D 5__uncul tured bacterium

D O_ Bacteria ;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;b_3_ _ Rhizobiales;D_4_JG 4-KF-
361;D 5 uncultured forest soil bacterium

D 0__Bacteria;D | __Proteobacter ia;D_2 _ Al phaproteobacteria ;b_3__ Rhizobiales;p_s_JG 4-KF-
361,- O her

D 0__Bacteria;D_| _ Proteobacter ia;b_2 Al phaproteobacteria ;b_3__ Rhizobiales;p_4_JG35-K1-
AG5; D 5 uncultured bacterium

D 0__Bacteria;D | _ Proteobacter ia;Db_2 _ Al phaproteobacteria ;Db_3__ Rhizobiales;b_s_KFJG O0-
B3; D 5 uncultured bacterium

D 0_ Bacteria;D | __Proteobacter ia;D_2 _ Al phaproteobacteria ;Db_3__ Rhizobial es;b_s__MG/; D_5
__uncul tured bacterium

D O0_ Bacteria;D_|__Proteobacter ia;p_2 Al phaproteobacteria ;b_3__ Rhizobiales;p_4 _MNG7;Qh
er

D0 Bacteria;D| __Proteobacter ia;b_2 Al phaproteobacteria ;D_s__ Rhizobiales;b_s__ Methylob
acter i aceae;D 5 _Meganenma

D 0 Bacteria;D| __ Proteobacter ia;b_2 Al phaproteobacteria ;b_s__ Rhizobiales;b_s__ Methylob
acteriaceae;D 5 Methyl obacter i um

D 0 Bacteria;D| __ Proteobacter ia;b_2 Al phaproteobacteria ;D_s__ Rhizobiales;b_s__ Methylob
acteriaceae;D 5 _Mcrovirga

D O0_Bacteria;D| __Proteobacter ia;b_2 Al phaproteobacteria ;D_s__ Rhizobiales;b_s__ Methylob
acteriaceae;D 5 uncul tured

D O0_Bacteria;D| __Proteobacter ia;b_2 Al phaproteobacteria ;b_s__ Rhizobiales;b_s__ Methylob
acter i aceae; Ot her

D O0_ Bacteria;D|__Proteobacter ia;p_2 Al phaproteobacteria ;b_s__ Rhizobiales;b_4_ Mthyl oc
ystaceae ;D 5__ Al bi bacter

D 0_ Bacteria;D| __Proteobacter ia;p_2 Al phaproteobacteria ;b_s__ Rhizobiales;b_4_ Mthyl oc
ystaceae ;D 5 Methylopil a

D O0_ Bacteria;D|__Proteobacter ia;p_2 Al phaproteobacteria ;b_s__ Rhizobiales;b_4_ Mthyl oc
ystaceae ;D 5__Pl eonor phononas

D 0_ Bacteria;D|__Proteobacter ia;p_2 Al phaproteobacteria ;b_s__ Rhizobiales;b_4_ Mthyl oc
yst aceae ; & her

D _O_ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacteria ;b_3s__ Rhizobiales;p_4__ Phylloba
cteriaceae;D 5 Aquam crobi um

D _O0_ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacteria ;b_3s__ Rhizobiales;p_4__ Phylloba
cteriaceae;D 5 Mesorhizobi um

D _O__ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacteria ;b_3s__ Rhizobiales;p_4__ Phylloba
cteriaceae;D 5 N tratireductor

D 0_ Bacteria;D| __Proteobacter ia;b_2 Al phaproteobacteria ;b_s__ Rhizobiales ;p_4__ Phylloba
cteriaceae;D 5 Phyllobacter i um

D _O_ Bacteria;D_| _ Proteobacter ia;Db_2 _ Al phaproteobacteria ;b_3__ Rhizobiales;p_4__ Phylloba
cteriaceae;D 5 Pseudan nobacter

D _O_ Bacteria;D_| _ Proteobacter ia;Db_2 Al phaproteobacteria ;b_s__ Rhizobiales;pb_4__ Phylloba
cteriaceae; D 5 uncul tured

D 0_ Bacteria;D| __Proteobacter ia;b_2 Al phaproteobacteria ;b_s__ Rhizobial es ;p_4__ Phylloba
cteriaceae; O her

D 0 Bacteria;D| __ Proteobacter ia;b_2 Al phaproteobacteria ;Db_s__ Rhizobiales;b_s_ Rhizobia
ceae;D 5 Ensifer

D 0 Bacteria;D]| __ Proteobacter ia;b_2 Al phaproteobacteria ;Db_s__ Rhizobiales;b_s_ Rhizobia
ceae;D 5 Kaistia

D 0 Bacteria;D| __ Proteobacter ia;b_2 Al phaproteobacteria ;Db_s__ Rhizobiales;b_s_ Rhizobia
ceae; D 5 Rhi zobi um

D 0 Bacteria;D| __ Proteobacter ia;b_2 Al phaproteobacteria ;Db_s__ Rhizobiales;b_s_ Rhizobia
ceae;D 5 Shinella

D 0 Bacteria;D]l __ Proteobacter ia;b_2 Al phaproteobacteria ;Db_s__ Rhizobiales;b_s_ Rhizobia
ceae; O her

D 0 Bacteria;D]| __Proteobacter ia;D_2 Al phaproteobacteria ;Db_s__ Rhizobiales;b_s_ Rhizobia
les Incertae Sedis;D 5 __Agaricicola

D 0 Bacteria;D| __ Proteobacter ia;b_2 Al phaproteobacteria ;Db_s__ Rhizobiales;b_s_ Rhizobia
les Incertae Sedis;D 5__Baul dia

D 0 Bacteria;D.]| __Proteobacter ia;b_2 Al phaproteobacteria ;Db_s__ Rhizobiales;b_s_ Rhizobia

les Incertae Sedis;D 5 Nordella
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D 0_ Bacteria; D_I__Proteobacter ia;D_2__Al phaproteobacteria;p_z __Rhizobiales ;D 4__Rhi zobi a
les Incertae Sedis;D 5 Rhizom crobium

D 0_ Bacteria;D_| _ Proteobacter ia;b_2 _Al phaproteobacteria;b_s__ Rhizobial es ;D 4__Rhodobia
ceae; D 5 Parvi bacul um

D _0_ Bacteria;D_| _ Proteobacter ia;b_2 _Al phaproteobacteria;b_s__ Rhizobial es ;D 4__Rhodobia
ceae; D 5 Rhodobi um

D _0_ Bacteria;D_| _ Proteobacter ia;b_2 _Al phaproteobacteria;b_s__ Rhizobial es ;D 4__Rhodobia
ceae; D 5__Rhodol i got r ophos

D _0_ Bacteria;D_| _ Proteobacter ia;b_2 _Al phaproteobacteria;b_s__ Rhizobial es ;D 4__Xant hoba
cteraceae;D 5 __Ancyl obacter

D 0_ Bacteria;D_| _ Proteobacter ia;b_2 _Al phaproteobacteria;b_s__ Rhizobial es ;D 4__Xant hoba
cteraceae;D 5 Labrys

D _0_ Bacteria;D_| _ Proteobacter ia;b_2 _Al phaproteobacteria;b_s__ Rhizobial es ;D 4__Xant hoba
cter aceae;D 5 Pseudol abr ys

D 0__ Bacteria;D_| _ Proteobacter ia;b_2 _Al phaproteobacteria;b_s__ Rhizobial es ;D 4__Xant hoba
cter aceae;D 5 Pseudoxant hobact er

D O_ Bacteria;D | __ Proteobacter ia;b_2 _Al phaproteobacteria;b_s_ Rhizobiales ;D 4__Xanthoba
cter aceae;D 5 Xant hobact er T

D _0_ Bacteria;D_| _ Proteobacter ia;p_2 _Al phaproteobacteria;b_s__ Rhizobial es ;D 4__Xant hoba
cteraceae;D 5 uncul tured

D 0__ Bacteria;D_| _ Proteobacter ia;b_2 _Al phaproteobacteria;b_s__ Rhizobial es ;D 4__Xant hoba
cter aceae; Ot her

D_0_ Bacteria;D_|__Proteobacter ia;p_2 _Al phaproteobacteria;b_s__ Rhizobiales ;D 4__alphal
cluster ;D 5_ _uncultured bacterium

D 0_ Bacteria;D|__Proteobacter ia;D_2 Al phaproteobacter ia;D_3_ Rhizobiales ;D 4__al phal
cluster ;D5 uncultured forest soil bacterium

D O0_ Bacteria;D_|__Proteobacter ia;p_2 _Al phaproteobacteria;b_s__ Rhizobiales ;D 4__alphal
cluster ;O her

D O0_ Bacteria;D_|__Proteobacter ia;p_2 _Al phaproteobacteria;b_s__ Rhizobiales ;D 4__uncultur
ed; D 5 uncultured bacterium

D O0_ Bacteria;D_|__Proteobacter ia;p_2 _Al phaproteobacteria;b_s__ Rhizobiales ;D 4__uncultur
ed; O her

D _0_ Bacteria;D_|__Proteobacter ia;b_2 _Al phaproteobacteria;b_s__ Rhizobiales;CQher ;Cher

D 0__Bacteria;D | _ Proteobacter ia;b_2 _Al phaproteobacteria;b_s__ Rhodobacteral es ;D 4_ Rhod
obact eraceae ;D 5 Al bi nbnas

D _0_ Bacteria;D_| _ Proteobacter ia;p_2 _Al phaproteobacteria;b_s__ Rhodobacteral es ;D 4_ Rhod
obact er aceae; D 5__Anari coccus

D 0_ Bacteria;D_| _ Proteobacter ia;p_2 _Al phaproteobacteria;b_s__ Rhodobacteral es ;D 4_ Rhod
obact eraceae ;D 5__ Def | uvi i nonas

D _0_ Bacteria;D_| _ Proteobacter ia;b_2 _Al phaproteobacteria;b_s__ Rhodobacteral es ;D 4_ Rhod
obact er aceae ;D 5__CGemmobbact er

D _0_ Bacteria;D_| _ Proteobacter ia;p_2 _Al phaproteobacteria;b_s__ Rhodobacteral es ;D 4_ Rhod
obacter aceae ;D 5__Par acoccus

D _0_ Bacteria;D_| _ Proteobacter ia;b_2 _Al phaproteobacteria;b_s__ Rhodobacteral es ;D 4_ Rhod
obact er aceae ;D 5__Rhodobact er

D O_ Bacteria;D | __ Proteobacter ia;D_2 _Al phaproteobacteria;b_s_ Rhodobacterales ;D 4__ Rhod
obact eraceae ;D 5_ Rubel i microbium

D _0_ Bacteria;D_| _ Proteobacter ia;p_2 _Al phaproteobacteria;b_s__ Rhodobacteral es ;D 4__ Rhod
obact eraceae ;D 5__ Tabrizicola

D 0__ Bacteria;D_| _ Proteobacter ia;b_2 _Al phaproteobacteria;p_s__ _Rhodobacteral es ;D 4_ Rhod
obacteraceae ;D 5 Thi ocl ava

D 0_ Bacteria;D | _ Proteobacter ia;p_2 _Al phaproteobacteria;b_s__ Rhodobacteral es ;D 4_ Rhod
obact eraceae ;D 5 uncul tured

D 0_ Bacteria; D_I__Proteobacter ia;D 2__Al phaproteobacteria;p_s_Rhodobacteral es ;D 4_ Rhod
obacteraceae; D_5_uncultured bacterium

D 0_ Bacteria;D | _ Proteobacter ia;p_2 _Al phaproteobacteria;b_s__ Rhodobacteral es ;D 4_ Rhod

obact er aceae ;O her

D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;b_s_ Rhodospiri Hales ;D _4__ AKY
HA78; D 5 uncul tured al pha proteobacter i um

D 0_ Bacteria;D_| _ Proteobacter ia;Db_2 _Al phaproteobacteria;p_s__ Rhodospiri Hales ;D 4__ AKY
H478; D 5_ uncul tured bacterium

D 0_ Bacteria;D | _ Proteobacter ia;b_2 _Al phaproteobacteria;p_s__ Rhodospiri Hales ;D 4_ AKY
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H478 - Ot her
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ _Rhodospirillales;D 4_ Ace
tobacteraceae ;D 5 Acet obacter
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
tobacteraceae ;D 5 Aci di cal dus
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ _Rhodospirillales;D 4_ Ace
tobacteraceae ;D 5 Acidiphilium
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
tobacteraceae ;D 5 Acidocella
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
tobacteraceae ;D 5__ Asai a
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
t obacteraceae ;D 5__ Bel napi a
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D _3__ Rhodospirillales;D 4_ Ace
tobact eraceae ;D 5 Commensal i bacter
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
t obact eraceae ;D 5__ Craurococcus
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
tobact eraceae ;D 5__{ uconacet obact er
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
tobact eraceae ;D 5 _d uconobacter
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
t obact eraceae ;D 5 Konmgat aei bact er
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
tobacteraceae ;D 5 Miricoccus
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
tobact eraceae ;D 5 _Rhodovastum
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
t obact eraceae ;D 5___Roseonpnas
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
t obacteraceae ;D 5 Rubritepida
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D _3__ Rhodospirillales;D 4_ Ace
tobact eraceae ;D 5 Sacchar i bacter
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
tobacteraceae ;D 5 uncul tured
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3__ Rhodospirillales;D 4_ Ace
t obact eraceae ; O her
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D 3__ Rhodospirillales;D 4_ B79
;D 5 uncultui-ed bacterium
D O_ Bacteria;D | __ Proteobacter ia;D 2__Al phaproteobacter ia;D 3__ Rhodospirillales;D 4__ CCU
22 ; O her
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D 3__ _Rhodospirillales;D 4_ DA
11;D 5__uncul tured al pha proteobacter i um
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D 3__ _Rhodospirillales;D 4_ DA
11;D 5__uncultured bacterium
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D 3__ _Rhodospirillales;D 4_ DA
11;D 5__uncultured forest soil bacterium
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D 3__Rhodospirillales;D 4_ DA
11,- & her
D O_ Bacteria;D | __Proteobacter ia;D 2__ Al phaproteobacter ia;D 3_ Rhodospirillales;D 4_ 1I-
10; D 5 uncultured bacterium
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3_ Rhodospirillales;D 4 J&
7-AG-20;D 5 uncultured bacterium
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D_3_ Rhodospirillales;D 4 J&X
7-AG 20; O her
D O_ Bacteria;D | __Proteobacter ia;D 2__ Al phaproteobacter ia;D 3__ Rhodospirillales;D 4__KCM
-B-15;D 5__uncul tured Rhodospir illaceae bacterium
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D 3__ Rhodospirillales;D 4_ KCM
-B-15;D 5__uncul tured bacterium
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D 3_ Rhodospirillales;D 4_ KCM
- B- 15,- Ot her
D O_ Bacteria;D | __ Proteobacter ia;D 2__ Al phaproteobacter ia;D 3_ Rhodospirillales;D 4_ KCM
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-B-60;D 5 uncultured Rhodospir illales bacterium

D O0_ Bacteria ;D |__ Proteobacter ia;D_2 _Al phaproteobacteria ;b_3__ Rhodospir illales;D_4__KCM
-B-60;D 5 uncultured bacterium T

D O0_ Bacteria ;D |__Proteobacter ia;D_2 _Al phaproteobacteria ;b_3__ Rhodospir illales;D_4__KCM
-B-60;Ct her T

D 0_ Bacteria ;D | _ Proteobacter ia;D_2 _Al phaproteobacteria ;Db_3__ Rhodospir illales;D_4__MC
12;D 5 | uncultured bact eri um

D 0_ Bacteria ;D |__ Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rhodospir illales ;D_4__MD
8;D 5 ~uncul tured bacterium T

D 0_ Bacteria ;D |__ Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rhodospir illales ;D_4__MD
8; Ot her T

D 0_ Bacteria; D_I__Proteobacter ia;D 2__Al phaproteobacteria ;b_3__ Rhodospir illales;D_4__NMB
-1E8; D 5__uncul tured Rhodospir illales bacterium

D 0_ Bacteria ;D |__ Proteobacter ia;D 2__ Al phaproteobacter ia;b_3__ Rhodospir illales ;D _4__MB
-1E8; D 5 uncultured al pha proteobacter ium

D 0_ Bacteria ;D | _ Proteobacter ia;D_2 _Al phaproteobacteria ;Db_3s__ Rhodospir illales;D_4__NMB
-1E8; D 5 uncultured bacterium

D 0_ Bacteria ;D |__ Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rhodospir illales ;D_4__MsB
- 1E8; Ot her T

D 0_ Bacteria ;D | I __Proteobacter ia;b_2 _Al phaproteobacteria ;b_s___Rhodospir illales;D_4__Rho
dospir lllaceae D5 Azospirillum

D 0_ Bacteria D | __Proteobacter ia;D_2 _Al phaproteobacteria ;b_3__ Rhodospir illales;D_4__Rnho
dospirillaceae ;D 5 _Defluvii coccus

D 0_ Bacteria ;D | I __Proteobacter ia;b_2 _Al phaproteobacteria ;b_s__ Rhodospir illales;D_4__Rho
dospirillaceae ;D 5 Desert ibacter

D 0_ Bacteria ;D | I __Proteobacter ia;b_2 _Al phaproteobacteria ;b_s__ Rhodospir illales;D_4__Rho
dospirill aceae D 5 Dongia

D O_ Bacteria D | __Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rhodospir illales;D_4__Rnho
dospirillaceae ;D5 _ FElstera

D 0_ Bacteria ;D I __Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rhodospir illales;D_4__Rho
dospir i |l aceae ;D 5_ Ferrovibrio T

D 0_ Bacteria ;D_ I __Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rhodospir illales;D_4__Rno
dospirillaceae ;D 5_ Inquilinus T

D 0_ Bacteria D I __Proteobacter ia;b_2 _Al phaproteobacteria ;b_s__ Rhodospir illales;D_4__Rho
dospirillaceae ;D 5__ Pel agi bi us

D O_ Bacteria D_I __Proteobacter ia;b_2 _Al phaproteobacteria ;b_s___Rhodospir illales;D_4__Rho
dospirillaceae ;D 5 Skernanella

D 0_ Bacteria ;D | I __Proteobacter ia;D_2 _Al phaproteobacteria ;b_s___Rhodospir illales;D_4__Rho
dospirillaceae ;D 5 Thal assobacul um

D 0_ Bacteria D I __Proteobacter ia;b_2 _Al phaproteobacteria ;b_s___Rhodospir illales;D_4__Rho
dospirillaceae ;D 5_ Thal assospira

D 0_ Bacteria ;D_I __Proteobacter ia;b_2 _Al phaproteobacteria ;b_s___Rhodospir illales;D_4__Rho
dospirillaceae ;D 5 __uncul tured

D _O_ Bacteria ;D | _ Proteobacter ia;Db_2 _Al phaproteobacteria ;Db_3__ Rhodospir illales;D_4__Rno
dospirillaceae ;Q her

D _0_ Bacteria ;D_| _ Proteobacter ia;D 2__Al phaproteobacter ia;Db_3__ Rhodospir illales;D_4__Rno
dospirillales Incertae Sedis;D 5___Candidatus Al ysiosphaera

D _O_ Bacteria ;D_| _ Proteobacter ia;D 2__Al phaproteobacter ia;Db_3__ Rhodospir illales;D_4__Rno
dospirillales Incertae Sedis;D5__Genini coccus

D _0__Bacteria ;D_| _ Proteobacter ia;D 2__Al phaproteobacter ia;Db_3__ Rhodospir illales;D_4__Rno
dospirillales Incertae Sedis;D5_Reyranella

D _0_ Bacteria ;D_| _ Proteobacter ia;D_2 _Al phaproteobacteria ;Db_3__ Rhodospir illales;D_4__Rno
dospirillales Incertae Sedis; Oher

D 0_ Bacteria;D_|__Proteobacter ia;D_2 _Al phaproteobacteria ;b_3__ Rhodospir illales;CQher ;Ct
her

D 0_ Bacteria ;D | _ Proteobacter ia;Db_2 _Al phaproteobacteria ;p_3__ Rickettsiales ;D_4_ _AKIW10
12; D 5 uncultured bacterium

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rickettsiales ;D_4__AKIW10
12,- &t her T

D O0_ Bacteria ;D |__Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rickettsiales ;D_4_ _Anapla
snmat aceae ;D 5__ Wl bachi a T

D _0_ Bacteria ;D | _ Proteobacter ia;Db_2 _Al phaproteobacteria ;b_3__ Rickettsiales ;D_4_ _Anapla
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smataceae ;D_5 uncul tured

t hr obact er aceae ; O her

D 0_ Bacteria ;DI __Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rickettsiales ;D 4_ EF100-
94H03; D 5_ uncul tured bacterium T

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Alphaproteobacteria ;b_3__ Rickettsiales ;D 4_ _Hol osp
oraceae ;D 5__uncul tured

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rickettsiales ;D 4_ LWSR-
14;D 5_ _uncul tured bacterium

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rickettsiales ;D 4_ LWSR-
14,- &t her

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Al phaproteobacteria ;D_3__ Rickettsiales ;D 4_ _RB446;
D 5 uncultured bacterium

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Alphaproteobacteria ;b_3__ Rickettsiales ;D 4_ _Ricket
tsiaceae; D5__Rickettsia

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Alphaproteobacteria ;b_3__ Rickettsiales ;D 4_ _Ricket
tsiaceae ;D 5__uncul tured

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Alphaproteobacteria ;b_3__ Rickettsiales ;D 4_ _Ricket
tsi aceae; Ot her

D O_ Bacteria; D_I__Proteobacter ia;D 2_ _Al phaproteobacteria ;b_3 _ Rickettsiales ;D 4_ _Ricket
tsiales Incertae Sedis;D 5 __ Candidatus Captivus

D O_ Bacteria ;D 1_ Proteobacter ia;D 2_ _Al phaproteobacteria ;b_3__ Rickettsiales ;D 4_ _Ricket
tsiales Incertae Sedis;D5__ Candidatus Hepatincola

D O_ Bacteria ;D 1_ Proteobacter ia;D 2_ _Al phaproteobacteria ;b_3_ _ Rickettsiales ;D 4_ _Ricket
tsiales Incertae Sedis;D 5 __ Candidatus Odyssella

D O0_ Bacteria ;D | __Proteobacter ia;D 2__Al phaproteobacter ia;b_3__ Rickettsiales ;D 4_ _Ricket
tsiales Incertae Sedis;D 5 Constrictibacter

D O_ Bacteria ;D 1_ Proteobacter ia;D 2_ _A phaproteobacteria ;b_3__ Rickettsiales ;D _4_ _SWMeD12
;D 5__uncultured al pha proteobacter ium

D O0_ Bacteria ;DI __Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rickettsiales ;D 4_ _SWD12
;D 5__uncultured bacterium T

D O0_ Bacteria ;DI __Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rickettsiales ;D 4_ _SWMD12
;D 5__uncultured organism -

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Alphaproteobacteria ;b_3__ Rickettsiales ;D 4_ _SM2D12
;O her

D 0_ Bacteria ;DI __Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rickettsiales ;D 4_ _TK34;D
_5__uncultured bacterium T

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Alphaproteobacteria ;b_3_ _ Rickettsiales ;D 4_ _TK34;0
t her

D O0_ Bacteria ;DI __Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Rickettsiales ;D 4_ _uncult
ured; D 5__ uncultured bacterium T

D 0_ Bacteria ;D_| _ Proteobacter ia;D_2 _Al phaproteobacteria ;D_3__ Rickettsiales ;O her ;O her
D 0_ Bacteria ;DI __Proteobacter ia;b_2 _Al phaproteobacteria ;b_3__ Sneathiellales ;D 4 _ Sneat
hi el laceae ;D 5 uncul tured T

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Al phaproteobacteria ;D_3__ Sphingononadales ;D_4__ 7B-
8;D 5__uncultured bacterium

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Al phaproteobacteria ;D_3__ Sphingononadal es ;p_4__ 7B-
8;C her

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Al phaproteobacteria ;D_3__ Sphingononadal es ;p_4_ DSS
F69 O her

D 0__Bacteria ;D | _ Proteobacter ia;Db_2 _Al phaproteobacteria ;D_3__ Sphingononadales ;p_4_ Ell
in6055; D 5 __ uncultured bacterium

D _0_ Bacteria ;D_| _ Proteobacter ia;Db_2 _Al phaproteobacteria ;D_3__ Sphingononadales ;p_4_ Ell
i n6055; O her

D 0_ Bacteria ;DI __Proteobacter ia;D 2__Al phaproteobacter ia;b_3__ Sphingononadales ;p_4_ Ery
t hr obacter aceae ;D 5 Alter erythr obacter

D 0_ Bacteria ;D | __Proteobacter ia;D_2 _Al phaproteobacteria ;D_3s__ Sphingononadales ;p_4_ Ery
t hr obact er aceae ;D 5 Erythr obacter

D 0_ Bacteria ;D | __Proteobacter ia;D_2 _Al phaproteobacteria ;D_3s__ Sphingononadales ;D_4_ Ery
t hr obact er aceae ;D 5 Porphyr obacter

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Al phaproteobacteria ;D_3s__ Sphingononadales ;D_4_ Ery
t hr obacter aceae ;D 5 uncul tured

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Al phaproteobacteria ;D_3s__ Sphingononadales ;D_4_ Ery
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D 0_ Bacteria; DI __Proteobacter ia;D_2 _Al phaproteobacter ia;D 3__ Sphingononadal es ;b_4_ JG3
4-KF-161;D 5 uncul tured bacterium

D O_ Bacteria; DI __Proteobacter ia;D 2__Al phaproteobacter ia;D 3 __ Sphingononadales ;pb_4_ J&3
4-KF-161; D 5__uncul tured soil bacterium

D 0__Bacteria; DI _ Proteobacteria;Db_2 _Al phaproteobacter ia;D_3__Sphingononadal es ;p_4_ J&
4- KF-161; O her

D_O0_ Bacteria; D_| _ Proteobacteria ;p_2 _Al phaproteobacter ia;D 3__ Sphingononadal es ;D_4__ Sph
i ngononadaceae ; D 5__Novosphi ngobi um

D 0_ Bacteria; DI _ Proteobacter ia; D_2__Al phaproteobacter i a;D 3__ Sphi ngononadal es ;D_4__ Sph
i ngononadaceae ; D 5 Sandar aci nobact er

D 0_ Bacteri a; D_I __Proteobacter ia; D 2_ _Al phaproteobacter ia;D 3 __ Sphi ngonponadal es ;D_4__ Sph
i ngononadaceae ; D 5__Sandar aki nor habdus

D 0_ Bacteri a; D | __Proteobacteria;D_2 _Al phaproteobacter ia;D_3__ Sphingononadal es ;D_4__ Sph
i ngononadaceae ; D 5 Sphi ngobi um

D 0_ Bacteria; DI _ Proteobacter ia; D_2__Al phaproteobacter i a;D_3__Sphi ngononadal es ;Db_4__ Sph
i ngononadaceae ; D 5__ Sphi ngoni cr obi um

D 0_ Bacteri a; D_I __Proteobacteria;b_2 _Al phaproteobacter ia;D3__ Sphingononadal es ;b_4__Sph
i ngononadaceae ;D 5__ Sphi ngonbnas

D_O0_ Bacteria; D_| _ Proteobacteria;D_2 _Al phaproteobacter ia;D 3__ Sphingononadal es ;D_4__ Sph
i ngononadaceae ;D 5__ Sphi ngopyxi s

D 0_ Bacteri a; D_I __Proteobacteria ;p_2 _Al phaproteobacter ia;D3__ Sphingononadal es ;b_4__ Sph
i ngononadaceae ;D 5__ Sphi ngor habdus

D_O0_ Bacteria; D_| _ Proteobacteria;D_2 _Al phaproteobacter ia;D 3__ Sphingononadal es ;D_4__ Sph
i ngonbnadaceae ;D 5___Zynpnonas

D_O0_ Bacteria; D_| _ Proteobacteria;D_2 _Al phaproteobacter ia;D_3__Sphingononadal es ;D_4__ Sph
i ngononadaceae ;D 5__uncul tured

D_O0_ Bacteria; D_| _ Proteobacteria;D_2 _Al phaproteobacter ia;D 3__ Sphingononadal es ;D_4__ Sph
i ngononadaceae ; &t her

D O0_ Bacteria; DI __Proteobacteria ;b_2 _Al phaproteobacter ia;D 3 _ Sphingononadal es ;p_4__ WA2
-159; O her -

D O0_ Bacteria; D_| _ Proteobacteria ;D_2 _Al phaproteobacter ia;D 3__ Sphingononadal es ; Gt her ;Ct
her

D 0__Bacteria; D| _ Proteobacteria;D_2 _Al phaproteobacter ia;C her ;Cher ;C her

D 0_ Bacteria; D|__ Proteobacteria;D_2 _Betaproteobacteria; D 3__B1-7BS;D 4_ uncul tured
bacterium D5 -

D O0_ Bacteria; D|__Proteobacteria;D_2 _Betaproteobacteria; D_3__Burkhol deriales;p_4__ Al cal
i genaceae ;D 5__ Achr onmobact er T

D_O_ Bacteria; D_| _ Proteobacteria;D_2 _Betaproteobacteria; D 3__Burkholderiales;p_a_ _Alcal
i genaceae ;D 5_ Advenell a

D_O_ Bacteria; D_| _ Proteobacteria;D_2 _Betaproteobacteria; D 3__Burkholderiales;p_a__Alcal

i genaceae ;D 5__ Al caligenes

D_O_ Bacteria; D_| _ Proteobacteria;D_2 _Betaproteobacteria; D 3__Burkhol deriales;p_a__Alcal

i genaceae ;D 5_ 0Oligella

D_O0_ Bacteria; D_| _ Proteobacteria;D_2 _Betaproteobacteria; D 3__Burkholderiales;p_a__Alcal

i genaceae ;D 5__Parapusillinonas

D O0_ Bacteria; D|__ Proteobacteria;D_2 _Betaproteobacteria; D_3__Burkhol deriales;p_4__Al cal

i genaceae ;D 5__Pusillinonas T

D_O_ Bacteria; D_| _ Proteobacteria;D_2 _Betaproteobacteria; D 3__Burkhol deriales;p_a__Alcal

i genaceae ;D 5_ Sutterella

D_O_ Bacteria; D_| _ Proteobacteria;D_2 _Betaproteobacteria; D 3__Burkhol deriales;p_a__Alcal

i genaceae ;D 5 uncul tured

D_O0_ Bacteria;D_|__ Proteobacter ia;D_2 _Betaproteobacteria; D 3__Burkhol deriales;p_a__Alcal

i genaceae ; & her

D_0_ Bacteria; D_| _ Proteobacteria;D_2 _Betaproteobacteria; D_3__Burkholderiales;p_a_Burkh
ol deri aceae; D_5 Burkhol deri a

D O_ Bacteria; DI __Proteobacteria ;D 2__Betaproteobacter ia;D 3__Burkhol derial es;p_4__Burkh
ol deri aceae; D_5_Candi datus @ oner i bacter

D 0_ Bacteria; DI __Proteobacter ia; D 2__Betaproteobacteria; D_3 _Burkhol derial es;b_4__Burkh
ol deri aceae; D_5 Candi datus Trenbl aya

D O0_ Bacteria; D_| _ Proteobacteria;D_2 _Betaproteobacteria; D_3__Burkholderiales;p_a_Burkh
ol deri aceae; D_5 Cupri avi dus

D 0_ Bacteria; D_| _ Proteobacteria;D_2 _Betaproteobacteria; D_3__Burkholderiales;p_a_Burkh
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ol der i aceae; D_s5__ Lautropia

D O0_ Bacteria;D|__ Proteobacteria;b_» Betaproteobacteria ;p_3s__ Burkholderiales;D_s4 _ Burkh
ol der i aceae; D_5__Li mobacter T

D O0_ Bacteria;D|__ Proteobacteria;b_» Betaproteobacteria ;b_3s__ Burkhol der iales;D_4 _ Burkh
ol der i aceae; D_5__ Pol ynucl eobacter

D O_ Bacteria;D|__ Proteobacteria;b_» Betaproteobacteria ;bp_3s__ Burkhol der iales;D_s4 _ Burkh
ol der i aceae; D _s5__ Ral stoni a T

D 0_ Bacteria;D_| _ Proteobacteria;Dp_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5 Aci dovor ax

D O_ Bacteria;D | __ Proteobacteria;b_2 Betaproteobacteria ;b_3__ Burkhol deriales;D_4__ Comam
onadaceae ;D 5__ Al icycliphilus T

D 0_ Bacteria;D_| _ Proteobacteria;p_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5 _ Aquabacteri um

D 0_ Bacteria;D_| _ Proteobacteria;Dp_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5__ Aqui ncol a

D O0_ Bacteria;D_|__Proteobacteria;p_2 Betaproteobacteria ;bp_s__ Burkhol der iales;p_s__ Comam
onadaceae ;D 5__ Azohydr ononas

D 0_ Bacteria;D_| _ Proteobacteria;b_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5__ Brachynonas

D 0_ Bacteria;D_| _ Proteobacteria;Dp_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5__ Caeni nonas

D 0_ Bacteria;D_| _ Proteobacteria;p_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5__ Cal di nonas

D O0_ Bacteria;D_|__Proteobacteria;p_2 Betaproteobacteria ;b_s__ Burkhol der iales;p_s__ Comam
onadaceae ;D 5 _ Chl orochromati um

D 0_ Bacteria;D_| _ Proteobacteria;Dp_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5__ Comanonas

D 0_ Bacteria;D_| _ Proteobacteria;p_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5__ Curvi bacter

D O0_ Bacteria;D_|__Proteobacteria;p_2 Betaproteobacteria ;bp_s__ Burkhol der iales;b_s4__ Comam
onadaceae ;D5 Delf tia

D 0_ Bacteria;D_| _ Proteobacteria;Dp_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5__ Hydr ogenophaga

D 0_ Bacteria;D_| _ Proteobacteria;b_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5 |deonella

D O_ Bacteria;D | __ Proteobacteria;b_2 Betaproteobacteria ;b_3__ Burkhol deriales;D_4__ Comam
onadaceae ;D 5 _ Leptothrix T

D O0_ Bacteria;D_|__Proteobacteria;p_2 Betaproteobacteria ;bp_s__ Burkhol der iales;p_s__ Comam
onadaceae ;D 5__ Li mohabi t ans

D 0_ Bacteria;D_| _ Proteobacteria;Dp_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D5 Otow a

D 0_ Bacteria;D_| _ Proteobacteria;p_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5__ Pauci bact er

D O0_ Bacteria;D_|__Proteobacteria;p_2 Betaproteobacteria ;bp_s__ Burkhol der iales;p_s__ Comam
onadaceae ;D 5__ Pel onpbnas

D O_ Bacteria;D | __ Proteobacteria;b_2 Betaproteobacteria ;b_3__ Burkhol deriales;D_4__ Comam
onadaceae ;D 5 _ Pi sci ni bacter T

D 0_ Bacteria;D_| _ Proteobacteria;Dp_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5__ Pol ar onbnas

D 0_ Bacteria;D_| _ Proteobacteria;Dp_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5 _Ranlibacter

D O0_ Bacteria;D_|__Proteobacteria;p_2 Betaproteobacteria ;b_s__ Burkhol der iales;p_s__ Comam
onadaceae ;D 5__ Rhi zobact er

D 0_ Bacteria;D_| _ Proteobacteria;Dp_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5 _ Schlegelella

D O0_ Bacteria;D_|__Proteobacteria;p_» Betaproteobacteria ;bp_s__ Burkhol der iales;pb_s__ Comam
onadaceae ;D 5 _ Sinplicispira

D O0_ Bacteria;D_|__Proteobacteria;p_2 Betaproteobacteria ;bp_s__ Burkhol der iales;p_s__ Comam
onadaceae ;D 5__ Tepi di nbnas

D 0_ Bacteria;D_| _ Proteobacteria;p_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
onadaceae ;D 5 _Var i ovor ax

D 0_ Bacteria;D_| _ Proteobacteria;Dp_2 _Betaproteobacteria ;b_s__ Burkhol der iales;p_4__ Comam
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onadaceae ;D_5__ Xenophi | us

D_0_ Bacteria;D_|__Proteobacter ia;D_2 _Betaproteobacteria ;b_s__ Burkholder iales;D_4__Comam
onadaceae ;D 5 uncul tured

D 0_ Bacteria;D | _ Proteobacter ia;D_2 _ Betaproteobacteria ;p_s__ Burkhol der iales;D_4__Comam
onadaceae ; & her

D 0_ Bacteria;D|__Proteobacter ia;D_2 _Betaproteobacteria ;b_s__ Burkholderiales;D_4__Oxalo
bact eraceae ;D 5__ Herbaspirilium B

D 0__Bacteria;D | _ Proteobacter ia;D_2 _ Betaproteobacteria ;p_s__ Burkhol deriales;D_4__Oxal o
bact eraceae ;D 5 Herm niinonas

D 0_ Bacteria;D|__Proteobacter ia;D_2 _ Betaproteobacteria ;b_s__ Burkholderiales;D_4__Oxalo
bact eraceae ;D 5_ Jant hi nobacter ium

D _0_ Bacteria;D | _ Proteobacter ia;D_2 _ Betaproteobacteria ;p_s__ Burkhol deriales;D_4__Oxal o
bacteraceae; D 5 Massilia

D 0__Bacteria;D | _ Proteobacter ia;D_2 _ Betaproteobacteria ;p_s__ Burkhol der iales;D_4__Oxal o
bact eraceae ;D 5 Novi herbaspir ilium

D 0_ Bacteria;D|__Proteobacter ia;D_2 _ Betaproteobacteria ;b_s__ Burkholder iales;D_4__Oxalo
bact eraceae; D_5__ Undi bacter i um B

D _0_ Bacteria;D | __Proteobacter ia;D_2 _ Betaproteobacteria ;p_s__ Burkhol deriales;D_4__Oxal o
bact eraceae ;D 5 uncul tured

D 0__Bacteria;D | __ Proteobacter ia;D_2 _ Betaproteobacteria ;p_s__ Burkhol deriales;D_4__Oxal o
bact er aceae ; O her

D O0_ Bacteria;D_| __Proteobacter ia;D_2 _Betaproteobacteria ;b_s__ Burkhol der ial es;CQher ;O he
r

D 0_ Bacteria;D_|__Proteobacter ia;D_2 _ Betaproteobacteria ;b_s_Jot Creek

32;D 4 _uncultured bacterium D5

D O_ Bacteria;D | __ Proteobacter ia;D_2 Betaproteobacteria ;b_3_ Hydrogenophi lales;D_4 Hyd
rogenophil aceae ;D 5_ Ferritrophicum ~

D 0_ Bacteria;D | _ Proteobacter ia;D_2 _ Betaproteobacteria ;p_s__ Hydrogenophi lales;D_4_ Hyd
rogenophi | aceae ;D 5__ Hydr ogenophi | us

D 0_ Bacteria;D_| _ Proteobacter ia;D_2 _ Betaproteobacteria ;p_s__ Hydrogenophi lales;D_4_ Hyd
rogenophi | aceae ;D 5__ Tepi di phil us

D _O_ Bacteria;D_| _ Proteobacter ia;D_2 _ Betaproteobacteria ;p_s__ Hydrogenophi lales;D_4_ Hyd
rogenophi | aceae ;D 5__Thi obaci |l us

D _O_ Bacteria;D_| _ Proteobacter ia;D_2 _ Betaproteobacteria ;p_s__ Hydrogenophi lales;D_4_ Hyd
rogenophi | aceae ;D 5 uncul t ured

D O0_ Bacteria;D_|___Proteobacter ia;D_2 _Betaproteobacteria ;p_s___Methylophi lales;D_4__Mthy
| ophi | aceae ;D 5__Met hyl obaci | | us

D _0_ Bacteria;D_|___Proteobacter ia;D_2 _Betaproteobacteria ;b_s__ Methylophi Iales;D_4__Mthy
| ophi | aceae ;D_5__Met hyl ophi | us

D _0_ Bacteria;D_|___Proteobacter ia;D_2 _Betaproteobacteria ;b_s__ Methylophi Iales;D_4__Mthy
| ophi | aceae ;D 5 _Met hyl ot enera

D O0_ Bacteria;D_|___Proteobacter ia;D_2 _Betaproteobacteria ;b_s__ Methylophi Iales;D_4__Mthy
| ophi | aceae ;D 5 _OW3 cl ade

D O0_ Bacteria;D_|___Proteobacter ia;D_2 _Betaproteobacteria ;b_s___Methylophi Iales;D_4__Methy
| ophil aceae ;D 5 PRDO ad | B

D O0_ Bacteria;D | __Proteobacter ia;D_2 _ Betaproteobacteria ;b_3__ Methyl ophi lales;D_4__Mthy
| ophi |l aceae ;D 5_ uncul tured B

D O0_ Bacteria;D_|___Proteobacter ia;D_2 _Betaproteobacteria ;b_s___Methylophi Iales;D_4__Mthy
| ophi | aceae ; O her

D 0_ Bacteria;D_|__Proteobacter ia;D_2 _Betaproteobacteria ;b_3__ Neisseriales;D 4 _Neisseri
aceae;D 5 Kingella

D 0_ Bacteria;D_|__Proteobacter ia;D_2 _Betaproteobacteria ;b_3__ Neisseriales;D 4 _Neisseri
aceae; D 5__ Neisseria

D 0_ Bacteria;D_|__Proteobacter ia;D_2 _Betaproteobacteria ;b_3__ Neisseriales;D 4 _Neisseri
aceae; D 5__Snodgrassel |l a

D 0_ Bacteria;D_|__Proteobacter ia;D_2 _Betaproteobacteria ;b_3__ Neisseriales;D 4 _Neisseri
aceae;D 5 Vogesella

D 0_ Bacteria;D_|__Proteobacter ia;D_2 _Betaproteobacteria ;b_3__ Neisseriales;D 4 _Neisseri
aceae;D 5__uncul tured

D 0_ Bacteria;D_|__Proteobacter ia;D_2 _Betaproteobacteria ;b_3__ Neisseriales;D 4 _Neisseri
aceae; O her

D 0__Bacteria;D_| _ Proteobacter ia;D_2 _ Betaproteobacteria ;p_s__ Nitrosononadal es ;D_4__ Gal |
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ionellaceae ;D 5__ Candidatus Nitrotoga

D _0__Bacteria ;D | _ Proteobacter ia;Db_2 _Betaproteobacteria ;D_3__N trosononadales ;D 4_ Gall
ionellaceae ;D 5 Gallionella

D _O__Bacteria ;D | _ Proteobacter ia;Db_2 _Betaproteobacteria ;Db_3__N trosononadales ;D 4_ Gall
ionel |l aceae ;D 5 Sideroxydans

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Betaproteobacteria ;D_3__Nitrosononadales ;D 4_ Gall
i onel l aceae ;D 5__uncul tured T

D 0__Bacteria ;D | _ Proteobacter ia;Db_2 _Betaproteobacteria ;Db_3__N trosononadales ;D 4_ Gall
i onel | aceae ;O her

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Betaproteobacteria ;b_3__Ntrosononadales ;D 4_ Nitr
osonpnadaceae ;D 5_ Nitrosononas T

D _O__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;D_3__N trosononadales ;D 4_ Ntr
osonopnadaceae ;D 5 Nitrosospira

D 0__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;D_3__N trosononadales ;D 4_ Ntr
osonpnadaceae ;D 5 uncul tured

D 0__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;D_3__N trosononadales ;D 4_ Ntr
osonpnadaceae ; O her

D _O_ Bacteria ;D | _ Proteobacter ia;Db_2 _Betaproteobacteria ;D_3__Procabacteriales;D 4_ Proc
abacteriaceae; D 5 Procabacter

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Betaproteobacteria ;b_3__Rhodocyclal es ;D_4__ Rhodocy
cl aceae; D 5__ Azoarcus -

D _0__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;b_3__Rhodocyclal es ;D 4__ Rhodocy
claceae; D 5 Azospira

D O_Bacteria ;D1 Proteobacter ia;D 2__Betaproteobacteria ;D_3__Rhodocyclales ;D 4 Rhodocy
claceae ;D 5 Candi datus Accunulibacter

D 0__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;b_3__Rhodocyclal es ;D 4__ Rhodocy
cl aceae ;D 5 Dechl or ononas

D _O__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;b_3__Rhodocyclal es ;D 4__ Rhodocy
claceae ;D 5 Denitrati soma

D _O__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;b_3__Rhodocyclal es ;D 4__ Rhodocy
claceae; D 5__ Methyl over satilis

D _O__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;b_3__Rhodocyclal es ;D 4__ Rhodocy
claceae ;D 5__Propionivibr io

D 0__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;b_3__Rhodocyclal es ;D 4__ Rhodocy
claceae ;D 5__ Thauera

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Betaproteobacteria ;Db_3__Rhodocyclal es ;D_4__ Rhodocy
claceae; D 5 Ul iginosibacter ium -

D _0__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;b_3__Rhodocyclal es ;D 4__ Rhodocy
claceae ;D 5 Zoogl oea

D _0__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;b_3__Rhodocyclal es ;D 4__ Rhodocy
claceae ;D 5 uncul tured

D 0__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;b_3__Rhodocyclal es ;D 4__ Rhodocy
cl aceae; O her

D 0__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;D_3__SC1-84;D 4_ uncul tured
bacterium D5

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Betaproteobacteria ;b_3__SC1-84;D 4_ uncul tured
beta proteobacterium D5 T

D _0__Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;D_3__SC1-84;D 4_ uncul tured
prokaryote;D 5

D O_ Bacteria ;D_|__Proteobacter ia;D_2 _Betaproteobacteria ;b_3__SC1-84;Q her ;Q her

D O0_ Bacteria;D_|__Proteobacter ia;p_2 _Betaproteobacteria ;b_3__TRA3-20;D 4_ uncul tured
bacterium D5

D _0_ Bacteria ;D_|__Proteobacter ia;p_2 _Betaproteobacteria ;Db_3__TRA3-20;D 4_ uncul tured
beta proteobacterium D 5

D 0_ Bacteria ;D_|__Proteobacter ia;D_2 _Betaproteobacteria ;D_3__TRA3-20;Q her ;Q her

D O_ Bacteria ;D | _ Proteobacter ia;D_2 _Betaproteobacteria ;D_3__UCT N117;D 4 _ uncul tured
bacterium D5

D 0_ Bacteria ;D_|__Proteobacter ia;D_2 _Betaproteobacteria ;CQher ;Qher ;Q her

D 0_ Bacteria ;D_|__Proteobacter ia;p_2 _Deltaproteobacteria; D_3_ 43F-14 04R D_4_ uncul tured

bacterium D5
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D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Deltaproteobacteria ;b_3__ Bdellovibr ionales ;D 4__Ba
cter iovoracaceae ;D 5 Bacter i ovorax T

D 0_ Bacteria ;D | __Proteobacter ia;D_2 _Deltaproteobacteria ;D_s__ Bdellovibr ionales ;D 4_ Ba
cteriovoracaceae; D 5__ Peredi bacter

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;D_s__ Bdellovibr ionales ;D 4_ Ba
cteriovoracaceae ;D 5 uncultured

D 0_ Bacteria ;DI __Proteobacter ia;b_2 _Deltaproteobacteria ;b_3__ Bdellovibr ionales ;D 4__Ba
cter i ovoracaceae; O her T

D 0_ Bacteria ;D | __Proteobacter ia;D_2 _Deltaproteobacteria ;D_s__ Bdellovibr ionales ;D 4__Bd
el lovi br i onaceae ;D 5 Bdellovibr io

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;D_s__ Bdellovibr ionales ;D 4__Bd
el lovibr ionaceae ;D5 _OW7 clade

D 0_ Bacteria ;DI __Proteobacter ia;b_2 _Deltaproteobacteria ;b_3 _ Desulf arculales ;D 4_ Desu
| farcul aceae ;D 5 Desul far cuius T

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;D_s__ Desulf arculales ;D 4__ Desu
| farculaceae ;D 5__uncul tured

D 0_ Bacteria ;DI __Proteobacter ia;b_2 _Deltaproteobacteria ;b_3__ Desulf obacterales ;D 4__De
sul f obul baceae; D 5 Desul f obul bus T

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;D_s__ Desulf obacterales ;D 4_ _De
sul f obul baceae; D _5__Desul f ocapsa

D 0_ Bacteria ;DI __Proteobacter ia;D 2__ Deltaproteobacter ia;b_3_ Desulf obacterales ;D 4__N

trospi naceae ;D 5__ Candi datus Entot heonella

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;b_3__ Desulf obacterales ;D 4__N

trospi naceae ;D 5__uncul tured T

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;b_3 _ Desulf urellales ;D 4_ Desu

| furellaceae ;D 5_ uncul tured T

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;D_s__ Desulf uromonadales ;D4 A
KYGB9 7; O her

D 0_ Bacteria ;DI __Proteobacter ia;b_2 _Deltaproteobacteria ;Dp_3__ Desul f urononadales ;D 4__ B
VA18; D 5 _ uncul tured bacterium T

D 0_ Bacteria ;DI __Proteobacter ia;b_2 _Deltaproteobacteria ;b_3__ Desul f urononadales ;D 4__ B
VAL 8; O her T

D O_ Bacter ia;D_| _ Proteobacter ia;D 2_ _Deltaproteobacteria ;b_3__ Desul f urononadales ;D4 __ D
esul f uronbnadaceae ;D 5 Desul f uronpnas

D 0__Bacteria ;D | __Proteobacter ia;p_2 _Deltaproteobacteria ;D_s__ Desulf uromonadales ;D 4__ D
esul f uronbnadaceae ;D 5 Pel obacter

D 0_ Bacteria ;D | __Proteobacter ia;D_2 _Deltaproteobacteria ;D_s__ Desulf urononadales ;D4 G
R-WP33-58 ;D 5_ uncultured bacterium

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;D_s__ Desulf uronmonadales ;D4 G
eobact er aceae ;D 5__ Ceobacter

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;p_3__ Desul f urononadales ;D 4__ M
20-Pitesti; O her T

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;D_s__ Desul f urononadal es ;Q her ;

O her

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;b_3_ GR WP33-
30; D 4_ _uncultured bacter ium D5

D 0_ Bacteria ;DI __Proteobacter ia;D 2__ Deltaproteobacter ia;D_3 _ GR WP33-
30;D 4  uncultured delta proteobacter ium D5

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;b_3_ GR WP33-
30; D 4_ _uncultured soil bacterium bD_5 _

D 0__Bacteria ;D_| _ Proteobacter ia;b_2 _Deltaproteobacteria ;p_3__ GR-WP33-3 0;C her ;O her

D 0_ Bacteria ;DI __Proteobacter ia;D 2__ Deltaproteobacter ia;b_3 __Mxococcales ;D 4_ 0319--
6G20; D 5 uncultured Syntrophobacteraceae bacterium

D 0_ Bacteria ;DI __Proteobacter ia;b_2 _Deltaproteobacteria ;b_3 __ Myxococcales ;D 4_ 0319--
6&R0; D 5_ uncultured bacterium T

D 0_ Bacteria ;DI __Proteobacter ia;D 2__ Deltaproteobacter ia;b_3 _Mxococcales ;D 4_ 0319--
6G20; D 5 __uncultured delta proteobacter ium

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;b_3__Myxococcales ;D 4_ 0319--
6G20; D 5 uncultured organism T

D 0_ Bacteria ;DI __Proteobacter ia;b_2 _Deltaproteobacteria ;b_3 __Myxococcales ;D 4_ 0319--
6G20; Ot her T

D 0_ Bacteria ;D | __Proteobacter ia;b_2 _Deltaproteobacteria ;D_s__M/xococcales ;D 4__ Cystoba
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cter aceae;D 5 _Anaer onyxobacter

D 0_ Bacteria;D|__Proteobacter ia;D_2_ Deltaproteobacteria;b_s__ Myxococcal es ;D_a__ Cystoba
cter aceae; O her

D O_ Bacteria;D | __Proteobacter ia;D_2_ Del taproteobacteria;b_3__ Myxococcal es ;D_a__ El ev-
16S-1158 ;D 5 uncul tured bacterium

D 0_ Bacteria;D|__Proteobacter ia;D_2_ Deltaproteobacteria;b_s__ Myxococcal es ;D_a__FFCH16 7
67, D 5__uncul tured bacterium

D O_ Bacteria;D_|__ Proteobacter ia;D_»_ Del taproteobacteria;b_3__ Myxococcal es ;Db_4__ Haliang
iaceae; D 5 Haliangium

D 0_ Bacteria;D|__Proteobacter ia;D_2__ Del taproteobacteria;b_s_ Myxococcal es ;D_a__ Myxococ
caceae; Ot her

D 0_ Bacteria;D|__Proteobacter ia;D_2_ Del taproteobacteria;b_s__ Myxococcal es ;D_4__ Nannocy
staceae; D 5___Enhygronyxa

D 0_ Bacteria;D|__Proteobacter ia;D_2_ Del taproteobacteria;b_s__ Myxococcal es ;D_4__ Nannocy
staceae; D 5 _Nannocystis

D 0_ Bacteria;D|__Proteobacter ia;D_2_ Del taproteobacteria;b_s__ Myxococcal es ;D_a4__ Nannocy
staceae;D 5 uncul tured

D 0_ Bacteria;D|__Proteobacter ia;D 2__ Del taproteobacter ia;Db_s__ Myxococcal es ;D_4__ Nannocy
staceae; D 5 uncultured delta proteobacter ium

D 0_ Bacteria;D|__Proteobacter ia;D_2_ Del taproteobacteria;b_s__ Myxococcal es ;D_4__ Nannocy
staceae; O her

D 0_ Bacteria;D|__Proteobacter ia;D_2_ Del taproteobacteria;b_s__ Myxococcal es ;D_4__ Phasel i
cystidaceae ;D 5__ Phaselicystis

D O_ Bacteria;D_|__ Proteobacter ia;D_»_ Del taproteobacteria;b_3 _ Mxococcal es ;b_4__ Pol yang
iaceae; D 5__ Byssovorax

D O_ Bacteria;D_|__ Proteobacter ia;D_»_ Del taproteobacteria;b_3 _ Mxococcal es ;b_4__ Pol yang
iaceae; D 5__Chondronyces

D O_ Bacteria;D_|__ Proteobacter ia;D_»_ Del taproteobacteria;b_3 _ Mxococcal es ;b_4__ Pol yang
iaceae; D 5 Sorangi um

D 0_ Bacteria;D_|_ Proteobacter ia;D_»_ Del taproteobacteria;b_3_ Mxococcal es ;b_4__ Pol yang
iaceae;D 5 uncul tured

D O_ Bacteria;D_ | __ Proteobacter ia;D_»_ Del taproteobacteria;b_3 _ Mxococcal es ;b_4__ Pol yang
i aceae; Ot her

D 0_ Bacteria;D|__Proteobacter ia;D_2_ Deltaproteobacteria;b_s__ Myxococcal es ;D_4__ Sandara

ci naceae; D 5 Sandar aci nus

D O_ Bacteria;D 1_ Proteobacter ia;D2__ Deltaproteobacteria;b_3 _Mxococcal es
cinaceae; D 5 uncul tured Myxococcal es bacterium

;D_4__ Sandara

D 0_ Bacteria;D|__Proteobacter ia;D_2_ Deltaproteobacteria;b_s__ Myxococcal es ;D_4__ Sandara
ci naceae; D 5 uncultured bacterium

D 0_ Bacteria;D|__Proteobacter ia;D 2__ Deltaproteobacter ia;b_3__ Myxococcal es ;D_4__ Sandara
cinaceae; D 5 uncultured delta proteobacter ium

D 0_ Bacteria;D|__Proteobacter ia;D 2__ Deltaproteobacter ia;Db_3__ Myxococcal es ;D_4__ Sandar a
ci naceae; D 5 uncultured soil bacterium

D 0_ Bacteria;D|__Proteobacter ia;D_2_ Deltaproteobacteria;b_s__ Myxococcal es ;D_4__ Sandara
ci naceae ; & her

D 0_ Bacteria;D|__Proteobacter ia;b_2_ Deltaproteobacteria;b_s__ Myxococcal es ;D_a__VHS-B3-
70; D 5 uncultured bacterium

D 0_ Bacteria;D|__Proteobacter ia;Db_2_ Deltaproteobacteria;b_s__ Myxococcales ;D_4_mel-
27,D 5__uncul tured bacterium

D 0_ Bacteria;D|__Proteobacter ia;D 2__ Deltaproteobacter ia;b_3__ Myxococcales ;D_4__ mel-
27D 5_ uncultured delta proteobacter ium

D 0_ Bacteria;D|__Proteobacter ia;D_2_ Deltaproteobacteria;b_s__ Myxococcales ;D_4_mel-
27; Ot her

D O0_ Bacteria;D|__Proteobacter ia;D 2__ Del taproteobacter ia;Db_3__ Myxococcal es ;Db_a___uncultu
red; D 5__uncul tured Cystobacteraceae bacterium

D O0_ Bacteria;D|__Proteobacter ia;D 2__ Del taproteobacteria ;b_s__ Myxococcal es ;b_a___uncultu
red; D 5__uncul tured Pol yangi aceae bacterium

D 0_ Bacteria;D|__Proteobacter ia;D_2_ Del taproteobacteria;b_s__ Myxococcal es ;b_a___uncultu

red; D5 uncultured bacterium

D O_ Bacteria;D 1_ Proteobacter ia;D2__ Deltaproteobacteria;b_3 _Mxococcal es
red; D5 uncultured conpost bacterium

;D_4__uncul tu

D 0_ Bacteria;D|__Proteobacter ia;b_2_ Deltaproteobacteria;b_s _ Myxococcal es

;D_4__uncul tu

188




WO 2017/096385

PCT/US2016/064984

red; D 5_ uncultured delta proteobacter ium

D 0__Bacteria ;D | _ Proteobacter ia;D_2 _ Deltaproteobacteria ;D_3__Mxococcales ;D_4__uncultu
red; D 5__uncultured organi sm

D _O_ Bacteria ;D | _ Proteobacter ia;D_2 _ Deltaproteobacteria ;D_3__Mxococcales ;D_4__uncultu
red; O her

D 0__Bacteria ;D | _ Proteobacter ia;D_2 _ Deltaproteobacteria ;D_3___M/xococcal es ;O her ;O her
D _0_ Bacteria ;D_|__Proteobacter ia;D_2 _Deltaproteobacteria ;b_3_Sh765B-TzT-

29;D 4__uncultured bacterium D5

D 0_ Bacteria ;D_|__Proteobacter ia;D_2 _Deltaproteobacteria ;bp_3_Sh765B-TzT-2 9;CQ her ;Q her
D 0_ Bacteria ;D | _ Proteobacter ia;D_2 _ Deltaproteobacteria ;D_3___Syntr ophobacter ales ;D 4__
Syntrophaceae ;D5 Snithella

D O_ Bacteria ;D | _ Proteobacter ia;D_2 _ Deltaproteobacteria ;D_3___Syntr ophobacter ales ;D 4__
Synt rophaceae ;D 5 Syntrophus

D O_ Bacteria ;D | _ Proteobacter ia;D_2 _ Deltaproteobacteria ;D_3___Syntr ophobacter ales ;D 4__
Syntrophaceae ;D 5 uncul tured

D O_ Bacteria ;D | __ Proteobacter ia;D 2__ Deltaproteobacter ia;b_3 _ Syntr ophobacter ales;D 4_
Syntr ophobacter aceae ;D 5__ Syntr ophobact er

D 0_ Bacteria ;D_| __ Proteobacter ia;D_2 _Deltaproteobacteria ;CQher ;Qher ;Q her

D 0_ Bacteria ;D | _ Proteobacter ia;D_2 _ Epsilonproteobacteria ;D_3__Canpyl obacter ales ;D 4__
Canpyl obact er aceae; D_5__Arcobact er

D O_ Bacteria ;D1 Proteobacter ia;D 2__ Epsilonproteobacteria ;b_3__ Canpyl obacter ales;D 4
Canpyl obact er aceae ;D_5__Canpyl obact er

D O_Bacteria ;D1 Proteobacter ia;D 2__ Epsilonproteobacteria ;b_3__ Canpyl obacter ales;D 4
Hel i cobacteraceae ;D 5__ Sul furicurvum

D 0_ Bacteria ;D | _ Proteobacter ia;D_2 _ Epsilonproteobacteria ;D_3__Canpyl obacter ales ;D 4__
Hel i cobact eraceae ;D 5 Sul fur i nbnas

D O_ Bacteria ;D | __ Proteobacter ia;D_2 _Epsilonproteobacteria ;D_3__ Canpyl obacter ales;D 4_
Hel i cobact eraceae ;D 5_ Wlinella B

D_0_ Bacteria ;D_| __ Proteobacter ia;D_2 _Gammaproteobacteria ;b_3__ 34P16;D 4_ uncul tured
bacterium D5

D_0_ Bacteria ;D_| __ Proteobacter ia;D_2 _Gammaproteobacteria ;Db_3_ 34P16;CQ her ;O her

D 0__Bacteria ;D | _ Proteobacter ia;D_2 _ Gammaproteobacteria ;D_3__Aerononadal es ;D_4__ Aeronp
nadaceae; D5 _ Aerononas

D _O__Bacteria ;D | _ Proteobacter ia;D_2 _ Gammaproteobacteria ;D_3__Aerononadal es ;D_4__Aeronp
nadaceae; D 5 __ COceani sphaera

D O_ Bacteria ;D | __ Proteobacter ia;D_2 _Gammaproteobacteria ;b_3__ Aerononadal es ;D_4__ Aerono
nadaceae; D 5 _ Tol unonas B

D _O__Bacteria ;D | _ Proteobacter ia;D_2 _ Gammaproteobacteria ;D_3__Aerononadal es ;D_4__Aeronp
nadaceae ; & her

D _O_ Bacteria ;D | _ Proteobacter ia;D_2 _ Gammaproteobacteria ;D_3__Alteronpnadales ;D4__Alte
rononadaceae ;D 5 BD1-7 clade

D O_ Bacteria ;D | __ Proteobacter ia;D_2 Gammaproteobacteria ;D_3__ Alterononadales ;D 4__Ate
rononadaceae ;D 5_ Haliea B

D 0__Bacteria ;D | _ Proteobacter ia;D_2 __ Gammaproteobacteria ;D_3__Alteronpnadales ;D4__Alte
rononadaceae ; D ) 5___Mari nobact er

D 0_ _Bacteria ;D | _ Proteobacter ia;D_2 __ Gammaproteobacteria ;D_3___Alteronpnadales ;D4__Alte
rononadaceae ; D ) 5__OMBO (NOR5) cl ade

D 0__Bacteria ;D | _ Proteobacter ia;D_2 _ Gammaproteobacteria ;D_3__Alteronpnadales ;D4__Alte
rononadaceae ;D_57$| m dui a

D _O_ Bacteria ;D | _ Proteobacter ia;D_2 _ Gammaproteobacteria ;D_3___Alteronpnadales ;D4__Alte
rononadaceae ;D 5 uncul tured

D 0__Bacteria ;D | _ Proteobacter ia;D_2 _ Gammaproteobacteria ;D_3__Alteronpnadales ;D4__Alte
ronpnadaceae ; O her

D _O_ Bacteria ;D | _ Proteobacter ia;D_2 _ Gammaproteobacteria ;D_3__Alteronpnadales ;D4__ Idio
mar i naceae ;D 5 _Aliidiomar ina

D 0_ Bacteria ;D | _ Proteobacter ia;D_2 _ Gammaproteobacteria ;D_3__Alteronpnadales ;D4__ Idio
mar i naceae ;D 5__ I dionarina

D O_ Bacteria ;D_|__Proteobacter ia;D_2 __Gammaproteobacteria ;D_3__Alterononadal es ;D 4__ Shew
anel | aceae ;D 5__ Shewanel | a

189




WO 2017/096385

PCT/US2016/064984

D O0_ Bacteria; DI _ _Proteobacteria, D_2 Gamaproteobacteria ;b_3_ B38;D_4_ uncul tured
bacterium D5

D 0_ Bacteria; D|_ _Proteobacteria, D_» Ganmmapr ot eobacteria ;b_s_ BD72BR16 9;D 4__uncul tured
bacterium D5_ o

D O_ Bacteria; DI _ _Proteobacteria, D_2 Gamaproteobacteria ;b_s__ Cardi obacteriales ;p_4__Ca
rdi obacteriaceae; p_5__Cardi obacter i um

D 0_ Bacteria; D|_ _Proteobacteria, D_» Gammaprot eobacteria ;b_s__ Chromatiales ;D 4__Chromat
i aceae; D 5__Nitrosococcus -

D O0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;p_3__ Chronatiales ;D 4__Chromat
i aceae ;D 5__Rhei nhei nera

D O0_ Bacteria; DI __Proteobacteria, D_2 Gamaproteobacteria ;p_s__ Chromatiales ;D 4__Ectothi
or hodospi raceae ;D 5 Acidif errobacter

D O0_ Bacteria; DI __Proteobacteria, D_2 Gamaproteobacteria ;p_s__ Chronmatiales ;D 4__Ectothi
or hodospi raceae ;O her

D O0_ Bacteria; DI _ _Proteobacteria, D_2 Gamaproteobacteria ;p_3__ Chronatial es ;O her ;O her
D O0_ Bacteria; DI _ _Proteobacteria, D_2 Gamaproteobacteria ;b_3_ EC3;D_4_ uncul tured
bacterium D5

D O0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter i aceae; D_5__Arsenophonus

D 0_ Bacteria; D|_ _Proteobacteria, D_» Gammapr ot eobacteria ;b_3__ Enter obacteriales ;p_4_En
terobacter i aceae; D_5__ Buchnera T

D 0_ Bacteria; D |_ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter i aceae; D_5__Citrobacter

D 0_ Bacteria; D |_ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter i aceae; D_5__Cronobact er

D 0_ Bacteria; D|_ _Proteobacteria, D_» Gammapr ot eobacteria ;b_3__ Enter obacteriales ;p_4_En
terobacter iaceae; D_5__ Dickeya -

D 0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter i aceae; D_5__Enterobacter

D 0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter i aceae; D_5__ Erwinia

D O0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter i aceae; D_5__ Escherichia--Shigella

D O0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter iaceae; D5 Klebsiella

D 0_ Bacteria; D|_ _Proteobacteria, D_» Gammapr ot eobacteria ;b_3__ Enter obacteriales ;p_4_En
t er obact er i aceae; D_5__Pant oea T

D 0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter i aceae; D_5__Pectobacterium

D O0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter i aceae; D_5__ Pl esi ononas

D 0_ Bacteria; D|_ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter i aceae; D_5__ Prot eus

D 0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter i aceae; D_5_ Raoultella

D 0_ Bacteria; D|_ _Proteobacteria, D_» Gammapr ot eobacteria ;b_3__ Enter obacteriales ;p_4_En
t erobact er i aceae; D_5__Sal nonel | a T

D O0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter iaceae; D_5_ Serratia

D 0_ Bacteria; D |_ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter iaceae; D_5_Tatunell a

D 0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter iaceae; D_5_ Trabulsiella

D 0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
terobacter iaceae; D_5__ Yersinia

D 0_ Bacteria; D|_ _Proteobacteria, D_» Gammapr ot eobacteria ;b_3__ Enter obacteriales ;p_4_En
t er obact er i aceae; D_5__uncul tured T

D O0_ Bacteria; DI _ _Proteobacteria, D_2 Gammaproteobacteria ;Db_3__ Enter obacteriales ;p_4 _En
t er obact er i aceae; O her

D O0_ Bacteria; DI _ _Proteobacteria, D_2 Ganmaprot eobacteria ;b_3__ KI89A

clade;D 4_ uncul tured bacterium D_s5___

D O0_ Bacteria; D_|_ _Proteobacteria, D_2 Gamaprot eobacteria ;b_s__ Kl 89A
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clade; D 4__uncultured soil

bacterium D_5_

D O0_ Bacteria;D_| __ Proteobacter ia;D_2 _Gammaproteobacteria;p_3_KI8 9A clade; O her ; & her

D O_ Bacteria;D | __ Proteobacter ia;D_2 _Gammaproteobacteria;b_3__ Legionellales ;D4__ Coxiel
| aceae;D 5_ Aquicella T

D _0__Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;p_s__ Legionellales ;D4 _ Coxiel
laceae;D 5 Coxiella

D _0__Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;p_s__ Legionellales ;D4 _ Coxiel
laceae; D 5__ Diplorickettsia

D _0__Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;p_s__ Legionellales ;D4 _ Coxiel
laceae; D 5__Rickettsiella

D _O__Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;p_s__ Legionellales ;D_4__ Coxiel
laceae; D 5 Rickettsiella sp. 5—1&6--2

D _0__Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;p_s__ Legionellales ;D4 _ Coxiel
| aceae ;D 5 uncul tured

D 0__Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;p_s__ Legionellales ;D4 _ Coxiel
| aceae; Ot her

D O_ Bacteria;D_|__ Proteobacter ia;D_2 _Gammaproteobacteria;p_3__ Legionellales ;D4 _ Legion
el l aceae; D 5__ Legionella T

D O_ Bacteria;D_|__ Proteobacter ia;D_2 _Gammaproteobacteria;p_3__ Legionellales ;D4 _ Legion
el l aceae; D 5_ uncul tured T

D _O0_ Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;p_s__ Methyl ococcales ;D_4__Cren
otrichaceae;D 5 Crenothrix

D_O0_ Bacteria;D_| __Proteobacter ia;D_2 _Gammaproteobacteria;b_s__ Methylococcales ;D_4_ Meth
yl ococcaceae ;D 5__ Met hyl obact er

D _O_ Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;b_s__ Methyl ococcales ;D_4a_ Meth
yl ococcaceae ;D 5 Met hyl ocal dum

D _O_ Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;b_s__ Methyl ococcales ;p_4_ Meth
yl ococcaceae ;D 5 Met hyl ononas

D O_ Bacteria;D | __ Proteobacter ia;D_2 _Gammaproteobacteria;b_3 _ NKB5;D 4_ uncul tured
bacterium D5 T

D _0_ Bacteria;D | _ Proteobacter ia;D_2 _Ganmaproteobacteria;b_s__ NKB5;D 4__uncul tured
organism D5

D _0__Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;p_s__ NKB5; D 4_ uncultured soil
bacterium D5

D 0_ Bacteria;D| __Proteobacter ia;D_2 _Gammaproteobacteria;p_s__ NKB5;Q her ;O her

D O_ Bacteria;D_|__ Proteobacter ia;D 2__ Ganmaprot eobacter ia;b_3_ _ Cceanospirillales;D 4_ Cr

ystal Bog02 1C3 ;D 5 uncul tured bacterium

D 0_ Bacteria;D|__Proteobacter ia;D_2 _Ganmmaproteobacteria;p_s__ Cceanospirillales;D 4_ Cr
yst al Bog021C3 ; &t her T

D 0_ Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;bp_s__ Cceanospirillales;D 4_ Ha
| ononadaceae ;D 5__ Car ni nbnas

D _0_ Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;b_s__ Cceanospirillales;D 4_ Ha
| onobnadaceae ;D 5__ Hal onbnas

D O_ Bacteria;D | __ Proteobacter ia;Db_2 _Gammaproteobacteria;b_3_ _ Oceanospirillales;D 4_ Ha
| ononadaceae ;D 5__ Zynobact er T

D 0_ Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;Dp_s__ Cceanospirillales;D 4_ Ha
| onbnadaceae ; & her

D _0_ Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;p_s__ Cceanospirillales;D 4_ Oc
eanospiril | aceae;D 5__Mar i nonbnas

D O0_ Bacteria;D 1 Proteobacter ia;D_2 _Gammapr ot eobacteria

eanospirillaceae; D5 Pseudospir

ilium

;b_3__ Oceanospirillales;D 4_ Oc

D O_ Bacteria;D | ___Proteobacter ia;D 2__ Ganmaprot eobacter ia;b_3__ COceanospir

R86 clade; D 5 uncultured narine bacterium

illales;D 4__SA

D 0_ Bacteria;D_| __Proteobacter ia;D_2 _Gammaproteobacteria;b_3._ Qceanospirillales;CQher ;0
t her

D _0__Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;p_s__ Orbales;D 4_ Orbaceae ;D5
__Gllianella

D _0__Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;p_s__ Orbales;D 4_ Orbaceae ;D5
__Orbus

D 0_ Bacteria;D_| _ Proteobacter ia;D_2 _Ganmaproteobacteria;p_s__ Orbales;D 4_ Orbaceae;CQh

er
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D O0_Bacteria ;D1 Proteobacter ia;D_2 _ Ganmaproteobacteria ;b_3__ Order |ncertae

Sedis;D 4 _Fanily Incertae Sedis;D5_ _Mirinicella
D_O0_ Bacteria;D_|__Proteobacter ia;D_2__Gammaproteobacteria ;b_3_PYRLOd3 ;D 4_ uncultured
ganma proteobacter ium D5
D 0_ Bacteria ;D_| _ Proteobacter ia;Db_2__Gammaproteobacteria ;b_3__ Pasteurellales ;D_4_ Paste
urel l aceae ;D 5 Aggregati bacter
D 0_ Bacteria ;D | __ Proteobacter ia;b_2_Ganmaproteobacteria ;D_3__ Pasteurellales ;D_4 Paste
urel l aceae ;D 5 Haenophil us o
D _0__ Bacteria ;D_| _ Proteobacter ia;Db_2__Gammaproteobacteria ;b_3__ Pasteurellales ;D_4_ Paste
urellaceae ;D 5 Mannhei m a
D O_ Bacteria ;D | __ Proteobacter ia;b_2_Ganmaproteobacteria ;D_3__ Pasteurellales ;D_4 Paste
urel | aceae ;D 5_ Necropsobact er o
D 0_ Bacteria ;D_| _ Proteobacter ia;Dp_2__Gammaproteobacteria ;p_3__ Pasteurellales ;D_4_ Paste
urel |l aceae ;& her
D _0_ Bacteria ;D | _ Proteobacter ia;Db_2__Gammaproteobacteria ;b_3__ Pseudononadal es ;D_4_ Mra
xel l aceae ;D 5 Aci netobacter
D O_ Bacteria ;D | __ Proteobacter ia;b_2_ Ganmaproteobacteria ;Db_3__ Pseudonpnadales ;D _4 Mra
xel | aceae ;D 5__ Al kani ndi ges o
D _0_ Bacteria ;D | _ Proteobacter ia;Db_2__Gammaproteobacteria ;b_3__ Pseudononadal es ;D_4_ Mra
xel l aceae ;D 5 _Enhydrobacter
D _0_ Bacteria ;D | _ Proteobacter ia;Db_2__Gammaproteobacteria ;b_3__ Pseudononadal es ;D_4_ Mra
xel l aceae ;D 5 Moraxella
D _0_ Bacteria ;D | _ Proteobacter ia;Db_2__Gammaproteobacteria ;b_3__ Pseudononadal es ;D_4_ Mra
xel | aceae ;D 5__Per | uci di baca
D 0_ Bacteria ;D | _ Proteobacter ia;Db_2__Gammaproteobacteria ;b_3__ Pseudononadal es ;D_4_ Mra
xel l aceae ;D 5 Psychrobacter

D O_ Bacteria ;D | __ Proteobacter ia;b_2_ Ganmaproteobacteria ;D_3__ Pseudonpnadales ;D _4 Mra
xel | aceae ;D 5_ uncul tured o

D 0_ Bacteria ;D_| _ Proteobacter ia;b_2__Gammaproteobacteria ;b_3__ Pseudononadal es ;D_4_ Pseu
dononadaceae ;D 5__ Azot obact er

D _0_ Bacteria ;D_| _ Proteobacter ia;b_2__Gammaproteobacteria ;b_3__ Pseudononadal es ;D_4_ Pseu
dononadaceae ;D 5_ Cellvibrio

D _0_ Bacteria ;D_| _ Proteobacter ia;Db_2__Gammaproteobacteria ;b_3__ Pseudononadal es ;D_4_ Pseu
dononadaceae ;D 5 Pseudonbnas

D 0_ Bacteria ;D_| _ Proteobacter ia;b_2__Gammaproteobacteria ;b_3__ Pseudononadal es ;D_4_ Pseu
donpnadaceae ; &t her

D _0_ Bacteria;D_|__Proteobacter ia;D_2_Gammaproteobacteria ;D_3__ Pseudononadal es ;CQther ;Qh
er

D 0__Bacteria ;D_| _ Proteobacter ia;Db_2__Gammaproteobacteria ;b_s__ Sal i ni sphaer ales ;D_4__Sal
i ni sphaeraceae ;D 5 uncul tured

D _0__ Bacteria ;D_| _ Proteobacter ia;Db_2__Gammaproteobacteria ;b_3__ Thiotrichales ;D a _CHAB-
XI-27;D 5 uncultured bacterium - ~

D 0__ Bacteria ;D | _ Proteobacter ia;D_2 __Ganmaproteobacteria ;bp_3__ Thiotrichales;D_p _EV818S
WBAP8 8; D 5 uncul tured bacterium -

D_O_ Bacteria;D_|__Proteobacter ia;D_2_ Gammaproteobacteria ;b_3__ Thiotrichales;D_p _Piscir
i ckettsiaceae ;D 5 Met hyl ophaga -

D O0_ Bacteria ;D | __ Proteobacter ia;b_2__Gammaproteobacteria ;b_3__ Thiotrichales;D a _Thiotr
i chaceae ;D 5_ Beggi at 0a o -

D_O_ Bacteria;D_|__Proteobacter ia;D_2_ Gammaproteobacteria ;b_3__ Thiotrichales;D_p _Thiotr
i chaceae ; D 5__Met hyl ohal onpnas ~

D 0_ Bacteria ;D __Proteobacter ia;D_2 Ganmmaproteobacteria ;p_3__ Vibrionales ;D 4_ Vibr iona
ceae; D 5 Photobacter i um

D O_ Bacteria ;D | __ Proteobacter ia;D 2__ Ganmaprot eobacter ia;D_3__ Xant hononadales ;D 4 JTB2
55 nmarine benthic group;D5_ uncultured bacterium

D _0_ Bacteria ;D_| _ Proteobacter ia;Db_2__Gammaproteobacteria ;Db_s__ Xanthononadal es ;D_4_ JTB2
55 marine benthic group; O her

D 0_ Bacteria ;D | __ Proteobacter ia;b_2_Ganmaproteobacteria ;D_3__ Xant hononadales ;D_4 Nevs
ki aceae; D_5 __ Al kani bact er o

D _0__ Bacteria ;D_| _ Proteobacter ia;Db_2__Gammaproteobacteria ;b_s__ Xanthononadal es ;D_4_ Nevs
ki aceae; D 5 __ Hydrocar boni phaga

D _0_ Bacteria ;D_| _ Proteobacter ia;Db_2__Gammaproteobacteria ;b_s__ Xanthononadal es ;D_4__ Nevs

ki aceae; D 5 Nevski a
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D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Ganmaproteobacteria ;b_3__ Xant hononadal es ;D_4__Sol i
nmonadaceae ;D 5__ Fonti nonas T

D _0__Bacteria ;D | __Proteobacter ia;b_2 _Gammaproteobacteria ;b_s__ Xanthononadal es ;D__4__Soli
nonadaceae ;D 5__ Sol i nonas

D _0__Bacteria ;D | __Proteobacter ia;b_2 _Gammaproteobacteria ;b_s__ Xanthononadal es ;D__4__Soli
nonadaceae ;D 5__uncul tured

D 0__Bacteria ;D | _ Proteobacter ia;b_2 _Gammaproteobacteria ;D_s__ Xant hononadal es ;D__4__Xant
honmonadaceae ;D 5 Areni nonas

D 0__Bacteria ;D | __Proteobacter ia;b_2 _Gammaproteobacteria ;D_3__ Xant hononadal es ;D__4__Xant
hononadaceae ;D 5 Dokdonel | a

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Ganmaproteobacteria ;b_3__ Xant hononadal es ;D__4__Xant
hononadaceae ;D 5_ Dyella T

D _O__Bacteria ;D | __Proteobacter ia;b_2 _Gamaproteobacteria ;D_s__ Xant hononadal es ;D__4__Xant
hononadaceae ;D 5__ Lutei bacter

D 0__Bacteria ;D | __ Proteobacter ia;b_2 _CGamaproteobacteria ;D_3__ Xant hononadal es ;D__4__Xant
hononadaceae ;D 5__ Lutei nbnas

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Ganmaproteobacteria ;b_3__ Xant hononadal es ;D__4__Xant
honpnadaceae ;D 5 Lysobacter T

D 0__Bacteria ;D | _ Proteobacter ia;b_2 _Gammaproteobacteria ;D_s__ Xant hononadal es ;D__4__Xant
hononadaceae ;D 5 Panacagr i nonas

D 0__Bacteria ;D | __ Proteobacter ia;b_2 _Gamaproteobacteria ;Db_s__ Xant hononadal es ;D__4__Xant
hononadaceae ;D 5 Pseudof ul vi nbnas

D _O__Bacteria ;D | __Proteobacter ia;b_2 _CGamaproteobacteria ;Db_s__ Xant hononadal es ;D__4__Xant
hononadaceae ;D 5 Pseudoxant hononas

D 0__Bacteria ;D | _ Proteobacter ia;b_2 _Gammaproteobacteria ;D_s__ Xant hononadal es ;D__4__Xant
hononadaceae ;D 5__Rhodanobact er

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Ganmaproteobacteria ;b_3__ Xant hononadal es ;D__4__Xant
hononadaceae ;D 5__ Sil ani nonas T

D _O__Bacteria ;D | __Proteobacter ia;b_2 _CGamaproteobacteria ;D_s__ Xant hononadal es ;D__4__Xant
honbnadaceae ;D 5__ Stenotr ophonobnas

D _O__Bacteria ;D | __Proteobacter ia;b_2 _CGamaproteobacteria ;D_s__ Xant hononadal es ;D__4__Xant
honmonadaceae ;D 5__ Tahi bacter

D 0__Bacteria ;D | _ Proteobacter ia;b_2 _Gammaproteobacteria ;D_s__ Xant hononadal es ;D__4__Xant
hononadaceae ;D 5__ Ther nononas

D 0__Bacteria ;D | __Proteobacter ia;b_2 _CGammaproteobacteria ;Db_s__ Xant hononadal es ;D__4__Xant
hononadaceae ;D 5__ Xant honbnas

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Ganmaproteobacteria ;b_3__ Xant hononadal es ;D__4__Xant
hononadaceae ;D 5_ uncul t ured T

D 0__Bacteria ;D | __ Proteobacter ia;b_2 _Gamaproteobacteria ;D_s__ Xant hononadal es ;D__4__Xant
honobnadaceae ;O her

D _O__Bacteria ;D | __Proteobacter ia;b_2 _Gamaproteobacteria ;D_3__ Xant hononadal es ;D__4__Xant
hononadal es Incertae Sedis;D 5 _Steroidobacter

D _O__Bacteria ;D | __Proteobacter ia;b_2 _Gammaproteobacteria ;Db_s__ Xant hononadal es ;D__4__Xant
hononadal es Incertae Sedis;D5___uncultured

D _O__Bacteria ;D | __Proteobacter ia;b_2 _Gammaproteobacteria ;Db_s__ Xant hononadal es ;D__4__Xant
hononadal es I ncertae Sedis; O her

D 0_ Bacteria ;D | _ Proteobacter ia;b_2 _Gammaproteobacteria ;Db_s__ Xant hononadal es ;D__4__uncu
Itured; D 5 _ uncultured bacterium

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Ganmaproteobacteria ;b_3__ Xant hononadal es ;D_4__uncu
Itured; D 5_ uncultured ganmma proteobacter ium

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Ganmaproteobacteria ;b_3__ Xant hononadal es ;D_4__uncu
Itured; D 5_ uncul tured proteobacter ium

D O_ Bacteria ;D | __ Proteobacter ia;b_2 _Ganmmaproteobacteria ;b_3__ Xant hononadal es ;D_4__uncu
Itured; D 5_ uncultured soil bacterium

D 0_ Bacteria ;D | _ Proteobacter ia;b_2 _Gammaproteobacteria ;Db_s__ Xant hononadal es ;D__4__uncu
I tured; O her

D 0_ Bacteria;D|__Proteobacter ia;p_2 _Gammaproteobacteria ;b_s__ Xant hononadal es ; Qther ;Qth
er

D O0_ Bacteria;D|__ Proteobacter ia;b_2 _Gammaproteobacteria ;b_3__aaa34al 0;D 4_ uncul tured
bacterium D5 T

D_0_ Bacteria;D_|__Proteobacter ia;b_2 _Gammaproteobacteria ;CQher ;Qher ;Q her

D O_ Bacteria;D_|__Proteobacter ia;p_2 _SK259;D 3_ uncultured bacterium D4_ ;D5
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D 0_ Bacteria; D I_Pr ot eobacter ia;D 2__ SPOTSOCTOONn83 ;D 3__ uncul tured

bacterium D4_ ;D5

D 0_ I3acteria; D_I __Pr oteobacter ia;D 2__ SPOTSOCTOOn8 3; & her ; &t her ; & her

D O_ I3acteria;D|__Proteobacter ia;D 2 TA18;D 3_ uncultured bacterium D4_ ;D5

D O_ Bacteria; D|__Proteobacter ia;D 2 TA18;D 3_ uncultured delta

proteobacter iumD_4 ;D5

D O_ I3acteria;D|__Proteobacter ia;D 2 TA18;CQher ;O her ;O her

D O_ Bacteria ;D | __ Proteobacter ia;D 2__ Zetaproteobacter ia;D 3__ Mariprofundales ;D 4_ Mrip

rof undaceae ;D 5__ Mar i prof undus

D O_ I3acteria;D_|__Proteobacter ia;Qher ;Qher ;O her ;O her

D O_ I3acteria;D|__RsaHF231;D_2 uncultured bacteriumD_3_ ;D 4 ;D5

DO_ I3acteria;D|__SHA-109;D 2 uncultured bacterium D3 ;D 4 ;D5

D O_ I3acteria;D|__SHA-109;D 2 uncultured soil bacterium D 3 ;D 4 ;D 5

D O_ I3acteria;D|__SHA-109;CQher ;O her ;O her ;O her

D O_ I3acteria;D|__SWMF11;D_2 uncultured bacterium D 3 ;D 4 ;D 5

D ) 0__I3acteria;D_|__Spir ochaetae ;D 2__ Spirochaetes ;D 3__ Spirochaetales ;D 4_ Leptospir aceae

;D5  Turneriella

D O_ I3acteria;D_|__Spir ochaetae ;D 2__ Spirochaetes ;D 3__ Spirochaetal es ;D 4__ Spir ochaetacea

e;D 5 __ Spirochaeta

D O_ I3acteria;D_|__Spir ochaetae ;D 2__ Spirochaetes ;D 3__ Spirochaetal es ;D 4__ Spir ochaetacea

e,D 5 _ Treponena

D 0_ Bacteria; DI__Synergistetes 2__ Synergistia ;D 3_ Synergistales ;D 4__ Synergistaceae ;
D 5__uncul tured

D O_ I3acteria;D|__T™M6;D 2 uncultured bacterium D 3 ;D 4 ;D 5

D O_ I3acteria;D|__TM6;D 2 uncultured candidate division TM6 bacterium D_3 ;D 4 ;D 5

DO_ I3acteria;D|__T™M6;D 2 uncultured organism D_3_ ;D 4 ;D5

D O_ I3acteria;D|__TMs ;Other ;O her ;Q her ;O her

D O0_ Bacteria; DI__Tener icutes;D 2 Mllicutes ;D 3_ Entonopl asmatal es ;D 4__ Entonopl asmat a

les Incertae Sedis;D5__Candidatus Hepatopl asma

D O_ I3acteria;D | __Tenericutes;D 2 Mllicutes ;D 3_ Entonoplasnatales ;D 4__ Spiropl asnat ac

eae;p_5__ Spiroplasnma

D_07I3acter ia;D|__Tener icutes;D 2_ Mllicutes ;D_3_ Hal opl asmatal es ;D 4__ Hal opl asnat aceae

;D _5_ _Hal opl asna

D_Oilsacter ia;D|__Tenericutes;D2_Mllicutes ;D 3_ Mcoplasnatales ;D_4 Mcopl asmat aceae

;D 5_ JCandi datus Lunbr icincol a

D_Oilsacter ia;D |__Tener icutes;D2_ Mllicutes ;D 3_ Mcoplasnatales ;D 4__ Mcopl asmat aceae

;D 5 Mcopl asna

D O_ I3acteria;D_|__Tener icutes ;D 2_Mllicutes ;D 3__NBl-n;D 4_ uncultured bacterium D5

DO _ I3acteria;D | __Tener icutes;D 2 Mllicutes ;D3 RF9;D 4 uncultured bacterium D5

D 0_ Bacteria; DI__Thernmotogae ;D 2_ Thernotogae ;D 3_ Thernotogal es ;D 4__ Thernot ogaceae ;D_

5 GAL15

D O_ Bacteria;D| __Verruconicrobia ;D2 OPB35 soil group;D 3__Unknown Oder;D 4 __ Unknown

Fam |ly; D 5__Pedosphaera

D O_ Bacteria;D|__Verruconicrobia ;D2 _OPB35 soil group;D 3_ uncultured Verruconicrobia

bacterium D4 ;D5

D O_ Bacteria;D| _ Verruconicrobia ;D 2_ OPB35 soil group;D 3_ uncultured Verruconicrobia

subdivision 3 bacterium D4 ;D5

D O_ Bacteria;D|__Verruconicrobia ;D2 OPB35 soil group;D 3__ uncultured

bacterium D4 ;D5

D O_ Bacteria;D|__Verruconicrobia ;D2 OPB35 soil group;D 3_ uncultured soil

bacterium D4 ;D5

D O_ I3acteria;D|__Verruconicrobia ;D2 OPB35 soil group;Qher ;CQher ;Cher

194




WO 2017/096385 PCT/US2016/064984

D O_ Bacteria;D| _ Verrucomcrobia ;D2 _Opitutae;D 3__ Opitutales ;D 4_ Opitutaceae ;D 5 Al
| terococcus

D O_ Bacteria;D| _ Verrucomcrobia ;D2 _Opitutae;D 3__ Opitutales ;D 4__ Opitutaceae ;D5  Op
i tutus

D O0_ Bacteria;D | _ Verrucomcrobia ;D 2_ Opitutae;D_3__ Puniceicoccales ;D 4_ Punicei coccace
ae;D 5 Cerasicoccus

D O_ Bacteria;D | _ Verrucomcrobia ;D2 _Opitutae;D 3_ vadinHA64;D 4_ uncul tured
bacterium D5

D O_ Bacteria;D| __ Verrucomcrobia ;D2 S-BQ-57 soil group;D 3__uncultured
Verrucom crobia bacterium D4_ ;D5

D 0_ Bacteria;D|__ Verrucomcrobia ;D_2 S B@-57 soil group;D 3__ uncul tured
bacterium D4_ ;D5

D O_ Bacteria;D | _ Verrucom crobia ;D 2__ Spartobacter ia;D 3__Chthoniobacterales ;D 4_ 01D2z
36; D 5 uncultured bacterium

D O_ Bacteria;D| _ Verrucomcrobia ;D 2__ Spartobacter ia;D 3__Chthoniobacterales ;D 4_ 01D2z
| 36;D 5 uncultured cyanobacter ium

D O_ Bacteria;D | _ Verrucomcrobia ;D 2__ Spartobacter ia;D 3__Chthoni obacterales ;D 4_ Chtho
ni obact er aceae ;D 5__ Cht honi obact er

D O_ Bacteria;D | _ Verrucom crobia ;D 2__ Spartobacter ia;D 3__ Chthoniobacterales ;D 4_ DAl 01
soil group;D5__uncultured Verruconicrobia bacterium

D O0_ Bacteria;D | _ Verrucom crobia ;D 2__ Spartobacter ia;D 3__ Chthoniobacterales ;D 4_ DAl 01
soil group;D5 wuncultured bacterium

_D_OiBact eria;D|__ Verrucomcrobia ;D 2__ Spartobacter ia;D 3__Chthoniobacterales ;D 4_ DAl 01
soi |l group; O her

D O_ Bacteria;D | _ Verrucomcrobia ;D 2__ Spartobacter ia;D 3__Chthoniobacterales ;D 4_ FukuN
| 18 freshwater group;D5 wuncultured bacterium

D O0_ Bacteria;D| _ Verrucom crobia ;D 2__ Spartobacter ia;D 3__Chthoniobacterales ;D 4_ LD29;
D5 uncultured bacterium

D O0_ Bacteria;D | _ Verrucom crobia ;D 2__ Spartobacter ia;D 3__Chthoniobacterales ;D 4_ LD29;
O her

D O_ Bacteria;D | _ Verrucom crobia ;D 2__ Spartobacter ia;D 3__Chthoniobacterales ;D 4_ X phi
| nemat obacter aceae;D 5 Candi datus Xi phi nemat obact er

D O_ Bacteria;D | _ Verrucomcrobia ;D 2__ Spartobacter ia;D 3__Chthoni obacteral es ;C her ;O he
r

D 0 Bacteria ;DI __Verrucomcrobia ;D 2 Verrucomcrobia Incertae Sedis ;D 3__ Unknown

Order ;D 4 _Unknown Family; D5 Candi datus Methyl aci di philum

D O0_ Bacteria ;DI __Verrucomcrobia ;D 2 Verrucomcrobia Incertae Sedis ;D 3__ Unknown

O der ;D 4 _Unknown Fanily; D 5 Candi datus Omitrophus

D O0O_ Bacteria;DI|__ Verrucomcrobia ;D 2 Verrucom crobiae ;D 3__ Verrucom crobiales ;D 4_ DEV
007; D 5__uncul tured organism

D 0 Bacteria ;DI __ Verrucomcrobia ;D 2 Verrucom crobiae ;D 3 _ Verrucom crobiales ;D 4_ Ver
rucom crobi aceae ;D5 Haloferula

D 0_ Bacteria ;DI __ Verrucomcrobia ;D 2 Verrucom crobiae ;D 3_ Verrucomi crobiales ;D 4_ Ver
rucom crobi aceae ;D 5 Luteolibacter

D O0_ Bacteria;DI| __ Verrucomcrobia ;D 2 Verrucom crobiae ;D 3_ Verrucom crobiales ;D 4_ Ver
rucom crobi aceae ;D 5__ Prost hecobacter

D O0_ Bacteria;DI| __ Verrucomcrobia ;D 2 Verrucom crobiae ;D 3_ Verrucomi crobiales ;D 4_ Ver
rucom cr obi aceae ;D 5__ Rosei ni crobi um

D 0_ Bacteria ;D | _ Verrucom crobia ;D 2_ Verrucom crobiae ;D 3_ Verrucom crobiales ;D 4_ Ver
rucom cr obi aceae ;D 5 Verrucom crobi um

D O0_ Bacteria;DIl __ Verrucomcrobia ;D 2 Verrucom crobiae ;D 3 _ Verrucomi crobiales ;D 4_ Ver
rucom crobi aceae ;D 5 uncultured

D O0_ Bacteria;DIl __ Verrucomcrobia ;D 2 Verrucom crobiae ;D 3_ Verrucomi crobiales ;D 4_ Ver

rucom crobi aceae ;O her

DO _Bacteria;DI|___WCHBI-60;D 2_uncultured Candidatus Saccharibacteria
sp.;D3_ ;D4 ;D5

D_o_ JBacteria;D_; _WCHB1-60;D_2_ uncultured bacterium D_3_ ;D 4 ;D 5

D_o_ JBacteria;D_; _WCHB1-60;D_2_ uncultured soil bacterium D_3_ ;D 4 ;D 5

D_o_ JBacteria;D_; _WCHB1-60;Ct her ;O her ; Ot her ; Ot her

D_o_ JBacteria;D_; _WD272;D 2 uncultured bacterium D_3_ ;D4 ;D 5
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D O_ Bacteria ;D 1__WD272;C her ;O her ;& her ;O her

D 0__Bacteria ;O her ;Oher ;O her ;O her ;G her

D 0_ Eukaryota;D_1 Excavata;D_2 Discoba;D_3_Discicristata;D 4_ Euglenozoa ;D 5_ Kinetop
| astea

D 0_ Eukaryota ;D .1 Excavata ;D 2_ Discoba ;D 3_ Jakobida ;D 4__Andal ucia ;D 5 Uncul tured
Jakobi da

D 0_ Eukaryota ;D .1 Opisthokonta;D_2 Hol ozoa; D_3__Metazoa;D_4_Animalia;D_5_ Craniata

D 0__Eukaryota /D_.1__QOpi sthokonta ;D 2__Nucl etnycea ;D 3__Fungi ;D 4__Dikarya ;D 5__Asconycota

D 0_ Eukaryota;D_.1 _Opisthokonta ;D 2 Nucletnycea ;D 3_ _Fungi ;D 4__Dikarya ;D 5_ Basidi onyc
ota

D 0__Eukaryota /D_.1__Qpi sthokonta ;D 2__Nucl etnycea ;D _3__Fungi ;D 4__Zygonycota ;D 5__Micorom
ycotina

D 0__Eukaryota;D_.1 RT5iin25;D_2_uncultured Einmeriidae;D_3__ ;b 4 ;D 5

D 0__Fukaryota;D .1 SAR D 2_ Alveolata ;D 3__Ciliophora ;D 4__Intramacronucleata ;D 5__Conth
reep

D 0__Eukaryota:D .1 _SAR D 2__ Stranenopiles ;D _3__MAST-12 ;D 4__MAST-12C, O her

Unassi gned; O her ;O her ;& her ;O her ;O her
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Appendix B

Total Yeast

Taxonomy

k__Fungiip Ascomycota,c _ Daothideomycetes;o _ Botryosphaeriales;f _ unidentified* _ unidentified;s _ Botryosphaeriales sp
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k __Fungi;p _Ascomycata;c _ Dathideomycetes:a _ Capnadiales:f __ unidentified;® unidentified;s uncultured Deyriesia

199



WO 2017/096385 PCT/US2016/064984

k_ Fungi;p Ascomycota;c  Dothideomycetes;o  Myriangiales:f  unidentified; _ unidentified;s — Myriangiales sp
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k__Fungi;p  Ascomycota,c _ Dothideomycetes;o _ unidentified.f unidentified: unidentified:s Dothideomveetes  sp
k__Fungi;p  Ascomycota,c _ Dothideomycetes;o _ unidentified.f unidentified: unidentified:s Dothideomveetes  sp 11147
k__Fungi;p  Ascomycota,c _ Dothideomycetes;o _ unidentified.f unidentified: unidentified:s Dothideomvcetes sp CCEEE 5409
k__Fungi;p  Ascomycota,c _ Dothideomycetes;o _ unidentified.f unidentified;” unidentified:s Dothideomveetes  sp DC3081
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k__Fungi;p Ascomycotac  Furotiomycetes;o _ Chaetothyriales;f  unidentified:® _ unidentified:s  Chaetothyriales sp
k__Fungi;p Ascomycotac _ Furotiomycetes;o _ Chaetothyriales:f _ unidentified:® _ unidentified;s  Chaetothyriales sp M Camp4
k__Fungi;p Ascomycotac  Furotiomycetes;o  Chaetothyriales:f _ unidentified® _ unidentified;s  Chaetothyriales sp NY516

k _Fungi;p  Ascomycota;c _ Furotiomycetes;o Eurotiales;f  Trichocomaceae;g _ Aspergillus;s _ Aspergillus c
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k__Fungi;p Ascomycota,c _ Eurotiomycetes;o _ Eurotiales;f  Trichocomaceae,g _ Penicillium;s _ Penicillium sp ASR 284
k__Fungi;p Ascomycota,c  Furotiomycetes;o  Eurotiales;f _ Trichocomaceae,g  Penicillium;s _ Penicillium sp FG48

k__Fungi;p Ascomycota,c  Furotiomycetes;o _ Eurotiales;f _ Trichocomaceae,g _ Penicillium;s _ Penicillium sp M7

k__Fungip Ascomycota,c  Furotiomycetes;o _ Furotiales;f  Trichocomaceae:g _ Penicillium:s _ Penicillium sp NRRI 35637
k__Fungi;p Ascomycota,c  Furotiomycetes;o  Eurotiales;f _ Trichocomaceae,g  Penicillium;s _ Penicillium sp YM3II

k__Fungi;p Ascomycota,c  Furotiomycetes;o  Eurotiales;f _ Trichocomaceae;g _ unidentified; Trichocomaceae sp
- . Eurotiomycetes:a Euratiales:f nidentified:» unidentified:; Euratiales sp
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k__Fungi:p _Ascomycota;c __Furaotiomycetes:a _ Verrucariales;f _ Verrucariaceae;g _ unidentified;s _ Verruca riaceae sp
k__Fungi;p Ascomycota;c  Furotiomycetes;o _ Verrucariales;f _ unidentified;* _ unidentified;s _ Verrucariales sp

k __Fungip Ascomycota:c _ Furofiomycetes:o __unidentified:f unidentified;” unidentified;s Eurotiomycetes sp
k__Fungi:p _Ascomycota;c __Furaotiomycetes:o __unidentified:f __ unidentified;* __unidentified;s _ Furotiomycetes spTC28
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k_Fungi:p Ascomycotac | eotiomycetes:o  Incertae sedis:f unidentified:? unidentified;s 1 eotiomycetes sp

k__Fungi:p Ascomycota:c | eotiomycetes:o  unidentified:f _ unidentified:  unidentified's | eotiomycetes sp

213



WO 2017/096385 PCT/US2016/064984

ified:; uncultured Arthrobatry

k_Fungip Ascomycotaic  Orbiliomycetes;o  Orbiliales:f  unidentified:® unidentified:; Orbiliales sp
k__Fungi;p Ascomycota,c _ Orhiliomycetes:o _ unidentified:f unidentified:? unidentified; Orbiliomycetes sp

k_Fungi:p Ascomycotaic  Pezizomycetes:o  Pezizales:f unidentified:g unidentified; Pezizales sp

k_Fungi:p Ascomycotaic  Pezizomycetes:o  Pezizales:f unidentified:g unidentified; Pezizales sp 1225

k __Fungi;p Ascomycotaic _ Pezizomycetes:a __unidentified:f unidentified:g unidentified:; Pezizomycetes sp

k __Fungi;p Ascomycotaic _ Pezizomycetes:a __unidentified:f unidentified:g unidentified:; Pezizomycetes sp genotype 38

k__Fungi;p Ascomycota,c _ Saccharomycetes;o _ Saccharomycetales;f  Dipodascaceae;g  unidentified: Dipodascaceae sp
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k __Fungi:p _ Ascomycota:c _ Saccharomycetes:o nidentified:f unidentified:g unidentified;s __saccharomycete sp NZSBHR Te Awal

k __Fungi:p _ Ascomycota:c _ Sordariomycetes:o Canioch les:f __Caoniochaetaceae:g unidentified;s __ Coniochaetaceae sp.

k __Fungi;p Ascomycota;c _ Sordariomycetes;o _ Conioch les:f _ unidentified:g unidentified;s __ Coniaoch
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k__Fungi:;p _Ascomycota;c _Sordariomycetes;o Hypocreales'f Bionectriaceae;g unidentified;s _ Bionectriaceae sp
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k _Fungi;p _ Ascomycota;c _ Sordariomycetes:o Hypocreales:f _ Niessliaceae:g _ Monacillium;; Monacillium _indicum

k__Fungi:p _ Ascomycota:c _ Sordariomycetes;o _ Hypacreales:f _ Ophiocordycipitaceae:g _ Haptocillium:s Haptocillium zeosporum
k__Fungip _Ascomycota;c _ Sordariomycetes:o _ Hypaocreales;f _ unidentified:A unidentified; Hvpacreales sp

k__Fungip _Ascomycota;c _ Sordariomycetes:o _ Hypaocreales;f _ unidentified:n unidentified; Hvpacreales sp GPO €O 01 H6

k__Fungip _Ascomycota;c _ Sordariomycetes:o _ Hypaocreales;f _ unidentified:n unidentified:; Hvpacreales sp O 1 111B 26 5k
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k__Fungi;p Ascomycota;c _ Sordariomycetes;o  Sordariales;f  unidentified;® _ unidentified;s _ Sordariales sp

ified;s _ Amphisphaeriaceae sp

k__Fungi:;p Ascomycota.c  Sordariomycetes;o  Xylariales;f Hyponectriaceae:g _ unidentified:s _ Hyponectriaceae sp
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k__Fungi:p _Ascomycota;c _Sordariomycetes:o __ Xylariales:f nidentified;* __unidentified;s _ Xylariales sp
k__Fungi:np _Ascomycota;c _Sordariomycetes:o nidentified:f nidentified:* __ unidentified;s  Sordariomycetes sp

unidentified;s  Ascomycata sp el 2010c¢

unidentified;s _ Ascomycaota sp IBWE77 89A

unidentified;s _ascomycete sp 17 1147

unidentified;s _ascomycete sp 17 962

unidentified;s _ ascomycete sp MA 4907

unidentified;s _ ascomycete sp MA 4950
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k __Fungi;p Basidiomycota;c  Agaricomycetes:o _ Geastrales:f __unidentified:? unidentified;s __ Geastrales sp

k _ Fungi;p _ Basidiomycota;c _ Agaricomycetes;o  Hymenoch les:f _Schizoporaceae;qg Xylodon; Xylodon rimosissimus

k _ Fungi;p _ Basidiomycota;c _ Agaricomycetes;o  Hymenoch les:f _ unidentified;A unidentified;s __Hymenach, I n
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k __Fungi:p _ Basidiomycota;c Agaricomycetes;o rechisporales:f nidentified:? unidentified;s Treehisporales sp
k __Fungi:p _ Basidiomycota;c Agaricomycetes;o nidentified;f unidentified;" unidentified;s Agaricomycetes sp
k __Fungi:p _ Basidiomycota;c Agaricomycetes;o nidentified;f unidentified;A unidentified:s ncultured Agaricomycetes

k _Fungi;p _ Basidiomycota;c _ Agaricostilbomycetes:o nidentified;f unidentified;g unidentified;s Agaricostilbomycetes sp

Qccultifur sp DMKU SF59

k __Fungi:p _ Basidiomycota;c Incertae sedis;o _ Mal, ziales;f _ Mal, ziaceae;g _ Mal zia;s  Mal zia globosa
k __Fungi:p _ Basidiomycota;c Incertae sedis;o _ Mal, ziales;f _ Mal, ziaceae;g _ Mal zia;s  Mal zia restricta
k __Fungi:p _ Basidiomycota;c Incertae sedis;o _ Mal, ziales;f _ Mal, ziaceae;g _ Mal zia;s _ Mal zia sp
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k __Fungi;

Basidiomycota;

Tremellomycetes;

Incertae

Biatorapsi

Biatoropsis

usnearum

k __Fungi;

Basidiomycota;

Tremellomycetes;

P

N

Incertae

sedis:

Cryptococcus;

Crvptococcus

adeliensi

k __Fungi;

Basidiomycota;

Tremellomycetes;

P

N

Incertae

sedis:

Cryptococcus;

Crvptococcus

aerius

Basidiomycota;

Tremellomycetes;

Incertae

sedis:

Cryptococcus;

Crvptococcus

albidus var. ovalis

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptaocaoccus;

Crvptococcus

antarcticus

Basidiomycota;

Tremellomycetes;

P

Tren

N

Incertae

sedis:

Cryptococcus;

Crvptococcus

arrahidensis

Basidiomycota;

Tremellomycetes;

P

Tren

N

Incertae

sedis:

Cryptaocaoccus;

Crvptococcus

bhutanensi

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptococcus;

Crvptococcus

cerealis

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptaocaoccus;

Crvptococcus

chernovii

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptococcus;

Crvptococcus

diffluens

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptaocaoccus;

Crvptococcus

dimennae

Basidiomycota;

Tremellomycetes;

P

Tren

N

Incertae

sedis:

Cryptococcus;

Crvptococcus filicatus

Basidiomycota;

Tremellomycetes;

P

Tren

N

Incertae

sedis:

Cryptaocaoccus;

Crvptococcus friedmannii

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptococcus;

Crvptococcus fuscescen

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptaocaoccus;

Crvptococcus

heimaeyensis

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptococcus;

Crvptococcus

huempii

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptaocaoccus;

Crvptococcus

laurentii

Basidiomycota;

Tremellomycetes;

P

Tren

=N

Incertae

sedis:

Cryptococcus;

Crvptococcus

liquefaciens

Basidiomycota;

Tremellomycetes;

P

Tren

N

Incertae

sedis:

Cryptococcus;

Crvptococcus

magnus

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptocaoccus;

Crvptococcus

oeirensis

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptococcus;

Crvptococcus

paraflavus

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptocaoccus;

Crvptococcus

phenalicus

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptococcus;

Crvptococcus

psychrotoleran:

Basidiomycota;

Tremellomycetes;

P

Tren

N

Incertae

sedis:

Cryptocaoccus;

Crvptococcus

randhawii

Basidiomycota;

Tremellomycetes;

P

Tren

N

Incertae

sedis:

Cryptococcus;

Crvptococcus

saitoi

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptococcus;

Crvptococcus

shivajii

k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;
k __Fungi;

Basidiomycota;

Tremellomycetes;

Tren

Incertae

sedis:

Cryptococcus;

Crvptococcus sp
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k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus sp AY 59

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus sp CRS 7890
k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus sp D162 2

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus sp F6

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus sp EE 011314
k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis:g _ Cryptacaccus;s _ Cryptacaccus sp JCM 11356
k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus sp SA71 02

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus sp SM13102
k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus sp TC2 092
k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus terreus

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus terricola

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus uzbekistanensis
k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus yictoriae

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Cryptococcus;s  Cryptococcus wieringae

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g __Dioszegia; Dioszegia hungarica

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g __Dioszegia; Dioszegia sp

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g __Dioszegia; Dioszegia spTP_Snow Y120

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _ Dioszegia;, Dioszegia sp YM24626

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g __Fellomyces;s __Fellomyces mexicanus

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g _Tremella;s _ Tremella maoriformi

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell Incertae sedis;g __unidentified;s _ Tremellal n

k _ Fungi; Basidiomycota; Tremellomycetes;o _ Tremell unidentified;g unidentified;s _ Tremellales sp
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k Fungi;p ZvsomvcotaicIncertae sedis:o Mortiere lales:f Martiere llaceae;g Mortiere la;s_ Mortiere lla reticulata.
k Fungi;p Zvsomvcota:c Incertae sedis;o Mortiere lales:f Martiere llaceae:g Mortiere la;s_ Mortiere lla rishikesha

k Fungiip Zvsomvcota:c Incertae sedis:o Martiere lales:f Mortiere llaceae:g Martiere la;s_ Martiere la schmuckeri

Kk Fungi:p_ Zvsomvcota:c Incertae sedis:o_ Mortiere lales:f Mortiere llaceae:g_ Moartiere lla;s_ Martiere lla sp

k Fungip Zvsomvcotac Inceriae sedis:o Martiere lales: Martiere llaceae:g Martiere la;s_ Mortiere lia sp 04M 158
k_Fungip Zvsomvcota:c Incertae sedis:o Martiere lales:f Martiere llaceae:g  Moartiere la;s_Mortiere lla sp be hesc 211a
k Fungi:;p Zvsomvcota:c Incertae sedis;o  Mortiere llales:f  Mortiere llaceae:g Mortiere lla:s_ Martiere lla stvlospora.

k Fungiip Zvsomvcota:c Incertae sedis:o Moartiere lales:f Mortiere llaceae:g Martiere la;s_ Martiere lla umbellata

232



WO 2017/096385 PCT/US2016/064984

233



WO 2017/096385 PCT/US2016/064984

k __Fungi;p __unidentified;c unidentified;a unidentified:f unidentified;g unidentified;s _ fungal endophvte sp 743
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APPENDIX C

The following list shows the current list of M cro-Wne-Mkers
species (fernentative species relevant in w nemaking process)
detected in sanples.

Bacteria species

i ndex DO_ki ngdom DI _phylum D2_cl ass D3_order D4 famly
D5 _genus Speci es

1 Bacteria Prot eobacteria Al phaproteobacteria
Rhodospirill al es Acet obact eraceae Acet obact er
Acet obacter aceti

2 Bacteria Prot eobacteria Al phaproteobacteria
Rhodospirill al es Acet obact eraceae Acet obacter
Acet obacter cerevisiae

3 Bacteria Prot eobacteria Al phaproteobacteria
Rhodospirill al es Acet obact eraceae Acet obacter
Acet obacter estuniensis

4 Bacteria Prot eobacteria Al phaproteobacteria
Rhodospirill al es Acet obact eraceae Acet obacter
Acet obacter | ovaniensis

5 Bacteria Prot eobacteria Al phaproteobacteria
Rhodospiril |l al es Acet obact eraceae Acet obacter
Acet obacter nal orum

6 Bacteria Prot eobacteria Al phaproteobacteria
Rhodospiril |l al es Acet obact eraceae Acet obacter
Acet obact er oeni

7 Bacteria Prot eobacteria Al phaproteobacteria
Rhodospirill al es Acet obact eraceae Acet obacter
Acet obacter orleanensis
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10

11

12

13

14

15

16

17

18

Bacteria Prot eobacteria Al phaproteobacteria
Rhodospi ril | al es Acet obact er aceae Acet obact er
Acet obact er pasteurianus

Bacteria Prot eobacteria Al phaproteobacteria
Rhodospi ril | al es Acet obact er aceae Acet obact er
Acet obact er peroxydans

Bacteria Prot eobacteria Al phaproteobacteria
Rhodospi ril | al es Acet obact er aceae Acet obact er
Acet obacter tropicalis

Bacteria Prot eobacteria Ganmmapr ot eobacteri a
Pseudononadal es WMbr axel | aceae Aci net obact er
Aci net obact er

Bacteri a Firm cutes Bacilli Bacil |l al es Bacill aceae

Bacil | us Bacillus subtilis

Bacteria Prot eobacteria Betaproteobacteria

Bur khol deri al es Conmanpnadaceae Comanpnas Comanonas

Bacteria Firmcutes Clostridia Clostridiales
Fi negol di a Fi negol di a

Bacteria Prot eobacteria Al phaproteobacteria
Rhodospi ril | al es Acet obact eraceae d uconacet obact er
G uconacet obacter entanii

Bacteria Prot eobacteria Al phaproteobacteria
Rhodospiril | al es Acet obact er aceae G uconacet obact er
G uconacet obact er eur opaeus

Bacteria Prot eobacteria Al phaproteobacteria
Rhodospi ril | al es Acet obact er aceae d uconacet obact er
G uconacet obacter hansenii

Bacteria Prot eobacteria Al phaproteobacteria
Rhodospiril | al es Acet obact er aceae G uconacet obact er
A uconacet obact er i nternedi us
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19

20

21

22

23

24

25

26

27

28

29

30

Bacteria Prot eobacteria Al phaproteobacteria
Rhodospiril | al es Acet obact eraceae d uconacet obact er
d uconacet obact er j ohannae

Bacteria Prot eobacteria Al phaproteobacteria
Rhodospiril | al es Acet obact eraceae d uconacet obact er
A uconacet obacter |iquefaciens

Bacteria Prot eobacteria Al phaproteobacteria
Rhodospiril | al es Acet obact eraceae G uconacet obact er
G uconacet obact er oboedi ens

Bacteria Prot eobacteria Al phaproteobacteria
Rhodospiril | al es Acet obact eraceae d uconacet obact er
A uconacet obacter xylinus

Bacteria Prot eobacteria Al phaproteobacteria
Rhodospiril | al es Acet obact er aceae d uconobact er
d uconobact er oxydans

Bacteri a Firm cutes Bacilli Lact obaci Hal es

Lact obaci | | aceae Lactobacill us Lact obacillus brevis
Bacteri a Firm cutes Bacilli Lact obaci Hal es

Lact obaci | | aceae Lactobacill us Lact obaci |l | us buchneri
Bacteri a Firm cutes Bacilli Lact obaci Hal es

Lact obaci | | aceae Lactobacill us Lact obacil | us case
Bacteri a Firm cutes Bacilli Lact obaci Hal es

Lact obaci | | aceae Lactobacill us Lact obaci |l | us curvatus
Bacteri a Firm cutes Bacilli Lact obaci Hal es

Lact obaci | | aceae Lactobacill us Lact obaci | | us del bruecki
Bacteri a Firm cutes Bacilli Lact obaci Hal es

Lact obaci | | aceae Lactobacill us Lact obacillus diolivorans
Bacteri a Firm cutes Bacilli Lact obaci Hal es

Lact obaci | | aceae Lactobacill us Lact obacillus fructivorans
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31

32

33

34

35

36

37

38

39

40

41

43

44

45

Bacteri a Firm cutes Bacill
Lact obaci | | aceae Lactobacill us

Bacteri a Firm cutes Bacill
Lact obaci | | aceae Lactobacil |l us

Bacteri a Firm cutes Bacill
Lact obaci | | aceae Lactobacill us

Bacteri a Firm cutes Bacill
Lact obaci | | aceae Lactobacil |l us

Bacteri a Firm cutes Bacill
Lact obaci | | aceae Lactobacil |l us

Bacteri a Firm cutes Bacill
Lact obaci | | aceae Lactobacill us

Bacteri a Firm cutes Bacill
Lact obaci | | aceae Lactobacil |l us

Bacteri a Firm cutes Bacill
Lact obaci | | aceae Lactobacill us

Bacteri a Firm cutes Bacill
Lact obaci | | aceae Lactobacil |l us

Bacteri a Firmcutes Bacill 1
Leuconost ocaceae Leuconost oc

Bacteri a Firm cutes Bacill

PCT/US2016/064984

Lact obaci Hal es
Lact obaci |l us hil gardi

Lact obaci Hal es
Lact obaci |l us jenseni

Lact obaci Hal es
Lact obacillus |iechmanni

Lact obaci Hal es
Lactobacillus mali

Lact obaci Hal es
Lact obaci | | us paracasei

Lact obaci Hal es
Lact obaci |l us nagelii

Lact obaci Hal es
Lact obaci | | us kunkeei

Lact obaci Hal es
Lact obaci |l us plantarum

Lact obaci Hal es
Lact obacill us vini

Lact obaci Hal es
Leuconost oc

Lact obacil | al es

Leuconost ocaceae Oenococcus Cenococcus oeni

Bacteri a Firmcutes Bacill 1
Lact obaci | | aceae Pedi ococcus

Bacteri a Firm cutes Bacill
Lact obaci | | aceae Pedi ococcus

Bacteri a Firm cutes Bacill
Lact obaci | | aceae Pedi ococcus
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46 Bacteria Firmcutes Bacilli Lact obaci | | al es
Lact obaci | | aceae Pedi ococcus Pedi ococcus pent osaceus

47 Bacteria Firmcutes Bacilli Baci |l al es
St aphyl ococcaceae St aphyl ococcus St aphyl ococcus

48 Bacteria Firm cutes Negativicutes Sel enononadal es
Veill onel |l aceae Veillonella Veillonell a

49 Bacteria Firmcutes Bacilli Bacillales Listeriaceae
Listeria Listeria seeligeri

Funghi _speci es

i ndex DO_ki ngdom Speci es

1 Fungi Acrenmoni um sp. (Cephal osporium

2 Fungi Acr ost al agnus | ut eoal bus

3 Fungi Acti nomucor el egans

4 Fungi Alternaria arbusti

5 Fungi Al ternaria |japonica

6 Fungi Alternaria |ongipes

7 Fungi Alternaria radicina

8 Fungi Alternaria alternate

9 Fungi Arcyria cinerea

10 Fungi Aspergillus ssp.

11 Fungi Aspergillus caesiellus

12 Fungi Aspergillus fum gatus

13 Fungi Aspergillus sclerotiorum
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14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung

Fung
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Aspergi |l us tubingensis
Aur eobasi di um pul | ul ans
Bi onectria ochrol euca
Boerem a exi gua
Botryotinia fuckeliana
Botryotinia porri
Botrytis cinerea
Botrytis elliptica
Brettanomyces bruxellensis
Candida tropicalis
Candi da rail enensis
Candi da zeyl anoi des
Candi da gl abrata

Candi da intermedi a
Candi da krusei

Candi da ol eophil a
Candi da parapsilosis
Candi da stellata

Candi da vi ni

Candi da zenplini na
Chaet omi um gl obosum

Chrysonilia sp.
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36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi

Fungi
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Ci borinia canelliae

Cl adosporium cl adospori oi des
Cl adospori um sphaer osperumum
Clitocybe subditopoda
Coniella petrakii

Coni ophora put eana
Cosnospora gi gas

Cosnospora vilior

Crypt ococcus al bi dus
Cryptococcus adeliensis
Cryptococcus laurentii
Cyberlindnera jadinii

Cyli ndrocarpon di dynmum
Cystof i |l obasi di um capitatum
Davi di el l a macrospora

Davi di el l a tassiana

Debar yonyces hanseni i
Dekkera anomal a

Di plodia seriata

El si noe ampelina

Enbellisia allii

Emericellopsis maritina
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58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi

Fungi

Epi coccum ni grum

Er ysi phe necator
Eurotium repens

Exophi ala spinifera
Fusarium equi seti

Fusari um oxysporum
Fusarium redol ens
Fusarium sporotrichioi des
Ceonyces pannorum
Ceot ri chum sp.

G bberell a avenacea

G iocladium sp.
GQuignardia bidwellii
Hanseni aspora guilliernondii
Hanseni aspora uvarum
Hansenul a anonal a

Hum col a fuscoatra
Ilyonectria liriodendri
Il yonectria macrodi dyma
| ssatchenkia terricola
| ssatchenkia orientalis

| soet es nel anopoda
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80 Fungi Kabatiella mcrosticta

81 Fungi Kl uyver omyces narxi anus

82 Fungi Kl uyver omyces thernotol erans
83 Fungi Leucost oma ni veum

84 Fungi Lewia infectoria

85 Fungi Macr ophom na phaseol i na

86 Fungi Mal assezia restricta

87 Fungi Met ar hi zi um ani sopl i ae

88 Fungi Met schni kowi a pul cherrima
89 Fungi Meyerozyma guilliernondii
90 Fungi Monilinia |axa

91 Fungi Mortierella alpina

92 Fungi Mortierella hyalina

93 Fungi Mucor sp.

94 Fungi Mycosphaerel |l a brassicicola
95 Fungi Penicillium acul eatum

96 Fungi Peni cillium brevi conpactum
97 Fungi Penicillium canescens

98 Fungi Penicillium comune

99 Fungi Penicillium gl abrum

100  Fungi Penicillium roqueforti

101 Fungi Penicillium sclerotigenum
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102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung
Fung

Fung

Penicillium spinul osum
Penicillium expansum
Penicillium paneum

Peni cillium coryl ophilum

Peni ophora incarnata
Peyronel | aea gl onerata
Peyronel | aea pinodel | a
Phoma multirostrata

Phoma her bar um

Phoma eupyrena

Phoma trachei phil a
Phomopsi s viticol a

Pi chia fernmentans

Pi chi a guill oer mondi

Pi chia kudriavzevii

Pi chi a nenbrani f aci ens

Pi chia Subpellicul osa

Pl asnmopara viticola

Pl ect osphaerella cucunerina
Pl eurotus eryngii
Pseudopezi cul a trachei phila

Preussia internedi a
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124  Fungi Rhi zopus oryzae

125  Fungi Rhi zopus stol onifer

126  Fungi Rhodotorula glutinis

127  Fungi Rhodot orul a nuci | agi nosa
128  Fungi Rhodospori di um babj evae
129  Fungi Saccharonyces bayanus

130 Fungi Saccharonyces cerevisiae
131  Fungi Saccharonyces exi guous
132  Fungi Saccharonyces kudriavzevii
133  Fungi Saccharonyces ni kat ae

134  Fungi Saccharonyces paradoxus
135  Fungi Saccharonyces uvarum

136  Fungi Sarocl adi um strictum

137  Fungi Sordaria | appae

138  Fungi Spor obol onmyces coprosmae
139  Fungi Spor obol onyces roseus

140  Fungi St achybot rys chl or ohal onat a
141 Fungi Tetracl adi um nmaxilliforme
142 Fungi Tetracl adi um setigerum
143  Fungi Tetracl adi um marchal i anum
144  Fungi Torul aspora del bruecki i
145  Fungi Tri chot heci um roseum
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146  Fungi
147  Fungi
148  Fungi
149  Fungi
150 Fungi
151  Fungi

Tsuchi yaea w ngfiel dii

U ocl adi um consortial e

U ocl adi um oudenansi i
Wal | emi a sebi

W cker hanmonyces anonal us

Zygosaccharomyces baili
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d ai s
1. A nethod of classifying one or nore nicrobes of a
sanpl e, conprising:

obtaining a nucleic acid sequence of: at |east one of
a small subunit (SSU) of a ribosonal ribonucleic acid
(rRNA) and an internal transcribed spacer (ITS); and a
single copy marker gene, of a first mcrobe;

conmparing said nucleic acid sequence of said first
nmcrobe to a reference; and

identifying said first microbe at any one of a strain

level and a sub-strain |evel based on said conparing.

2. The nmethod of claim 1, wherein said SSU rRNA conprises

any one of: a 16S rRNA gene, and an 18S rRNA gene.

3. The nmethod of claim 1, wherein the first microbe is
selected from the group consisting essentially of: a
single-celled organism a bacteria, an archaea, a

protozoan, a unicellular fungus and a protist.

4. The nethod of claim 3, wherein the first mcrobe is

selected from the group consisting essentially of:
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Prot eobacter ia consisting of any one of: Pseudononas,
Ent er obacter , Stenotrophonmonas , Burkhol deria, Rhizobium
Herbaspirillum  Pantoea, Serratia, Rahnella, Azospirillum
Azor hi zobi um  Azot obacter, Duganella, Delftia,
Bradyr hi zobi un,  Si nor hi zobi um and Hal ononas;

Firmcutes consisting of at |east one of: Bacillus,
Paeni bacillus , Lactobacillus, Mcoplasm, and
Acet obacter ium

Act i nobacteria consisting of at |east one of:
Strept onyces , Rhodococcus, M crobacterium and
Curt obacter ium

Asconycota consisting of at l|least one of: Trichodernm,
Anpel onyces, Coniothyr ium Paecoel onyces , Penicillium
C adospor ium Hypocrea, Beauveria, Metarhizium
Vert icullium Cordyceps, Pichea, and Candida;

Basi di onycota consisting of at |least one of: Coprinus,
Corticium and Agaricus; and

Qonycota consisting of at l|least one of: Pythium

Mucor, and Mortierell a.

5. A nethod of profiling a microbiome in a sanple,

conprising :
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obtaining nucleic acids sequences of: at |east one of
a 16S rRNA ribosomal subunit and an internal transcribed
spacer (ITS); and a marker gene, from at |east one
m croorgani sm in the sanple;

analyzing said at |east one mcroorganism wthin said

sanpl e based upon said nucleic acids sequences obtained,

and

determining a profile of said mcrobionme based on said
analy zing.
6. The nmethod of claim 5, wherein the mcrobione

conprises an ecological comunity of at |east one of

commensal, synbiotic, and pathogenic mcroorganisns in said
sanpl e .
7. The nmethod of claim 5, wherein the sanple is enployed

in a fernentation process.

8. The nmethod of claim 5, wherein said nmarker gene
consists essentially of a single copy marker gene, and said
obtaining step conprises using said 16S rRNA ribosomal

subunit in conmbination with said single copy nmarker gene to
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provi de prokaryotic species boundaries at one or nore
hi gher resolutions and permt identification of mcrobial

diversity thereof at a strain |evel.

9. The method of claim s, further conprising

pooling at |east one of a prepared 16S l|ibrary and a
prepared ITS library; and

providing one or nore prinmers for sequencing at |east
one of said 16S library and said ITS library in a single

sequencing inplenmentation thereof.

10. The nethod of claim s, wherein the determning of a
profile of said microbione in said sanple is based on 800

or fewer m crobes.

11. The nethod of claim s, wherein the step of determ ning
said profile of said mcrobione in said sanple has an
accuracy greater than 70% based on one or nore measurenents

t her eof .

12. The nethod of claim s, wherein the analyzing enploys

one or nore long read sequencing platforns.
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13. A process for analyzing a material from a |ocation
associated with a fernentation process, the nethod
conprising :
obtaining at least one of a real-tinme mcrobione
information, a derived mcrobionme information and a
predi ctive mcrobionme information; and
performng an evaluation on at |east one of a said
m crobione information, said evaluation conprising:
a relationship based processing stage conprising
a related genetic material conponent and a
fermentation setting conmponent; and
a bioinf ormat i cs stage;
wherein said evaluation provides information to direct

the fernmentation process.

14. The nethod of claim 13, wherein said real-tine
m crobione information is selected from material selected
from the group consisting of:

a soil sanple taken during a planting period;

a soil sanple taken during a growth period;

a soil sanple taken during a harvesting period; and
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a soil sanple taken during a phase of a fernmentation

period .

15. The nmethod of claim 13, wherein said bioinf ormat ics
stage conprises at |east one of:

submtting the raw DNA sequencing data to a
bi oi nf ormat ics pipeline for performng mncrobione analysis,
comprising at least one of demultiplexing and quality
filtering, operational taxonomic wunit (OTU picking,
taxonomi ¢ assignment, phylogenetic reconstruction,

compiling metadata, diversity analysis, and visualization.

16. A method of controlling a fermentation operation
conpri ses

analyzing a material from a |location associated with a
fermentation operation to provide a first mcrobione
i nformati on;

associating said first mcrobione information wth a
condition of the fernentation operation;

obtaining a second mcrobionme information;

associating said second nicrobione information wth

said first mcrobione information; and
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evaluating said first mcrobione information, said
associ ated condition, and said second nicrobione

i nformation

17. The method of claim 16, wherein said evaluating step
conpri ses

i mpl enenting a bioinf ormat ics pipeline for performng
m crobi one analysis, conprising: demultiplexing and quality
filtering; operational taxonomic wunit (OTU) picking;
taxonomi ¢ assignment; plytogenetic reconstruction;
compiling metadata; diversity analysis; visualization;
wherein the evaluation identifies a characteristic of the
operation; and,

directing the fernmentation operation based at least in
part on said identified characteristic of operation;

wherein the fernmentation operation is based upon a

said evaluation of mcrobione information.

18. A nethod for directing a fernmentation operation,
conpri si ng
analyzing a sanmple from a location associated with a

fernmentati on operation;
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obtaining mcrobiome information; and
perform ng an evaluation on the m crobiomne
information, wherein the evaluation provides data to direct

the fernentation operation.

19. The nmethod of claim 18, wherein the m crobione
information conprises at |east one of: real-tine mcrobione
information, derived mcrobiome information, and predictive

m crobi ome i nformation.

20. The nethod of claim 18, wherein the analyzing, in
relation to the sanple, conprises at |east one of:

sel ection and sequencing of said sanple; extracting genetic
material from said sanple selected from the group
consisting essentially of a 16S rRNA gene and an internal

transcribed spacer (ITS); and preparation of libraries.

21. The nethod of claim 18, wherein the analyzing, in
relation to the sanple, conprises at |east one of:
providing a phylogenetic tree; inplenenting a correction
step; enacting an extraction procedure selected from the

group consisting essentially of beating, sonicating,
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freezing and thawing, and chemical disruption;
anplification of at least a portion of said sanple; and
providing a genetic barcode for at least a portion of said

sampl e .

22. The nmethod of claim 18, wherein the obtained
mcrobionme information, in relation to the sanple, at |east
one of: defines at l|east one of: a phylogenetic tree; an
operational taxonomic wunit (OTU) ; and a bi ogeographi cal
pattern; and includes data obtained from any one of a 16S
rRNA gene and another marker gene, wherein said another

mar ker gene is netal - dependent pr ot ease.

23. The nmethod of claim 18, wherein the evaluation, in
relation to the sanple, conprises formng an n-dinensional
plot, where n is selected from the group of integers

consisting of 3, 4, 5, 6, 8, 9, 10, 11, 12, 13, and 14.

24. The nmethod of claim 18, wherein the evaluation, in
relation to the sanple, conprises nmeasuring changes in one
or nore gene sequences of said sanple, and using said

measured changes as molecular clocks in said evaluation to
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determne related natures of said sanple.

25. The nmethod of claim 18, wherein said sanple is
selected from the group consisting essentially of a soil,
an agricultural material, a material from a dairy

processing, and a material from a fernentation operation.

26. The nmethod of claim 18, wherein at |east a portion of
the information resulting from the evaluation is at |east
one of :

di splayed in a two-dinensional plot;

di splayed in a three-dinensional plot; and

di splayed in a plot conmprising at |east one of: colors
associated with said mcrobionme information; colors
associated with a type of information selected from the
group consisting of mcrobione information and non-genetic
information, wth each type of information including a
different color; colors associated with a type of
information selected from the group consisting of
m crobiome information and non-genetic information, wth
the non-genetic information selected from the group

consi sting of tenperature, geographical |ocation and
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climate .

27. The nmethod of claim 18, wherein at least a portion of
the information resulting from the evaluation is at |east
one of :

transnmitted to a nenory storage device; and

conmmuni cated to a controller.

28. The nmethod of claim 18, wherein at |east a portion of
the information resulting from the evaluation is

conmuni cated to a user via a user interface.

29. A conputer system for determining a nicrobionme profile
in a sanmple, the conputer system conprising:
a menory unit for receiving data conprising
nmeasurements of a microbione panel from a sanple;
conput er-executable instructions for analyzing
m crobes thereof, conprising:
obtaining a nucleic acid sequence of: at
| east one of a snmall subunit (SSU) of a ribosomal
ribonucleic acid (rRNA) and an internal

transcribed spacer (ITS); and a single copy
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mar ker gene, of a mcrobe thereof;

conparing said nucleic acid sequence of said
mcrobe to a reference thereof; and

identifying said first mcrobe at any one of
a strain level and a sub-strain |evel based on
said conparing; and
conput er - executable instructions for determning

potential mcrobial contamnation in the sanple based

upon said anal yzing nethod.

30. The conputer system of claim 29, further conprising
conmput er -executable instructions to generate a report of
any one of a presence and an absence of the contam nation

det erm ned .

31. A conputer readable nedium conprising conputer-
executable instructions for at |east one of:

anal yzing data conprising neasurenment of a m crobione
profile from a fernmentation sanple obtained from at | east
one of a fermentation process and an environment, wherein
the mcrobionme profile conprises at |east one marker

selected from at |east one nicrobe; and
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determ ning any one of a presence and an absence of a
contam nation in the fernmentation sanple based upon said

anal yzing of said data.

32. The conmputer system of claim 31, wherein the conputer-
executable instructions for analyzing data conprise nachine
learning algorithns, conprising at |east one of: elastic
networ k net hods, random forest nethods, support vector

machi ne nmethods, and |ogistic regression nethods.

33. The conmputer system of claim 31, wherein said |earning
algorithms facilitate selection of one or nore of mcrobes
from said sanple and transform ng underlying nmeasurenents
thereof into a score or probability relating to at |east
one of: a grape quality; a wine quality; presence or
absence of a said contamination; a treatnent response
thereof; and a classification of organic soil status, of

said sanple.

34. A kit, conprising:

one or nore conpositions for use in neasuring a

m crobione profile in a fernentation sanple obtained from
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any one of a fernentation process and an environnent
t hereof, wherein said mcrobione profile conprises at |east
one marker of at |east one mcrobe; and
instructions for performng a nethod, the nethod
conprising :
obtai ning nucleic acids sequences of: at |east
one of a 16S rRNA ribosomal subunit and an internal
transcribed spacer (ITS); and a marker gene, from at
| east one mcroorganism in the sanple;
anal yzing said at |east one mcroorganism wthin
said sanple based upon said nucleic acids sequences
obt ai ned; and

determning said profile based on said analyzing.

35. The kit according to claim 34, further conprising a

conputer readable nedium

36. The kit according to claim 34, further conprising
reagents conprising at |east one contiguous oligonucleotide
that hybridizes to a fragnent of the genone of a

m croorgani sm .
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37. The kit according to claim 34, further conprising
reagents conprising at |east one pair of oligonucleotides
that hybridizes to opposite strands of a genonmic segnment of
a said mcroorganism wherein each said oligonucleotide

pair is designed to selectively amplify at least one of a
fragnment of a said 16S, a said ITS, and a said marker gene

t her eof
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