and products ranging from life-saving antibiotics to fertilizers that improve food production and

security.
SUMMARY

[0004] The present disclosure provides microbiology systems, apparatus, kits, and methods for
streamlining the cultivation workflow, supporting high throughput screening, and/or developing
new insights and products in accordance with some embodiments. For example, an apparatus
may comprise a microfabricated device for receiving a sample comprising one or more cells.
The microfabricated device defines a high density array of microwells for cultivating one or
more cells.

[0004a] In one aspect, there is provided a method comprising: obtaining a microfabricated
device defining a high density array of microwells for cultivating at least one cell from a sample,
at least one microwell of the high density array of microwells comprising the at least one cell and
at least one unique tag to identify the at least one microwell of the high density array of
microwells in which at least one species of the at least one cell is cultivated, the at least one
unique tag comprising a nucleic acid molecule, the nucleic acid molecule comprising: a target-
specific nucleotide sequence for annealing to a target nucleic acid fragment present in at least
one species of interest of the at least one cell; and a location-specific nucleotide sequence for
identifying the at least one microwell of the high density array of microwells; incubating the
microfabricated device to grow a plurality of cells from the at least one cell in the at least one
microwell of the high density array of microwells; splitting the plurality of cells in the at least
one microwell of the high density array of microwells into a first portion of the plurality of cells
and a second portion of the plurality of cells in a manner that the second portion of the plurality
cells are transferred to one or more locations having a one-on-one correspondence to that of the
at least one microwell of the high density array of microwells, the at least one unique tag
remaining with at least the first portion of the plurality of cells; analyzing the first portion of the
plurality of cells to: determine the at least one species of interest; and identify the at least one
microwell of the high density array of microwells in which the at least one species of interest
was cultivated based on the at least one unique tag; and based on identifying the at least one
microwell of the high density array of microwells in which the at least one species of interest
was cultivated, determining the location of the at least one species of interest among the one or
more physical locations to which the second portion of the plurality of cells have been
transferred. In another aspect, there is provided a method comprising: obtaining a
microfabricated device defining a high density array of microwells for cultivating at least one
cell from a sample, at least one microwell of the high density array of microwells comprising the
at least one cell; incubating the microfabricated device to grow a plurality of cells from the at
least one cell in the at least one microwell of the high density array of microwells; screening the
plurality of cells to determine a presence or an absence of at least one species of interest of the
plurality of cells; and if the at least one species of interest is present, picking at least one cell of
the at least one species of interest from the at least one microwell of the high density array of
microwells in which the at least one species of interest was cultivated; wherein the at least one
microwell of the high density array of microwells further comprises at least one unique tag to
identify the at least one microwell of the high density array of microwells in which at least one
species of the at least one cell is cultivated, the at least one unique tag comprising a nucleic acid



molecule, the nucleic acid molecule comprising: a target-specific nucleotide sequence for
annealing to a target nucleic acid fragment present in the at least one species of interest; and a
location-specific nucleotide sequence predetermined to identify the at least one microwell of the
high density array of microwells; the method further comprises, if the at least one species of
interest is present, using the location-specific nucleotide sequence to identify the at least one
microwell of the high density array of microwells in which the at least one species of interest
was cultivated. In another aspect, there is provided a method comprising: obtaining a
microfabricated device defining a high density array of microwells for cultivating at least one
cell from a sample, at least one microwell of the high density array of microwells comprising at
least one unique tag to identify the at least one microwell of the high density array of microwells
in which at least one species of the at least one cell is cultivated, the at least one unique tag
comprising a nucleic acid molecule, the nucleic acid molecule comprising: a target-specific
nucleotide sequence for annealing to a target nucleic acid fragment present in at least one species
of interest of the at least one cell; and a location-specific nucleotide sequence predetermined to
identify the at least one microwell of the high density array of microwells; preparing and loading
the sample on the microfabricated device such that no more than one cell of the at least one cell
is disposed in each microwell of a preponderance of the high density array of microwells; and
determining, based on the at least one unique tag: a first number of microwells of the high
density array of microwells comprising at least one cell; a second number of microwells of the
high density array of microwells comprising the at least one species of interest from the sample;
and based on the first number and the second number, a relative abundance of the at least one
species of interest in the sample. In a further aspect, there is provided a kit comprising: a
microfabricated device for receiving a sample comprising at least one cell, the microfabricated
device defining a high density array of microwells for cultivating the at least one cell; and at
least one unique tag for disposing in at least one microwell of the high density array of
microwells so as to identify the at least one microwell of the high density array of microwells in
which at least one species of the at least one cell is cultivated, the at least one unique tag
comprising a nucleic acid molecule, the nucleic acid molecule comprising: a target-specific
nucleotide sequence for annealing to a target nucleic acid fragment of the at least one cell; and a
location-specific nucleotide sequence for identifying the at least one microwell of the high
density array of microwells. In a further aspect, there is provided a kit comprising: a
microfabricated device for receiving a sample comprising at least one cell, the microfabricated
device defining a high density array of microwells for cultivating the at least one cell; and a
membrane to retain the at least one cell in at least one microwell of the high density array of
microwells after the sample is loaded on the microfabricated device. In yet a further aspect, there
is provided a method comprising: obtaining a microfabricated device defining a high density
array of experimental units for cultivating at least one biological entity from a sample, at least
one experimental unit of the high density array of experimental units comprising the at least one
biological entity and at least one unique tag to identify spatial information relating to the at least
one experimental unit of the high density array of experimental units in which at least one type
of the at least one biological entity is cultivated, the at least one unique tag comprising a first
binding molecule, the first binding molecule comprising: a target-specific component for binding
to a biomolecule present in the at least one type of interest of the at least one biological entity;
and a location-specific component for identifying the spatial information relating to the at least
one experimental unit of the high density array of experimental units, wherein the at least one
biological entity is at least one of an organism, a cell, a cell component, a cell product, and a
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virus, and wherein the first binding molecule is at least one of a protein, a nucleic acid, a
carbohydrate, a lipid, and a drug; incubating the microfabricated device to grow a plurality of
biological entities from the at least one biological entity in the at least one experimental unit of
the high density array of experimental units; and analyzing the plurality of biological entities in
the at least one experimental unit of the high density array of experimental units to: determine
the at least one type of interest of the at least one biological entity; and identify the spatial
information relating to the at least one experimental unit of the high density array of
experimental units in which the at least one type of interest of the at least one biological entity
was cultivated based on the at least one unique tag. In a further aspect, there is provided a kit
comprising: a microfabricated device for receiving a sample comprising at least one biological
entity, the microfabricated device defining a high density array of experimental units for
cultivating the at least one biological entity; and at least one unique tag for disposing in at least
one experimental unit of the high density array of experimental units so as to identify spatial
information relating to the at least one experimental unit of the high density array of
experimental units in which at least one type of interest of the at least one biological entity is
cultivated, the at least one unique tag comprising a first binding molecule, the first binding
molecule comprising: a target-specific component for binding to a biomolecule present in the at
Jeast one type of interest of the at least one biological entity; and a location-specific component
for identifying the spatial information relating to the at least one experimental unit of the high
density array of experimental units, wherein the at least one biological entity is at least one of an
organism, a cell, a cell component, a cell product, and a virus, and wherein the first binding
molecule is at least one of a protein, a nucleic acid, a carbohydrate, a lipid, and a drug.

[0005] In some examples, a device with a high density array of microwells for cultivating cells
may be provided. In further examples, a set of unique tags may be provided for disposal into
each microwell or some of the microwells. Alternatively, the device may be provided with the
unique tags already seeded into each microwell or some of the microwells. The device and/or
the unique tags may be provided alone or part of a kit. For example, a kit may include a
microfabricated device for receiving a sample comprising one or more cells, the microfabricated
device defining a high density array of microwells for cultivating the cell(s). A kit also may
include a set of unique tags for disposing in the microwells so as to identify the specific
microwell in which a species of cell is cultivated. One or more unique tags may be disposed in
each microwell of the high density array of microwells. A kit further may include instructions
for seeding microwells with unique tags and/or using the unique tags to trace cultivated cells
back to the specific microwell in which they were cultivated.

[0006] In some examples, a unique tag may include a nucleic acid molecule with a target-
specific nucleotide sequence for annealing to a target nucleic acid fragment of a cell or a
particular species of cell (e.g., an organism) that may be present in a microwell and a location-
specific nucleotide sequence for identifying the microwell itself. More than one unique tag may
be disposed in a particular microwell such that more than one location-specific nucleotide
sequence is present in the particular microwell. That is, the location-specific nucleotide
sequences may be found in more than one microwell (e.g., predetermined to identify a dimension
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CLAIMS

1. A method comprising:
obtaining a microfabricated device defining a high density array of microwells for
cultivating at least one cell from a sample, at least one microwell of the high density array of
microwells comprising the at least one cell and at least one unique tag to identify the at least one
microwell of the high density array of microwells in which at least one species of the at least one
cell is cultivated, the at least one unique tag comprising a nucleic acid molecule, the nucleic acid
molecule comprising:
a target-specific nucleotide sequence for annealing to a target nucleic acid
fragment present in at least one species of interest of the at least one cell; and
a location-specific nucleotide sequence for identifying the at least one microwell
of the high density array of microwells;
incubating the microfabricated device to grow a plurality of cells from the at least one
cell in the at least one microwell of the high density array of microwells;
splitting the plurality of cells in the at least one microwell of the high density array of
microwells into a first portion of the plurality of cells and a second portion of the plurality of
cells in a manner that the second portion of the plurality cells are transferred to one or more
locations having a one-on-one correspondence to that of the at least one microwell of the high
density array of microwells, the at least one unique tag remaining with at least the first portion of
the plurality of cells;
analyzing the first portion of the plurality of cells to:
determine the at least one species of interest; and
identify the at least one microwell of the high density array of microwells in
which the at least one species of interest was cultivated based on the at least one unique
tag; and
based on identifying the at least one microwell of the high density array of
microwells in which the at least one species of interest was cultivated, determining the
location of the at least one species of interest among the one or more physical locations to

which the second portion of the plurality of cells have been transferred.

2. The method of claim 1, further comprising picking at least one cell of the at least one
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species of interest from the second portion of the plurality of cells.

3. The method of claim 1, wherein:

the at least one unique tag comprises a first unique tag and a second unique tag;

the first unique tag comprises a first location-specific nucleotide sequence predetermined
to identify a first dimension of microwells in the high density array of microwells;

the second unique tag comprises a second location-specific nucleotide sequence
predetermined to identify a second dimension of microwells in the high density array of
microwells; and

the first location-specific nucleotide sequence and the second location-specific nucleotide

sequence together identify the at least one microwell of the high density array of microwells.

4, The method of claim 3, wherein:
the first unique tag comprises a first target-specific nucleotide sequence comprising a
forward polymerase chain reaction (PCR) primer; and

the second unique tag comprises a second target-specific nucleotide sequence comprising

a reverse PCR primer.

5. The method of claim 1, wherein obtaining the microfabricated device comprises
disposing the at least one unique tag in the at least one microwell of the high density array of

microwells.

6. The method of claim 1, wherein obtaining the microfabricated device comprises loading

the sample comprising the at least one cell on the microfabricated device.

7. The method of claim 1, wherein obtaining the microfabricated device comprises applying
a membrane to retain the at least one cell in the at least one microwell of the high density array

of microwells.

8. The method of claim 7, wherein the membrane is at least one of permeable only by gas

and impermeable.
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9, The method of claim 7, wherein the membrane allows diffusion of a nutrient medium into

the at least one microwell of the high density array of microwells.

10.  The method of claim 7, wherein splitting the plurality of cells in the at least one
microwell of the high density array of microwells comprises removing the membrane from the at
least one microwell of the high density array of microwells such that the first portion of the
plurality of cells remains in the at least one microwell of the high density array of microwells

and the second portion of the plurality of cells remains connected to a surface of the membrane.

11.  The method of claim 10, wherein determining the location of the at least one species of
interest within the second portion of the plurality of cells comprises identifying an area on the
surface of the membrane corresponding to the at least one microwell of the high density array of

microwells in which the at least one species of interest was cultivated.

12.  The method of claim 7, wherein splitting the plurality of cells in the at least one
microwell of the high density array of microwells comprises removing the membrane from the at
least one microwell of the high density array of microwells such that the first portion of the
plurality of cells remains connected to a surface of the membrane and the second portion of the

plurality of cells remains in the at least one microwell of the high density array of microwells.

13.  The method of claim 1, wherein analyzing the first portion of the plurality of cells to
determine a presence or an absence of the at least one species of interest comprises performing a
polymerase chain reaction (PCR) on the first portion of the plurality of cells to amplify any of
the target nucleic acid fragment present in the first portion of the plurality of cells based on the

target-specific nucleotide sequence of the at least one unique tag.
14.  The method of claim 13, wherein analyzing the first portion of the plurality of cells to

determine a presence or an absence of the at least one species of interest further comprises

sequencing any PCR-amplified target nucleic acid fragments.
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15.  The method of claim 14, wherein the sequencing comprises performing next generation

sequencing (NGS).

16.  The method of claim 1, further comprising supplying at least one nutrient for cultivating

the at least one species of the at least one cell.

17. The method of claim 16, wherein the at least one nutrient for cultivating the at least one
species of the at least one cell comprises at least one of:

an extract from a natural environment of the at least one species of the at least one cell;

a medium derived from the natural environment of the at least one species of the at least
one cell;

a medium formulated to resemble the natural environment of the at least one species of
the at least one cell;

a selective medium to cultivate only the at least one species of the at least one cell; and

a differential medium to distinguish the at least one species of the at least one cell.

18.  The method of claim 17, wherein the natural environment of the at least one species of
the at least one cell is at least one of a biological tissue, a biological product, a microbial

suspension, air, soil, sediment, living organic matter, forage, petroleum, sewage, and water.

19. The method of claim 1, wherein the at least one cell includes at least one of an Archaea

cell, a Bacteria cell, and a Eukaryota cell.

20.  The method of claim 1, wherein the at least one species of interest is selected based on at

least one of a nucleic acid and a gene.

21. A method comprising:

obtaining a microfabricated device defining a high density array of microwells for
cultivating at least one cell from a sample, at least one microwell of the high density array of
microwells comprising the at least one cell;

incubating the microfabricated device to grow a plurality of cells from the at least one
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cell in the at least one microwell of the high density array of microwells;
screening the plurality of cells to determine a presence or an absence of at least one
species of interest of the plurality of cells; and
if the at least one species of interest is present, picking at least one cell of the at least one
species of interest from the at least one microwell of the high density array of microwells in
which the at least one species of interest was cultivated;
wherein the at least one microwell of the high density array of microwells further
comprises at least one unique tag to identify the at least one microwell of the high density array
of microwells in which at least one species of the at least one cell is cultivated, the at least one
unique tag comprising a nucleic acid molecule, the nucleic acid molecule comprising:
a target-specific nucleotide sequence for annealing to a target nucleic acid
fragment present in the at least one species of interest; and
a location-specific nucleotide sequence predetermined to identify the at least one
microwell of the high density array of microwells;
the method further comprises, if the at least one species of interest is present, using the
location-specific nucleotide sequence to identify the at least one microwell of the high density

array of microwells in which the at least one species of interest was cultivated.

22.  The method of claim 21, wherein screening the plurality of cells to the at least one
species of interest comprises performing an assay based on at least one of a metabolite, a
metabolic pathway, an enzyme, a protein, a nucleic acid, a phenotype, a gene, a mutation, an

adaptation, and a capability.

23.  The method of claim 21, wherein the at least one species of interest comprises at least
one cell in which the target nucleic acid fragment is present, wherein the target nucleic acid
fragment includes genetic code relating to at least one of a metabolite, a metabolic pathway, an
enzyme, a protein, a nucleic acid, a phenotype, a gene, a mutation, an adaptation, and a

capability.

24.  The method of claim 21, wherein:

the method further comprises, prior to screening the plurality of cells to determine the
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presence or the absence of the at least one species of interest of the plurality of cells, splitting the
plurality of cells in the at least one microwell of the high density array of microwells into a first
portion of the plurality of cells and a second portion of the plurality of cells;

screening the plurality of cells comprises screening only the first portion of the plurality
of cells to determine the presence or the absence of the at least one species of interest of the
plurality of cells; and

picking the at least one cell of the at least one species of interest comprises picking the at
least one cell of the at least one species of interest from the second portion of the plurality of

cells.

25. A method comprising:
obtaining a microfabricated device defining a high density array of microwells for
cultivating at least one cell from a sample, at least one microwell of the high density array of
microwells comprising at least one unique tag to identify the at least one microwell of the high
density array of microwells in which at least one species of the at least one cell is cultivated, the
at least one unique tag comprising a nucleic acid molecule, the nucleic acid molecule
comprising:
a target-specific nucleotide sequence for annealing to a target nucleic acid
fragment present in at least one species of interest of the at least one cell; and
a location-specific nucleotide sequence predetermined to identify the at least one
microwell of the high density array of microwells;
preparing and loading the sample on the microfabricated device such that no more than
one cell of the at least one cell is disposed in each microwell of a preponderance of the high
density array of microwells; and
determining, based on the at least one unique tag:
a first number of microwells of the high density array of microwells comprising at
least one cell;
a second number of microwells of the high density array of microwells
comprising the at least one species of interest from the sample; and
based on the first number and the second number, a relative abundance of the at

least one species of interest in the sample.
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26.  The method of claim 25, further comprising determining:
a total number of cells from the sample; and
based on the total number of cells in the sample and the relative abundance of the at least

one species of interest in the sample, an absolute abundance of the at least one species of interest

in the sample.

27.  Akit comprising:

a microfabricated device for receiving a sample comprising at least one cell, the
microfabricated device defining a high density array of microwells for cultivating the at least one
cell; and

at least one unique tag for disposing in at least one microwell of the high density array of
microwells so as to identify the at least one microwell of the high density array of microwells in
which at least one species of the at least one cell is cultivated, the at least one unique tag
comprising a nucleic acid molecule, the nucleic acid molecule comprising:

a target-specific nucleotide sequence for annealing to a target nucleic acid
fragment of the at least one cell; and
a location-specific nucleotide sequence for identifying the at least one microwell

of the high density array of microwells.

28.  The kit of claim 27, wherein the at least one unique tag is disposed in the at least one

microwell of the high density array of microwells.

29.  Thekit of claim 27, further comprising a membrane to retain the at least one cell in the at

least one microwell of the high density array of microwells after the sample is loaded on the

microfabricated device.

30. The kit of claim 29, wherein the membrane allows diffusion of at least one nutrient into

the at least one microwell of the high density array of microwells.

31.  Thekit of claim 29, wherein the membrane is at least one of permeable only by gas and
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impermeable.

32.  Thekit of claim 27, further comprising at least one nutrient for cultivating the at least one

species of the at least one cell.

33.  Thekit of claim 22, wherein the at least one nutrient for cultivating the at least one
species of the at least one cell comprises at least one of:

an extract from a natural environment of the at least one species of the at least one cell;

a medium derived from the natural environment of the at least one species of the at least
one cell;

a medium formulated to resemble the natural environment of the at least one species of
the at least one cell;

a selective medium to cultivate only the at least one species of the at least one cell; and

a differential medium to distinguish the at least one species of the at least one cell.

34.  Thekit of claim 33, wherein the natural environment of the at least one species of the at
least one cell is at least one of a biological tissue, a biological product, a microbial suspension,

air, soil, sediment, living organic matter, forage, petroleum, sewage, and water.

35.  Akit comprising:

a microfabricated device for receiving a sample comprising at least one cell, the
microfabricated device defining a high density array of microwells for cultivating the at least one
cell; and

a membrane to retain the at least one cell in at least one microwell of the high density

array of microwells after the sample is loaded on the microfabricated device .

36. The kit of claim 35, wherein the membrane allows diffusion of at least one nutrient into

the at least one microwell of the high density array of microwells.

37.  Thekit of claim 35, further comprising at least one nutrient for cultivating the at least one

species of the at least one cell.
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38.  The kit of claim 37, wherein the at least one nutrient for cultivating the at least one
species of the at least one cell comprises at least one of:

an extract from a natural environment of the at least one species of the at least one cell;

a medium derived from the natural environment of the at least one species of the at least
one cell;

a medium formulated to resemble the natural environment of the at least one species of
the at least one cell;

a selective medium to cultivate only the at least one species of the at least one cell; and

a differential medium to distinguish the at least one species of the at least one cell.

39.  The kit of claim 38, wherein the natural environment of the at least one species of the at
least one cell is at least one of a biological tissue, a biological product, a microbial suspension,

air, soil, sediment, living organic matter, forage, petroleum, sewage, and water.

40.  The kit of claim 35, further comprising at least one unique tag for disposing in the at least
one microwell of the high density array of microwells so as to identify the at least one microwell
of the high density array of microwells in which at least one species of the at least one cell is
cultivated, the at least one unique tag comprising a nucleic acid molecule, the nucleic acid
molecule comprising:

a target-specific nucleotide sequence for annealing to a target nucleic acid fragment of
the at least one cell; and

a location-specific nucleotide sequence for identifying the at least one microwell of the

high density array of microwells.

41. A method comprising:

obtaining a microfabricated device defining a high density array of experimental units for
cultivating at least one biological entity from a sample, at least one experimental unit of the high
density array of experimental units comprising the at least one biological entity and at least one
unique tag to identify spatial information relating to the at least one experimental unit of the high

density array of experimental units in which at least one type of the at least one biological entity
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is cultivated, the at least one unique tag comprising a first binding molecule, the first binding
molecule comprising:
a target-specific component for binding to a biomolecule present in the at least
one type of interest of the at least one biological entity; and
a location-specific component for identifying the spatial information relating to
the at least one experimental unit of the high density array of experimental units,
wherein the at least one biological entity is at least one of an organism, a cell, a
cell component, a cell product, and a virus, and
wherein the first binding molecule is at least one of a protein, a nucleic acid, a
carbohydrate, a lipid, and a drug;
incubating the microfabricated device to grow a plurality of biological entities from the at
least one biological entity in the at least one experimental unit of the high density array of
experimental units; and
analyzing the plurality of biological entities in the at least one experimental unit of the
high density array of experimental units to:
determine the at least one type of interest of the at least one biological entity; and
identify the spatial information relating to the at least one experimental unit of the
high density array of experimental units in which the at least one type of interest of the at

least one biological entity was cultivated based on the at least one unique tag.

42. A kit comprising:

a microfabricated device for receiving a sample comprising at least one biological entity,
the microfabricated device defining a high density array of experimental units for cultivating the
at least one biological entity; and

at least one unique tag for disposing in at least one experimental unit of the high density
array of experimental units so as to identify spatial information relating to the at least one
experimental unit of the high density array of experimental units in which at least one type of
interest of the at least one biological entity is cultivated, the at least one unique tag comprising a
first binding molecule, the first binding molecule comprising:

a target-specific component for binding to a biomolecule present in the at least

one type of interest of the at least one biological entity; and
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a location-specific component for identifying the spatial information relating to
the at least one experimental unit of the high density array of experimental units,

wherein the at least one biological entity is at least one of an organism, a cell, a
cell component, a cell product, and a virus, and

wherein the first binding molecule is at least one of a protein, a nucleic acid, a

carbohydrate, a lipid, and a drug.
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