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WHAT I8 CLAIMED IS:

1. A system for non-volatile storage comprising:
a processor and a memory,
a module interface;
a removable storage device for receipt in the module interface, the
removable storage device comprising:
a case adapted to couple with the module interface and fix the
removable storage device at a static position, and
a flow cell positioned within the case, the flow cell comprising
a plurality of wells with open sides accessible from a
first surface of the flow cell, wherein the wells are
adapted to contain polynuclectides storing machine
written data;
a fluidics device to provide one or more reagents o the removable
storage device; and
a sequencing device to analyze polynucleotides within the removable
storage device and determine nucleotides within the
polynucleotides;
wherein the processor is to perform a data read process to:
determine a set of sequencing data indicative of nucleotides of
a polynucleotide in a well of the plurality of wells, and
determine a set of machine written binary data based upon the

set of sequencing data.

2. The system of claim 1, wherein the processor, when performing the
data read process:
tdentifies the well of the plurality of wells from which datais to
be read,
operates the fhadics device and the sequencing device to
perform sequencing-hy-synthesis on the polynucleotide

in the well,
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captures the set of sequencing data from the sequencing device
during sequencing-by-synthesis, and
converts the set of sequencing data into the set of binary data

based upon an encoding scheme.

3. The system of claim 2, wherein the encoding scheme comprises a set
of encoding rules usable by the processor to convert data between a binarv format

having base 2, and a polynucleotide format having a base of greater than 2.

4, The system of claim 3, wherein the base of the polynucleotide format
is base 4.
S. The svstem of claim 1, wherein the flow cell 15 sealed within the case,

the removable storage device further comprising:

a sequencing interface positioned on the case and to transmit
light from the sequencing device to the well when the
rernovable storage device 1s at the static position, and

a fluidic interface positioned on the case and to transmut fluid
from the fluidic device to the well when the removable

storage device is at the static position.

6. The system of claim 5, wherein the sequencing interface coroprises a

glass substrate, and wherein the fluidic interface comprises a passive manifold.

7. The system of claim 1, further comprising a synthesis device to
provide nucleotides and create polynucleotides within the removable storage device,
wherein the processor further, when performing a data write process:

receives a set of input data,

determines a set of mput sequencing data based upon the set of
input data, and

operates the synthesis device to create an input polvnucleotide
in a target well of the plurality of wells based on the set

of input sequencing data.
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g The system of claim 7, wherein the processor further:
stores a set of index data describing the contents of each well of
the plurality of wells,
tdentifies the well of the plurality of wells from which datais to
be read based upon the set of index data,
determines the target well based upon the set of index data, and
updates the set of index data after creating the input

polvnucieotide in the target well.

9. The system of claim 8, the removable storage device further
comprising a device memory, wherein the processor further stores the set of index
data for the removable storage device on the device memory for that removable

storage device.

10. The system of claim 9, wherein the device memory is to recetve the set

of mdex data wirelessly.

11. The system of claim 1, the removable storage device further
comprising an electrical interface positioned on the case and to exchange electrical
signals with the sequencing device when the removable storage device is at the static

position,

12, The system of claim 11, the removable storage device further
comprising an integrated circuil positioned on a second surface of the flow cell,
wherein the electrical interface is to provide power and instructions to operate the

integrated circuit, wherein the second surface is opposite the first surface.

13. The system of claim 12, wherein the integrated circuit is to selectively,
based on signals received from the sequencing device:

emit light into each well of the plurality of wells,
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detect fluorescence of the light emitted from a label
associated with a nucleotide in each well of the
plurality of wells, and

provide a set of fluorescence data to the sequencing
device, wherein the set of fluorescence data is

usable to determine the set of sequencing data.

14. The svstem of claim 1, the system further comprising a conditioning
device, wherein the processor further:
receives a signal indicating that the removable storage device
has been coupled with the module interface,
operates the fliidics device to provide a preparation fluid o the
flow cell, wherein the preparation fluid is adapted to
remove a preservative coating on the flow cell to enable
the flow cell for read and write operations, and
operates the conditioning device to bring the flow cell 1o a

predetermined temperature.

15, The system of claim 1, the sysiem further comprising a conditioning
device, wherein the conditioning device is to effect preservation of polynucleotides in

the plurality of wells.

16, The system of claim 15, wherein the conditioning device is to freeze

dry the flow cell to preserve polvnucleotides in the plurality of wells.

17. The system of claim 15, wherein the conditioning device comprises a
feature of the fluidics device that dispenses a preservative fluid to the flow cell to
thereby apply a preservative coating on the flow cell to preserve and protect

polvnucleotides in the plurality of wells.

18, The system of claim 15, wherein the processor further:
receives a signal indicating that the removable storage device is

to be dismounted from the module mterface, and
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activate the conditioning device in response to the signal
indicating that the removable storage device is {o be

dismounted from the module interface.

19, Thesystem of claim 1, wherein the processor further:
receives a signal indicating that the removable storage device
has been dismounted from the module interface, and
provide a notification to a user that the removable storage
device is dismounted in response to the signal indicating
that the removable storage device has been dismounted

from the module interface.

20. A method for non-volatile storage comprising:

placing a removable storage device in a module nterface of a storage
instrument, the removable storage device comprising a flow
cell, wherein the module mterface is adapted to fix the
removable storage device in a static position;

operating a sequencing device to perforio sequencing-by-synthesis on a
polynucleotide within a well of a plurality of wells of the flow
cell to determine a set of sequencing data that describes
nucleotides of the polynucleotide;

operating a fluidics device to provide one or more fluid types to the
flow cell for sequencing-by-synthesis with the sequencing
device; and

determine a set of binary data based upon the set of sequencing data
and an encoding scheme, wherein the encoding scheme
describes a set of rules to convert information from a binary
format to a non-binary formatl associated with the set of

sequencing data.

21, The method of claim 20, further comprising:

recetving a set of input data;
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determining a set of input sequencing daia based upon the set of input
data and the encoding scheme; and

operating a synthesis device to create an input polynucleotide i a
target well of the plurality of wells based on the set of input

sequencing data.

22. The method of claim 20, further comprising receiving a signal
indicating that the removable storage device has been coupled with the module

interface.

23. The method of claim 22, further comprising operating the fluidics
device to provide a preparation fluid to the flow cell in response to the signal
indicating that the removable storage device has been coupled with the module
interface, wherein the preparation fluid 1s adapted to remove a preservative coating on

the flow cell to enable the flow cell for read and write operations.

24. The method of claim 22, further comprising operating a conditioning
device in response to the signal indicating that the removable storage device has been
coupled with the module interface, wherein the conditioning device brings the flow

cell 1o a predetermined temperature required for read and write operations.

25, The method of claim 20, further comprising receiving a signal
indicating that the removable storage device is to be dismounted from the module

interface.

26. The method of claim 25, further comprising activating a conditioning
device in response to the signal indicating that the removable storage device is to be

dismounted from the module interface.

27. The method of claim 26, wherein the activated conditioning device
dispenses a preservative fluid to the flow cell o thereby apply a preservative coating

on the flow cell o preserve and protect polynucleotides in the plurality of wells.
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28. The method of claim 26, wherein the activated conditioning device

freeze dues the flow cell to preserve polynucleotides in the plurality of wells.

29. The method of claim 20, further comprising:
receiving a signal indicating that the removable storage device has
been dismounted from the module interface; and
providing a notification o a user that the removable storage device 1s
dismounted in response to the signal indicating that the
removable storage device has been dismounted from the

moduale mterface.

30. A removable storage device for non-volatile storage comprising:

a case adapted to couple with a module interface of a storage
mstrument and fix the removable storage device at a static
position;

a flow cell sealed within the case, the flow cell comprising a plurality
of wells with open sides accessible from a first surface of the
flow cell, the wells being adapted to contain polynucleotides
storing machine-written daia;

a sequencing interface positioned proximately to the flow cell and
adapted to transmit light to the well when the removable
storage device 15 at the static position; and

a fluidic interface positioned on the case and adapted to transmit fluid
from a fluidic device of the storage instrument to the well when

the removable storage device 1s at the static position.

31 The removable storage device of claim 30, further comprising an
electrical mierface positioned on the case to exchange electrical signals with the

storage mstrument when the removable storage device 1s at the static position.

32, The removable storage device of claim 31, further comprising an
integrated circuit posttioned on a second surface of the flow cell, the electrical

interface to provide power and mstructions to operate an integrated circuit.
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33, The removable storage device of claim 32, wherein the second surface
is opposite the first surface, and wherein the integrated circuit selectively, based on
signals received from the storage instrument:

emits light inio each well of the plurality of wells via the
sequencing interface,

detect fluorescence of light emitted from a label associated with
a nuclectide in each well of the plurality of wells, and

provide a set of fluorescence data to the storage instrument,
wherein the set of fluorescence data is usable to
determine a set of sequencing data that describes the
nucleotides of a polynucleotide in each well of the

plurality of wells.

34, The removable storage device of claim 30, wherein the removable
storage device comprises:
a power connection o couple the removable storage device with a
power source, and
a set of sensors 1o detect one or more characteristics of the flow cell
and provide an indication when a detected characteristic
exceeds a predetermined threshold, wherein the set of sensors
comprises one or more sensors selected from the group
consisting of. a temperatwre sensor, a humidity sensor, a light

sensor, and a radiation sensor.

35, 'tThe removable storage device of claim 30, further compiising at ieast
one sensor, the at least one sensor to indicate whether one or more environmental
conditions fall outside a predetermined range, the one or more environmental

conditions including one or more of humidity, temperature, Hight, or radiation.

36. The removable storage device of claim 30, the flow cell comprising a

subsirate with a plurality of openings formed through botiom regions of the wells.



WO 2020/243075 PCT/US2020/034515

37.  The removable storage device of claim 36, the flow cell further
comprising an electrically conductive material in the openings formed through the

bottom regions of the wells.

38 The removable storage device of claim 37, the electrically conductive

matertal comprising indiom tin oxide.

39, The removable storage device of claim 37, further comprising
transparent anisotropic malerial in the openings formed through the bottom regions of

the wells.

440. The removable storage device of claim 30, the flow cell including an
underside with one or more pads to contact an integrated circutt chip positioned under

the flow cell.

41. The removable storage device of claim 30, the flow cell comprising

glass.

42. The removable storage device of claim 30, further comprising a thin
filmy medium to transfer polynucleotides to a corresponding sequencing surface in the

flow cell.

43, The removable storage device of claim 42, wherein the polynucleotides
are transferred to the corresponding sequencing surface in the flow cell

electrophoretically.

44, The removable storage device of claim 42, wherein the polynucleotides

are transferred to the corresponding sequencing surface in the flow cell via blotting.

45. A method comprising:
receiving a read request, wherein the read request is associated

with a particular location in a storage device;
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creating a copy of a polynuclectide located at the particular
tocation in the storage device;

transferring the copy of the polynucleotide to a read location;
and

reading the copy of the polynucleotide at the read location.

46. The method of claim 45, wherein:
the storage device comprises a set of one or more write
tocations;
the particular location is comprised by the set of one or more
write locations;
the read location is not comprised by the set of one or more
write locations; and
the storage device is to, whenever it receives a write reguest,
only write data to locations comprised by the set of one or more

write locations.

47, The method of claim 46, wheremn:
the storage device comprises a flow cell;
each write location from the one or more write locations is
disposed on a first surface of the flow cell; and
the read location is disposed on a second surface of the flow

cell.

48. The method of claim 47, wherein the first surface and the second

surface are opposed to each other.
49, The method of claim 47, wherein:

the first surface is a bottom surface of the flow cell; and

the second surface is a top surface of the flow cell.

-100-
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50. The method of claim 46, wherein each write location from the set of
one or more write locations has a corresponding set of electrodes to encode data using

nucleotides in that write location.

S1. The method of ¢laim 50, wherain:
the storage device comprises a dedicated integrated circuit; and
the dedicated integrated circuit is to, for each write location
from the set of one or more write locations, drive the set of
clectrodes corresponding to that location to thereby encode data

using nucleotides in that write location.

52. The method of claim 51, wherein the storage device comprises a
second miegrated circuit, wherein the second integrated circuit is to read data from

nucleotides at the read location.

33 The method of claim 52, wherein the dedicated integrated circuit and
the second mniegrated circuit are both complementary-metal-oxide semiconductor

{CMOS) chips.

54, The method of claim 46, whersin:
each write location from the set of one or more wnie locations
is addressable; and
the storage device does not comprise any addressable locations
to store data in the form of polynucleotides other than the set of

one or more write locations.

A
AN

The method of claim 46, wherain:
the storage device stores a set of one or more logical data
groupings,
the method comprises creating an index specifying, for each
fogical data grouping from the set of one or more logical data

groupings, an associated set of one or more locations; and

-101-
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for each logical data grouping from the set of one or more
togical data groupings, each location from that logical data
grouping’s associated set of one or more locations 15 a write

location comprised by the set of one or more write locations.

56. The method of claim 55, wherein the method comprises:
receiving a request to retrieve a particular logical data grouping
from the set of one or more logical data groupings;
retrieving, from the index, the particular logical data grouping’s
associated set of one or more locations, and
determining the particular location in the storage device based
on the particular logical data grouping’s associated set of one or

more tocations.

57. The method of claim 55, wherein, for each logical data grouping from
the set of one or more logical data groupings, that logical data grouping’s associated

set of one or more locations comprises a starting location and an ending location.

58 The method of claim 55, wherein, for each logical data grouping from
the set of one or more logical data groupings, each location from that logical data
grouping’s associated set of one or more locations is a location in a two-dimensional

grid.

59.  The method of claim 55, wherein the method comprises:
storing the index n a non-nucleotide memory; and

storing the index using nucleotides on a bead.

60. The method of claim 45, wherein transferning the copy of the
polynucleotide to the read location comprises:
fixing the copy of the polynucleotide to a bead at the particular
focation; and
transferring the bead from the particular location to the read

focation.

-102-
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61 The method of claim 45, wherein the particular location is on the

surface of a bead.

62. The method of claim 45, wherein transferring the copy of the
polyvnucleotide to the read location s performed using a technigue selected from the
group consisting oft

electrophoresis;
dielectrophoresis; and

faroinar flutd flow.

63. A system comprising one or more non-iransitory computer readable
media storing instructions to perform a method comprising:

receiving a read request, wherein the read request is associated
with a particular location in a storage device;
creating a copy of a polynuclectide located at the particular
tocation in the storage device;
transferring the copy of the polynucleotide {0 a read location;
and

reading the copy of the polynuclectide at the read location.

64, The systero of claim 63, wherein:
the storage device comprises a set of one or more write
locations;
the particular location s comprised by the set of one or more
write locations;
the read location is not comprised by the set of one or more
write locations; and
the storage device is to, whenever it receives a write reguest,
only write data to locations comprised by the set of one or more

write locations.

65, The system of claim 64, wherein:

-103-
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the storage device comprises a flow cell;

cach write location from the one or more wrile locations is
disposed on a first surface of the tlow cell; and

the read location is disposed on a second surface of the flow

cell.

66, The system of claim 65, wherein the first surface and the second

surface are opposed to each other.

67. The system of claim 65, wherein;
the first surface is a bottom surface of the flow cell; and

the second surface is a top surface of the flow celi.

68, The system of claim 64, wherein each write location from the set of
one or more write locations has a corresponding set of electrodes to encode data using

nucleotides in that write location.

69. The system of claim 68, wherein:
the storage device comprises a dedicated integrated circuit; and
the dedicated integrated circuit is to, for each write location
from the set of one or more write locations, drive the set of
electrodes corresponding to that location to thereby encode data

using nucleotides in that write location.
70. The system of claim 69, wherein the storage device comprises a second
integrated circuif, wherein the second integrated circuit is to read data from

nucleotides at the read location.

71. The system of claim 70, wherein the dedicated integrated circwit and

the second integrated circuit are both CMOS chips.

72, The system of claim 64, wherein:

-104-
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sach write location from the set of one or more write locations
ts addressable; and

the storage device does not comprise any addressable locations
to store data in the form of polynucleotides other than the set of

one or more write locations.

73. The system of claim 64, wherein:

the storage device stores a set of one or more logical data
groupings;

the method comprises creating an index specifying, for each
togical data grouping from the set of one or more logical data
groupings, an associated set of one or more locations; and

for each logical data grouping from the set of one or more
logical data groupings, each location from that logical data
grouping’s associated set of one or more location is a write

focation comprised by the set of one or more write locations.

74. The system of claim 73, wherein the method coroprises:
ecetving a request {0 retrieve a particular logical data grouping
from the set of one or more logical data groupings;
retrieving, from the index, the particular logical data grouping’s
associated set of one or more locations; and
determining the particular location in the storage device based
on the particolar logical data grouping’s associated set of one or

more locations.

~1

s. The system of claim 73, wherein, for each logical data grouping from

the set of one or more logical data groupings, that logical data grouping’s associated

set of one or more locations comprises a starting location and an ending location.

76. The system of claim 73, wherein, for each logical data grouping from

the set of one or more logical data groupings, sach location from that logical data

-105-
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grouping’s associated set of one or more locations is a location in a two-dimensional

grid.

77.  the system of claim 73, wherein the method comprises:
storing the index in a non-nuclectide memory; and

storing the index using nucleotides on a bead.

78. The system of claim 63, wherein transferring the copy of the
pobynucleotide to the read location comprises:
fixing the copy of the polynucleotide to a bead at the particular
location; and

transferring the bead from the particular focation to the read

Jocation.
79, The system of claim 63, wherein the particular location is on the
surface of a bead.
80.  The systern of clavm 63, wherein transferring the copy of the

polvnucleotide to the read location is performed using a technique selected from the
eroup consisting of!

electrophoresis;

dielectrophoresis; and

faminar fluid flow.

81. One or more non-transitory computer readable media storing
instructions for performing a method comprising:

receiving a read request, wherein the read request s associated
with a particular location in a storage device;
creating a copy of a polynucleotide located at the particular
location in the storage device;
transferring the copy of the polynucleotide to a read location;
and

reading the copy of the polynucleotide at the read location.

-106-
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82.  The computer readable media of claim 81, wherein:
the storage device comprises a set of one or more write
locations;
the particular location is comprised by the set of one or more
write locations;
the read location is not comprised by the set of one or more
write locations; and
the storage device is 1o, whenever it receives a wrile request,
only write data to locations comprised by the set of one or more

write locations.

83. The computer readable media of claim 82, wherein:
the storage device comprises a flow cell;
each write location from the one or more write locations is
disposed on a first surface of the flow cell; and
the read location is disposed on a second swrface of the flow

cell.

84, The computer readable media of claim 83, wherein the first surface and

the second surface are opposed to each other.

85.  The computer readable media of claim &3, wherein:
the first surface is a bottom surface of the flow cell; and

the second surface 1s a top surface of the flow cell.

86.  The computer readable media claim 82, wherein each write location
from the set of one or more write locations has a corresponding set of electrodes to
encode data using nucleotides i that write location.

&7. The computer readable media of claim 86, wherein:

the storage device comprises a dedicated infegrated circuit; and

-107-
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the dedicated integrated circuit is to, for each write location
from the set of one or more write locations, drive the set of
electrodes corresponding to that location to thereby encode data

using nucleotides in that write location.

88.  The computer readable media of claim &7, wherein the storage device
comprises a second integrated circuit, wherein the second integrated circuit is to read

data from nucleotides at the read location.

89. The computer readable media of claim 88, wherein the dedicated

integrated circuit and the second integrated circuit are both CMOS chips.

0. The computer readable media of claim 82, wherein:
each write location from the set of one or more wrife locations
is addressable; and
the storage device does not comprise any addressable locations
to store data in the form of polynucleotides other than the set of

one or more wriie locations.

91. The computer readable media of claim 82, wherein:

the storage device stores a sel of ovne or more logical dala
groupings;

the method comprises creating an index specifving, for each
fogical data grouping from the set of one or more logical data
groupings, an associated set of one or more locations; and

for each logical data grouping from the set of one or more
logical data groupings, each location from that logical daia
grouping’s associated set of one or more location is a wriie

location comprised by the set of one or more write locations.

92.  The computer readable media of claim 91, wherein the method

comprises:
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receiving a request to retrieve a particular logical data grouping
from the set of one or more logical data groupings;

retrieving, from the index, the particular logical data grouping’s
associated set of one or more locations; and

determining the particular location in the storage device based
on the particudar logical data grouping’s associated set of one or

more locations.

93, The computer readable media of claim 91, wherein, for each logical
data grouping from the sei of one or more logical data groupings, that logical data
erouping’s associated set of one or more locations comprises a starting location and

an ending location.

94, The computer readable media of claim 91, wherein, for each logical
data grouping from the set of one or more logical data groupings, each location from
that logical data grouping’s associaied set of one or more focations is a location in a

two-dimensional grid.

95, The computer readable media of claim 91, wherein the method
comprises:
storing the index in a non-nucleotide memory; and

storing the index using nucleotides on a bead.

96. The computer readable media of claim &1, wherein transferring the
copy of the polynucleotide to the read location comprises:
fixing the copy of the polvnuclectide to a bead at the particular
location; and
transferring the bead from the particular location to the read

focation.

97.  The computer readable media of claim 81, wherein the particular

focation is on the surface of a bead.
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98. The computer readable media of claim &1, wherein transfernng the
copy of the polynuclectide to the read location is performed using a technigue
selected from the group consisting of:

electrophoresis;
dielectrophoresis; and

laminar fluid Jow.
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