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DYNAMIC OPTICAL SYSTEM CALIBRATION

BACKGROUND

The subject matter discussed in this section should not be assumed to be pror art
merely as a result of its mention in this section. Similarly, a problem mentioned in
this section or associated with the subject matter provided as background should not
be assumed to have been previously recognized in the prior art. The subject matter in
this section merely represents different approaches, which in and of themselves may

also correspond to implementations of the claimed technology.

Aspects of the present disclosure relate generally to biclogical or chemical analysis
and meore particularly to systems and methods using image sensors for biological or

chemical analysis,

Various protocols in biological or chemical research involve performing a large
number of controlled reactions on local support surfaces or within predefined reaction
chambers. The designated reactions may then be observed or detected, and
subsequent analysis may help identify or reveal properties of chemicals involved in
the reaction. For example, in some multiplex assays, an unknown avalvie having an
identifiable label (e.g., fluorescent label}) may be exposed to thousands of known
probes under controlled conditions. Each known probe may be deposited into a
corresponding well of a flow cell channel. Observing any chemical reactions that
occur between the known probes and the unknown analvie within the wells may help
identify or reveal properties of the analyte. Other examples of such protocols include
imown DNA sequencing processes, such as sequencing-by-synthesis (8BS) or cyclic-

array sequencing.

In some conventional fluoresceni-detection protocols, an optical system is used to
direct an excitation light onto fluorescently-labeled analyies and to also detect the
fluorescent signals that may be emitied from the analytes. Such optical systems may

include an arrangement of lenses, filters, and light sources. It may be desirable to
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provide calibration of such optical systems without substantially affecting overall

ProOcessing fHmes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a schematic diagram of an example of an imaging assembly that may

be implemented in a system for biclogical or chemical analysis.

FIG. 2 depicts a perspective view of an example of a flow cell that may be utilized

with the sysiers of FIG. 1
FIG. 3 depicts an enlarged perspective view of a channel of the flow cell of FIG. 3.

FIG. 4 depicts a top plan view of another example of a flow cell that may be utilized

with the system of FIG 1
FIG. 5 depicts an enlarged top plan view of a channel of the flow cell of FIG. 4.

FIG. 6 depicts a graph depicting an example of image capture positions during a

focus model generation process.

FIG. 7 depicts a motion profile depicting an example of an integrated through focus
path for moving an objective fens of an imaging assembly for focus model generation

and/or updating.

FIG. 8 depicts a graph detecting focus tracking spots reflected by a first surface and a

second surface.

FIG. 9 depicts a pair of graphs showing a substantially linear relationship between the
position of a detected focus tracking spot relative to a 2 position height of an
objective of an imaging assembly.

FIG. 10 depicts a graph showing average spot separation values through a calibration

region of a flow cell.

FIG. 11 depicis a graph showing image guality score values through a calibration
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region of a tlow cell.

FIG. 12 depicts a graph showing image quality score values relative to average spot

separation values,

FIG. 13 depicts a flow chart representing an example of a method of dynamically

calibrating optical system components.

FIG. 14 depicts a flow chart representing an example of a method of dynamically

calibrating optical system components.
FIG. i3 depicts an exemplary set of regions of interest

FIG. 16 depicts a particular approach which may be taken when performing

calibration acts.

DETAILED DESCRIPTION
{. Overview of System for Biological or Chemical Analysis

Described herein are devices, systems, and methods for dynamically opticaily
calibrating an imaging assemably for a biological or chemical analysis system,
Dynamic optical calibration may improve performance of the biclogical or chemical
analysis system by improving image quality at one ot more points of a substrate of
interest during a scanning process. Examples described herein may be used in
various biological or chemical processes and systems for academic analysis,
comunercial analysis, or other analysis. More specifically, examples described herein
may be used in various processes and systems where 1t is desired to detect an event,

property, quality, or characteristic that is indicative of a designated reaction.

Bicassay systems such as those described hereitn may be configured to perform a
plurality of designated reactions that may be detected individually or collectively. The
biosensors and bicassay systems may be configured to perform numerous cycles in
which a plurality of designated reactions occurs in parallel. For example, the bicassay

systems may be used to sequence a dense array of nucleic acid features through
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iterative cycles of enzymatic manipulation and image acquisition. Cartridges and
biosensors that are used in the bicassay systems may include one or more
mitcrofluidic channels that deliver reagents or other reaction components to a reaction
site. The reaction sites may be randomly distributed across a substantially planar
surface; or may be patterned across a substantially planar surface in a predetermined
manner, such as in a hexagonal pattern, a rectilinear patiern, or any other repeating
pattern. ju some versions, the reaction sites are located in reaction chambers that

compartmentalize the designated reactions therein.

Regardless of the form taken by the reaction sites, each of the reaction sites may be
imaged to detect light from the reaction site. In some examples, one or more image
sensors may detect light emitted from reaction sites. The signals indicating photons
emitted from the reaction sites and detected by the individual image sensors may be
referred o as those sensors’ illumination values. These illumination values may be
combined into an image indicating photons as detected from the reaction sites. These
images may be further analyzed to identify compositions, reactions, conditions, etc,,

at each reaciion site.

The following detailed description of certain examples will be better understond
when read in conjunction with the appended drawings. To the extent that the figures
illustrate diagrams of the functional blocks of various examples, the functional blocks
are not necessarily indicative of the division between hardware components. Thus, for
example, one or more of the functional blocks {e.g., processors or memories) may be
implemented in a single piece of hardware {e.g., a general purpose signal processor or
random access memory, hard disk, or the like). Similarly, the programs may be stand-
alone programs, may be incorporated as subroutines in an operating system, may be
functions tn an installed software package, and the like. It should be understood that
the various examples are not Himited to the arrangements and instrumentality shown

in the drawings.

As used herein, an element or step recited in the singular and proceeded with the
word “a” or “an” should be understood as not excluding plural of said elements or

steps, unless such exclusion is explicitly stated Furthermore, references to “one
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example” are not intended 1o be interpreted as excluding the existence of additional
examples that also incorporate the recited features. Moreover, unless explicitly stated

>

to the contrary, examples “comprising” or “having” an element or 2 plusality of
elements having a particular property may include additional elements whether or not

they have that property.

As used herein, a “designated reaction” includes a change in ai least one of a
chemical, electrical, physical, or optical property (or quality) of an analyte-of-interest.
In some examples, the designated reaction is a positive binding event (e.g,
incorporation of one or more fluorescently labeled hiomolecules with the analyte-of-
interest). More generally, the designated reaction may be a chemical transformation,
chemical change, or chemical interaction. In some examples, the designated reaction
includes the incorporation of a fluorescently-labeled molecule to an analyte. The
analyte may be an oligonucleotide and the fluorescently-labeled molecule may be a
nucleotide. The designated reaction may be detected when an excitation light is
directed toward the oligonucleotide having the labeled nucleotide, and the
fluorophore of the labeled nucleotide emits a detectable fluorescent signal. In
alternative examples, the detected fluorescence s a result of chemilununescence or
bicluminescence. A designated reaction may also increase fluorescence (or Forster)
resonance energy transter (FRET), for example, by bringing a donor fluorophore in
proximity to an acceptor fluorophore, decrease FRET by separating donor and
acceptor fluorophores, increase fluorescence by separating a guencher from a

fluorophore or decrease fluorescence by co-locating a quencher and flucrophore.

As used herein, a “reaction component” or “reactant” includes any substance that may
be used to obtain a designated reaction. For example, reaction components include
reagents, enzyres, samples, other biomolecules, and buffer solutions. The reaction
components may be delivered to a reaction site in a solution and/or immobilized at a
reaction site. The reaction components may interact divectly or indirectly with another

substance, such as the analyte-of-interest.

As used herein, the term “reaction site” is a localized region where a designated

reaction may occur. A reaction site may include support surfaces of a substrate where
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a substance may be immobilized or aligned thereon. For example, a reaction site may
include a substantially planar surface in a channel of a flow cell that has a colony of
nucleic acids thereon. The nucleic acids in the colony may have substantially the
same sequence, being for example, clonal copies of a single stranded or double
stranded template. In some instances, the nucleic acids in the colony may be
polyclonal by having two or more populations of clonal copies of different templates.
In some implementations, the polyclonal colonies may still be detectible if one of the
clonal copies is distinguishable over the cther clonal copies. However, in some
examples a reaction site may contain only a single nucleic acid molecule, for
example, in a single stranded or double stranded form. Furthermore, a plurality of
reaction sites may be randomly distributed along the support surface or arranged in a
predetermined manner (e g, side-by-side in a matrix, such as in microarrays} A
reaction site may also include a reaction chamber that at least partially defines a
spatial region or volume configured to compartmentalize the designated reaction. As
used herein, the term “reaction chamber” includes a spatial region that is in fluid
communication with a flow channel. The reaction chamber may be at least partially
separated from the surrounding environment or other spatial regions. For example, a
plurality of reaction chambers may be separated from each other by shared walls, by a
height difference of bottom surfaces, by vertical locations along a sidewall, or other
distinguishable separation features. As a more specific example, the reaction chamber
roay nclude a cavity defined by inferior surfaces of a well and have an opening or
aperture so that the cavity may be in fluid communication with a flow channel
Reaction sites do not necessarily need to be provided in reaction chambers and may

instead be provided on or inr any other suitable kind of structure.

As used herein, the term “adjacent” when used with respect to two reaction sites
means no other reaction site is located between the two reaction sites. The term
“adjacent” may have a simatlar meaning when used with respect to adjacent detection
paths and adjacent image sensors {e.g., adjacent image sensors have no other image
sensor therebetween). In some cases, a reaction site may not be adjacent to another

reaction site; but may still be within an immediate vicinity of the other reaction site.
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A first reaction site may be in the immediate vicinity of a second reaction site when
fluorescent emission signals from the first reaction site are detected by the image
sensor associated with the second reaction site. More specifically, a first reaction site
may be in the immediate vicinity of a second reaction site when the image sensor
associated with the second reaction site detects, for exaruple, crosstalk from the first
reaction site. Adjacent reaction sites may be contiguous such that they abut each other
or the adjacent sites may be non-contiguous having an intervening space between,

such as interstitial spaces.

As used herein, a “substance” includes items or solids, such as capture beads, as well
as biological or chemical substances. As used herein, a “biological or chemical
substance” includes biomolecules, samples-of-interest, analytes-of-interest, and other
chemical compound(s). A biological or chemical substance may be used to detect,
identify, or analyze other chemical compound(s), or function as intermediaries to
study or analyze other chemical compound(s). In particular examples, the biological
or chemical substances include a biomolecule. As used herein, a “biomolecule”
includes at least one of a biopolymer, nucleoside, nucleic acid, polynucleotide,
oligonucleotide, protein, enzyme, polypeptide, antibody, antigen, ligand, receptor,
polysaccharide, carbohydrate, polyphosphate, cell, tissue, organism, or fragment
thereof’ or any other biologically active chemical compound(s) such as analogs or

mimetics of the aforementioned species.

Biomolecules, samples, and biological or chemical substances may be naturally
occurring or synthetic and may be suspended in a solution or mixture within a spatial
region. Biomolecules, samples, and biological or chemical substances may also be
bound to a solid phase or gel material. Biomolecules, samples, and biological or
chemical substances may also include a pharmaceatical composition. In some cases,
biomolecules, samples, and biclogical or chemical substances of interest may be

referred to as targets, probes, or analyies.

As used herein, when the terms “removably” and “coupled” (or “engaged”) are used
together to describe a relationship between components, the term is intended to mean

that a connection between the components is readily separable without destroying or
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damaging the components. Components are readily separable when the components
may be separated from each other without undue effort, or without a significant
amount of time spent, in separating the components. For example, components may
be removably coupled or engaged in an electrical manner such that the mating
contacts of the components are not destroyed or damaged. Components may also be
removably coupled or engaged in a mechanical manner such that the features that
hold a component are not destroyed or damaged. Components may also be removably
coupled or engaged in a fluidic manner such that ports of a component are not
destroved or damaged. The component 13 not considered to be destroyed or damaged
if, for example, only a simple adjustment to the component {e.g., realignment) or a

simple replacement (e.g., replacing 4 nozzle) is required.

As used herein, the term “fluid communication” or “Huidically coupled” refers 1o twe
spatial regions being connected together such that a liquid or gas may flow between
the two spatial regions. For example, a microfluidic channel may be in fluid
communication with a reaction chamber such that a fluid may flow freely into the
reaction chamber from the microfluidic channel. The terms “in fluid communication”
or “fluidically coupled” allow for two spatial regions betog in fluid communication
through one or more valves, restrictors, or other fluidic components to control or

regulate a flow of fluid through a systern.

In some examples, nucleic acids can be attached to a surface and amplified. Examples
of such amplification are described in US. Pat. No. 7,741,463, entitled “Method of
Preparing Libraries of Template Polynucleotides,” issued June 22, 2010, the
disclosure of which is incorporated by reference herein, in iis entirety, and/or U.S.
Pat. No. 7,270,981, entitled “Recombinase Polymerase Amplification,” issued
September 18, 2007, the disclosure of which is incorporated by refereunce herewn, o its
entirety. In some cases, repeated rounds of extension (e.g., amplification) using an

immobilized primer and priroer in solution may provide multiple copies of the nucleic

acid.

in particular examples, the assay protocols executed by the systems and methods

described herein include the use of natural nucleotides and also enzymes that are
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configured to interact with the natural nucleotides Natural nucleotides include, for
example, nbonucleotides or deoxyribonucleotides. Natural nucleotides can be in the
mono-, di-, or tri-phosphate form and can have a base selecied from adenine (A},
Thymine (T}, uracil (U), guanine (G) or cytosine (C). It will be understood however
that non-natural nucleotides, wodified nucleotides, or analogs of the aforementioned

nucleotides can be used.

FIG. 1 depicts an example of components of a system (100) that may be used to
provide biological or chemical analysis.  [o some examples, system {(100)is a
workstation that may be similar to a bench-top device. For example, a majority {or
all) of the systems and componenis for conducting the designated reactions may be
within a comnon housing. In particular examples, system (100} is a nucleic acid
sequencing system {or sequencer) configured for various applications, including but
not Himited to de novo sequencing, resequencing of whole genomes or target genomic
regions, and metagenomics. The sequencer may also be used for DNA or RNA
analysis. In some versions, system (100} may also be configured to generate reaction
sites in & flow cell (110). For example, system (100) may be configured 1o receive a
sample and geverate surface attached clusters of clonally or substantially cloval
amplified nucleic acids derived from the sample. In some implementations, the
cluster may comprise a particular sample that is & distinguishable portion of the
cluster even if the cluster is polycional as a resuit of one or more other samples being
present within the cluster.  System (100) is further configured to utilize an imaging

assembly {122} to capture images of the reaction sites on flow cell (110).

In particular examples, the system (100} is to perform a large number of parallel
reactions within flow cell {110} Flow cell {110) includes one or more reaction sites
where designated reactions may occur. The reaction sites may be, for example,
immobilized to or aligned on a solid surface of flow cell {110} or immobilized to
beads {or other movable substrates} that are located within corresponding reaction
chambers of flow cell {110}, The reaction sites may include, for example, clusters of
clonally amplified nucleic acids. Flow cell {110) may include one or more flow

channels that receive a solution from the system (100} and direct the solution toward
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the reaction sites. Optionally, flow cell (110} may engage a thermal element for

sransferring thermal energy into or out of the flow channel.

System {100} may include various components, assemblies, and systems {or sub-
systemns) that interact with each other to perform a predetermined method or assay
protocol for biclogical or chemical analysis. For example, system (100} includes a
system controller (120} that may communicate with the various components,
assemblies, and sub-systems of the system (100). Examples of such components are
described in greater detail below. Controller (120} may include one or more
microprocessors, storage devices, and/or any other suitable electrical components that

are configured to cooperate to execute control algorithms, data processing, etc.

o the present exarople, imaging assembly {(122) includes a light emitting assembly
{150} that emits light that reaches reaction sites on flow cell {(110). Light emitting
assembly {150} may include an incoherent light emitter (e.g., emit light beams output
by one or more excitation diodes), or a coherent light emitter such as emitter of light
output by one or more lasers or laser diodes. In some implementations, light emitting
assembly (150} may include a plurality of different light sources (not shown}, each
iight source emitting light of a different wavelength range. Some versions of light
emitting assembly (150} may also include one or more collimating fenses (vot
shown), a light structuring optical assembly (not shown), a projection lens (not
shown) that is operable to adjust a siructured beam shape and path, epifluorescence
microscopy components, and/or other components.  Although system (100} is
ithustrated as having a single light emitting assembly (150}, muluple light emitting

assemblies (150) may be included in some other implementations.

In the present example, the light from light emitting assembly (150} is directed by
dichroic mirror assembly (146) through an objective lens assembly (142) onto a
sample of a flow cell {110), which is positioned on a motion stage {170} In the case
of fluorescent microscopy of a sample, a flnorescent element associated with the
sample of interest fluoresces in response to the excitation light, and the resultant light
is collected by objective lens assembly (142) and is directed to an image sensor of

camera system {140} to deiect the emitted fluorescence. In some implementations, a

10
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tube iens assembly may be positioned between the objective lens assembly (142) and
the dichroic mirror assembly (146) or between the dichroic mirror (146) and the
image sensor of the camera system (140} A moveable lens element may be
translatable along a longitudinal axis of the tube lens assembly to account for
focusing on an upper interior surface or lower interior surface of the flow cell (110)
and/or spherical aberration introduced by movement of the objective lens assembly
(142)

In the present example, a filter switching asserubly (144) s interposed between
dichroic mirror assembly (146} and camera system (140). Filter switching assembly
{144} ioncludes one or more emission filters that may be used to pass through
particular ranges of emission wavelengths and block (or reflect) other ranges of
emission wavelengths. For example, the one or more emission filters may be used to
direct different wavelength ranges of emitted light to different image sensors of the
camera system {140) of imaging assembly (122} For instance, the emission filters
may be implemented as dichroic mirrors that direct emission light of different
wavelengths from flow cell (110} to different image sensors of camera system (140},
o some varniations, a projection leus is interposed between filter switching assembly
{144} and camera system (140). Filter switching assembly (144) may be omitted in

SONE VETsions.

In the example of system (100), fluid delivery module or device (190} may direct the
flow of reagents {e.g., flucrescently labeled nucleotides, buffers, enzymes, cleavage
reagents, etc.) to {and through) flow cell {110} and waste valve (180). Flow cell (110}
may include one or more substrates upon which the samples are provided. For
example, in the case of a system to analyze a large number of different nucleic acid
sequences, flow cell (110} may include one or more substrates on which nucleic acids
to be sequenced are bound, attached, or associated. The substrate may include any
wert substrate or matrix to which nucleic acids may be attached, such as {or example
glass surfaces, plastic surfaces, latex, dextran, polystyrene surfaces, polvpropylene
surfaces, polyacryiamide gels, gold surfaces, and silicon wafers. In some applications,

the substrate is within a channel or includes a channel formed within the substrate or

11
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other area at a plurality of locations formed in a matrix or array across the flow cell
{110). System {100) may also include a temperature station actuator (130} and
heater/cooler (132) that may optionally regulate the temperature of conditions of the
fluids within the flow cell (110). In some implementations, the heater/cooler (132}
may be fixed to a sample stage (170) upon which the flow cell {110} i3 placed and/or

may be integrated into sample stage (170).

In some versions, the flow cell {110} may be implemented as a patterned flow cell
including a transparent cover plate, a subsirate, and configured to contan a liquid
therebetween, and a biological sample may be located at an inside surface of the
transparent cover plate and/or an inside surface of the substrate. The flow cell may
include a large number (e.g., thousands, millions, or billions) of wells {also referred to
as nanowells) or regions that are patterned into a defined array {e.g., a hexagonal
array, rectangular array, etc.) into the substrate. Such wells may define reaction
chambers providing reaction sttes as described above. Each region may form a
cluster {e.g., a monoclonal cluster, a substantially monoclonal cluster, or a polyclonal
cluster) or more one than cluster of a biological sample such as DNA, RNA, or
another genomic material that may be sequenced, for example, using sequencing by
synthesis. A substantially monoclonal cluster may be one where a particular sample
orms a distinguishable portion of the cluster evern if the cluster itself is polyclonal as
a result of one or more other samples being present within the cluster. The flow cell
may be further divided into a number of spaced apart lanes (e.g., cight lanes), cach

iane including a hexagonal array of clusters or a rectilinear array of clusters.

Flow cell {110} may be mounted on sample stage (1703, which may provide
movement and alignment of flow cell {110) relative to objective lens assembly (142).
Sample stage (170) may have one or more actuators to allow sample stage (170) to
move in any of three dimensions. For example, in terms of the Cartesian coordinate
system, actuators may be provided to allow sample stage (170) to move in the x, v,
and z directions relative to objective lens assembly (142}, tilt relative to objective lens
assernbly (142), and/or otherwise move relative to objective lens assembly (142).

Movement of sample stage {170} may allow one or more sample locations on flow

12
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cell (110} to be positioned in optical alignment with objective lens assembly (142},
Movement of sample stage (170) relative to objective lens assembly (142) may be
achieved by moving sample stage (170) itself, by moving objective lens assembly
(142}, by moving some other component of imaging assembly (122), by moving some
other component of system (100}, or any combination of the foregoing. For instance,
in some implementations, the sample stage {(170) may be actuatable in the X and Y
directions relative to the objective lens assembly (142} while a focus component
(162) or Z-stage may move the objective lens assembly (142) along the Z direction
relative to the sample stage (170). Further implementations may aiso include moving
imaging assembly {122} over a stationary flow cell {110}, Thus, in some versions,
flow cell (110) may be fixed during imaging while one or more components of
imaging assembly {122} is/are moved to capture images at different regions of flow

cell (110}

In some implementations, a focus component (162} may be included to control
positioning of the objective lens refative to the flow cell (110) in the focus direction
(e.g., along the z-axis or z-dimension). Focus component {162) may include one or
more actuators physically coupled to the objective lens assembly {(142), the optical
stage, the sample stage (170), or a combination thereof, to move flow cell (110) on
sample stage {170} relative to the objective lens assembly (142) to provide proper
focusing for the imaging operation. In the present example, the focus component
(162) wutilizes a focus tracking module (160} that is configured to detect a
displacement of the objective lens assembly (142} relative to a portion of the flow cell
{110} and output data indicative of an in-focus position to the focus component {162)
or a component thereof or operable to conirol the focus component (162), such as
controfler (120}, to move the objective lens assembly (142} to position the
corresponding portion of the flow cell (116) in focus of the objective lens assembly
{1423 By way of example only, focus tracking module {160} may be constructed and
operable in accordance with at least some of the teachings of US. Pat. Ne.
10,416,428, entitled “Systems and Methods for Improved Focus Tracking Using a

Light Source Configuration,” issued September 17, 2019, the disclosure of which is

13
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incorporated by reference herein, in its entirety; UL.S. Prov. Appin. No. 63/300,531,
entitled “Dynamic Detilt Focus Tracking,” tiled Janvary 18, 2022, the disclosure of
which is incorporated by reference heretn, in its entirety; or U.S. Prov. Appln. No.
63/410,961, entitled “Spot Error Handling for Focus Tracking,” filed September 28,

24022, the disclosure of which is incorporated by reference herein, in its entirety.

In some implementations, an actuator of the focus component {162} or for the sample
stage (170) may be physically coupled to objective lens assembly (142), the optical
stage, the sample stage (170), ot a combination thereof [such as, for exanple, by
mechanical, magnetic, fluidic, or other attachment or contact directly or indirectly to
or with the stage or a component thereof. The actuator of the focus component (162)
may be configured to move the objective lens assembly (142) in the z-direction while
maintaining the sample stage (170) in the same plane (e.g, maintaining a level or
horizontal attitude, perpendicular to the optical axis). In some implementations, the
sample stage (170} includes an X direction actuator and a Y direction actuator to form
an X-Y stage. The sample stage (170) may also be configured to include one or more
tip or tilt actuators to tip or tilt sample stage (176) and/or a portion thereof, such as a
flow cell chuck This may be done, for exaruple, so that flow cell {110} may be

feveled dynamically to account for any slope in its surfaces.

Camera system (140} may include one or more image sensors to monitor and track
the imaging (e.g., sequencing) of flow cell (110} Camera systern (140} may be
implemented, for example, as a CCB or CMOS image sensor camera, but other image
sensor technologies {e.g., active pixel sensor) may be used. By way of further
example only, camera system {140} may include a dual-sensor time delay integration
(TDI) camera, a single-sensor camera, a camera with one or more two-dimensional
image sensors, and/or other kinds of camera technologies. While camera system
{140} and associated optical components are shown as being positioned above flow
cell (110Y in FIG. 1, one or more image sensors or other camera components roay be
incorporated into system {(100) in numerous other ways as will be apparent to those
skilled in the art in view of the teachings herein. For instance, one of more image

sensors may be positioned under flow cell (110}, such as within the sample stage

14
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(170} or below the sample stage (170); or may even be integrated into flow cell (110).
I Examples of Flow Cell Structures

FIGS. 2-3 depict an example of a form that may be taken by flow cell (116). In
particalar, FIGS, 2-3 show an example of a flow cell {200) that includes a body (202)
defining a plurality of elongate flow channels (210), which may be formed in one or
more of a bottom surface {206} or an upper surface {204) and/or may be formed by
one of more of the bottom surface (206), upper surface {(204), one or more interposed
fayers, and/or one or more adhesive layers structured into a stacked configuration to
form the body (202). Flow channels (210} are generally paraliel with each other and
extend along substantially the entire length of body (302) in the present example.
However, 1o other implernentations, the flow chaounels (210) may be radially
positioned relative to each other, perpendicular to each other, and/or positioned in any
other angular relationship in substantially the same plane. While five flow channels
(210} are shown, a flow cell (200} may include any other suitable number of flow
channels (210), including more or fewer than five flow channels (210}, such as two
flow channels (210), four flow channels (210), eight flow channels (210), etc. The
flow cell (200} of this example also includes a set of inlet ports (220) and a set of
outlet ports {222), with each port (220, 222) being associated with a corresponding
flow channel (210}, Thus, each inlet port (220} may be utilized to communicate
fluids (e.g., reagents, efc) to the corresponding channel (210}, while each outiet port
{222 may be utilized to communicate fluids from the corresponding flow channel
(210). In some implementations, two or more flow channels (210) may be fluidically
connected by a connection channel such that the two or more flow channels (210)
utilize a single inlet port (220) and outlet port (222} In some implementations, the
inlet port {220} and outiet port (222) may be positioned and formed within opposing
ends of the flow cell (200), may be positioned and formed within substantially the
same end of the flow cell (200), and/or ray be positioned and formed within any

other fixed position of the flow cell (200}

Flow channels (210} of the flow cell (200) may receive reagent fluids from fluid

delivery module {190}, which may be Huidly coupled with reagents stored in one or
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more consumable reagent containers (not shown} [n addition, or in the alternative,
flow channels (210) may be coupled with various other fluid sources or reservoirs,
etc. As another illustrative variation, some versions of a consumable cartridge may
be configured to removably receive or otherwise integrate the flow cell (200) into a
consumable cartridge (not shown) that is removably seated in sample stage (170). In
some such versions, flow channels (210} of flow cell (200} may receive fluids from
reagent volumes {not shown) via the tnlet ports {2203, Alternatively, flow cell (200)

may be incorporated into system (100} in any other suitable fashion.

FIG. 3 shows a flow channel (210} of flow cell (200} in greater detail. As shown,
flow channel (210} includes a plurality of wells (230} formed in a base surface (212)
of flow channel (210). By way of example only, each well {230} may be configured
to contain nucleic acid strands or other oligonucleotides and thereby provide a
reaction site for SBS and/or for other kinds of processes. In some versions, each well
{230) has a cylindraceous configuration, with a generally circular cross-sectional
profile. In some other versions, each well (230) bas a polygonal {e.g, hexagonal,
octagonal, square, rectangular, elliptical, etc.} cross-sectional profile. Alternatively,
wells (230) may have any other suitable configuration. It should also be understood
that wells (230} may be arranged in any suitable pattern, including but not limited to a

grid pattern.

I Examples of Channel Configurations and Processes for Dynamic Optical

System Calibration

In various processes in which system (100) may be used {e.g., SBS processes, etc.}, it
may be useful to maintain the imaging assembly (122) in a substantially calibrated
position to capture suitable images of reaction sites in flow cell (110, 200). To the
extent that a calibration routine 1s inmitiated at the beginning of a SBS process {or other
process), such as at an initial tile or swath of a flow cell {110, 200}, such calibration
may be less accurate at later positions, such as later tiles or swaths, of the SBS
process {or other process). For instance, heat and/or other conditions may affect
structural characteristics of one or more features of imaging assembly {122} and/or

flow cell (110, 200) through the duration of the SBS process, such as through

16



WO 2024/072922 PCT/US2023/033922

{0055}

radiative heating by laser illumination, or other processes. The accuracy of the
calibration of the systern may be improved despite the heat-induced effects {or other
environmental effects) by dynamic re-calibration of imaging assembly (122) to ensure
that the images captured by imaging assembly {122) remain suitable through the rest

of the SBS process (or other process).

Factors other than heat or other environmental factors may also impact calibration
and therefore provide contexts in which dynamic re-caltbration may be beneficially
applied. For example, errors of a position encoder for sample stage (170) and/or an
encoder for a focus component {162}, such as a z-stage, may accumulate over time or
distance traveled and roay result in drift that may affect the calibration of the system.
Simifarly, in some cases, implementations of other error correction techniques may
result in mechanical changes to an imaging assembly that could impact calibration.
For example, in some cases, an imaging assembly may be configured to compensate
for differences in coverslip thickness through movement of a physical imaging
component such as a zoom lens. In other cases {or in cases where an imaging
assembly is configured to make mathematical changes to compensate for coverslip
thickness), an imaging assewbly may be configured to correct for astigmatism
through manipulation of compensation plates, such as described in U.S. published
patent application 2023/0108792, filed September 30, 2022 for “Apparatus and
Methods for Transmitting Light,” the disclosure of which is hereby incorporated by
reference in its entirety. In these types of cases, dynamic re-calibration such as
described hersin may be used to compensate for uniniended impacts of mechanical
changes caused by other error correction techniques implemented in an imaging
assembly (e.g., dynamic re-calibration may be used to change the position of an
objective lens to compensate for impacts of zoom lens or compensation plate
movement). The improvements provided by dynamic re~calibration may increase with
the sensitivity of imaging assernbly (122}, For tnstance, increases in the sensitivity of
imaging assembly (122) may lead to increases in susceptibility of imaging assembly
{122} to thermally induced effects or other accumulation errors. In addition, or in the

alternative, increases in the sensitivity of imaging assembly (122) may simply make
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thermally induced effects or accumulation errors more apparent than they otherwise

might be in cases of less sensitive imaging assemblies (122},

Successive static calibration methods of the imaging assembly (122) and/or sample
stage (170) may increase the overall processing or turnaround time, particularly if an
SBS process {or other process) is interrupted fo execute one or more calibration
routines after the SBS process {or other process} has begun. For instance, in some
cases, an SBS process may provide a certain sequence of movements of imaging
assembly (122 rvelative to flow cell (110, 200) (and/or a certain sequence of
movements of flow cell (110, 200} relative to imaging assembly (122}). An example
of such a sequence of movements may wnclude imaging assembly (122} capturing
images or data indicative of illumination intensities of reaction sites in 2 channel
(210) as imaging assembly (122) 1s moved along the length of channel (210) in the y-
direction. In some such versions, imaging assembly (122} may reciprocatingly move
in the y-direction over a certain channel (210) a certain number of times (e.g., making
several passes along the length of channel (210} for different swaths} before moving

in the x-direction to begin imaging reaction sites in the next channel (210).

{f such an SBS process has been initiated, and a static calibration routine is executed
after the SBS process has been initiated, a static calibration routine ray interrupt the
certain sequence of movements of imaging assembly {122} relative to flow cell (110,
2003 {(and/or a certain sequence of movements of flow cell (110, 200} relative to
imaging assembly (122)} that is carried out during performance of the SBS process.
It may therefore be desirable to provide an alternative, in-motion calibration routine
that may be performed in such a way that the calibration routine does not increase the
overall time needed to perform an SBS process. Moreover, it may be desirable to
provide an alternative calibration routine that may be performed dynamically,
throughout performance of an SBS process, to account for any thermal expansions,
deformations, or other structural effects that might occur durning performance of an
SBS process due to increases in heat or other environmental conditions and/or to
correct for potential accumulated errors over the course of the scanning process, with

such dynamic calibration not interrupting the imaging process that would be normally
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carried out as part of the SBS process.
A Example of Flow Cell with Calibration Regions

FIG. 4 shows an example of a flow cell (300} that may be used to provide dynamic
calibration of imaging assembly (122} during performance of an SBS process {or
other process}. In other words, flow cell (300} may be used in a process to enable
controller {120} to acquire focus calibration characteristics {such as a z-position for
the focus component (162) for one or more surfaces of 2 flow channel) while the
sample stage (170} and/or imaging assembly (122} is in motion or to account for
thermally induced changes and/or other changes in imaging assembly (122) and/or
flow cell (300} in real time, to thereby increase the quality of images captured by
imaging assembly {(122) through the duration of an SBS process (or other process).
Flow cell (300) represents anocther example of a form that may be taken by flow cell
{110, 200). Except as otherwise described below, flow cell {300) of this example may
be configured and operable like flow cell (200} described above. Flow cell (300) of
this example includes eight flow chaonels (310). Each flow channel (310) may be
formed in one or more of a botiom surface or an upper surface (304) and/or may be
formed by one or more of the bottom surface, upper surface (304}, one or more
interposed layers, and/or one or more adbesive layers structured into a stacked
configuration of the body (302} of flow cell (3¢0}. Flow channels (310} are generally
parallel with each other and extend along substantially the entire length of body
{3023 While flow cell (300} of this example has eight flow channels (310), any other
suitable number of flow channels (310) may be provided, such as one flow channel
(310}, two flow channels (310}, three flow channels (310}, four flow channels (310},
five tflow channels (310), six flow channels (310}, seven flow channels (310}, or more

than eight flow chanvels (310).

Bach chanunel (310} includes a first end {320}, a second end (322), and an intermediate
region (324} extending along a fength between ends {320, 322). As shown in FIG. 4,
this length extends in the y-direction in this exampie. While not shown in FIGS. 4-5,
each channel (310} may include a plurality of wells (230) or other structural features

providing reaction sites. In some versions, such wells or other structural features
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providing reaction sites are only positioned along intermediate region (324}, In some
other versions, such wells or other structural features providing reaction sites extend
all the way to ends (320, 322). In either case, the wells or other siructural features
providing reaction sites in channels (310) may include nucleic acid strands or other

oligonucleotides for SBS and/or for other kinds of processes.

In the present example, a pair of alignment features {330, 332) are provided uear each
end (320, 322) of alternating channels (310}, In some other versions, alignment
features (330, 332) are provided n all channels (310), at only one end (320 or 322),
for only one channel (310), or in any other suitable arrangement. As best seen in
FIG. 5, alignment feature {330) is in the shape of a square;, while alignment feature
{332} is in the shape of a plus sign or cross.  Alternatively, alignment features (330,
332) may take any other suitable form. Alignment feature {332) may be used for X-Y
alignment calibration, such as for alignment of a known pattern of a flow cell having
patterned features to a loaded flow cell in the systern. Alignment feature (330) may be
configured 1o serve as an optical fiducial that promotes optical alignment between
imaging assembly (122) and flow cell (110). For instance, imaging assembly (122}
may capiure an image of flow cell (110}, Cowtroller (120) way identify ahigoment
features (330, 332) in the captured image Based on the identified position of
alignment features (330, 332) and/or characteristics of the alignment features (330,
332) in the captured image, the position of one or more features of imaging assembly
(122) and/or the position of flow cell (110} may be adjusted to provide appropriate
optical alignment between imaging assembly (122} and flow cell (110} and/or to
match a known position of a known patterns of a flow cell having patterned features to
a loaded flow cell in the system. In addition, or in the alternative, subsequent image
processing may be adjusted based on the identified position of alignment features
{330, 332) in the captured image. Alternatively, optical alignment may be provided

in any other suitable fashion.

As shown in FIG. §, a calibration region (340) is defined by a first boundary (342} in
channel (310} and a second boundary (344) in channel (310). Calibration region

{340} is positioned between intermediate region (324) and first end (320}, It should
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be understood that a second calibration region may be positioned between
intermediate region (324) and second end (322), with the second calibration region
being configured and used like calibration region (340} Thus, intermediate region
(324) may extend between two calibration regions (340). Alternatively, only the
second calibration region may be utilized in leu of the first calibration region (340},
As shown in FIG. 5, alignment features (330, 332) are positioned between calibration
region (340} and first end (320). The particular configuration of calibration region
(340) may be varied from what i1s shown in FIG. 5. For example, one or more of the
alignment features {330, 332) may be incorporated tuto calibration region (340). In
other instances, first boundary (342) may be moved closer to first end (320} or further
away from first end (320). Similarly, second boundary (344) may be moved closer to
first end (320} or further away from first end (320). 1t should also be understood that
a second calibration region may be positioned between intermediate region {324} and
second end {322), with the second calibration region being configured and used fike

calibration region (340},

As noted above, channels (310) include wells or other structural features providing
reaction sites; and such wells or other structural features providing reaction sites may
include nucleic acid strands or other oligonucleotides tfor SBS processes and/or for
other kinds of processes. In the present example, such wells or other structural
features providing reaction sites extend along the length of each calibration region
(340). Thus, cach calibration region (340} includes wells or other structural features
providing reaction sites that may include nucleic acid strands or other
oligonucleotides for SBS processes and/or for other kinds of processes. The
intermediate region (324} of each channel (310} also includes wells or other siructural
features providing reaction sites that may include nucleic acid sirands or other
oligonucleotides for SBS processes and/or for other kinds of processes. Thus, in
some versions, the structural configuration, and the presence of nucleic acid strands
or other oligonucleotides is the same throughout intermediate region (324) and both

calibration regions (340} of each channel (310},

B. Exampie of Calibration Process
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As noted above, in some cases, an SBS process may provide a certain sequence of
movements of imaging assembly (122) relative to flow cell (110, 200, 300} {and/or a
certain sequence of movements of flow cell (110, 200, 300) relative to imaging
assembly (122)). Depending on the magnitude of the acceleration initiating this
relative movement, the structural configuration of system (100), and/or other factors,
there may be some degree of shaking or vibration of imaging assembly (122) and/or
flow cell (110, 200, 300) at the initial stage of relative movement between imaging
assembly {(122) and flow cell {110, 200, 300). In some cases, this shaking or vibration
may adversely affect the quality of images captured by imaging assembly (122) at the
initial stage of relative movement between imaging assembly (122} and fiow cell
(110, 200, 300}. Thus, in some conventional SBS systems, there may be a tendency to
either avord capturing tmages, or effectively ignore captured images, at the initial
stage of relative movement between imaging assembly (122) and flow cell {110, 200,
3003 In such scenarios, the regions near the ends (220, 222, 320, 322) of the channels
(210, 310) of a flow cell (110, 200, 300), including those associated with the
iongitudinal positions of calibration region (340), may be disregarded regions such
that images of samples in those regions are not utilized. However, in the present
example, system {(100) will advantageously utilize focus tracking data captured
during movement through the calibration region (3490) to determine or update a focus
model 10 be applied for the system (100) as the imaging assembly (122} scans a swath
of a flow channel (310} of the flow cell (300}, Such focus tracking data may be used

to facilitate calibration of imaging assembly (122) as described below.

FIG. 6 shows an example of how focus tracking module (160} and other features of
imaging assembly (122) may be used to provide an initial static calibration by
capturing images at different height positions for a focus component (162). In
particular, FIG. 6 shows a graph (400} depicting a plot {(402) representing the depth of
image capture (“z-height™) as a function of longiudinal position (“y-movement”)
along channel (310}, Each horizontal line (420) in plot {(402) represents an image
capture period by imaging assembiy (122}, with images being captured between

points {430} where the z-height remains constant while the y-position changes. In
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other instances, the v-position of such points (430) may remain substantially the
same. It should be understood that the = and v directions represented in the axes of
graph {(400) correspond to the z and v directions represenied in FIGS. 1, 2, and 4-5.
In describing the motion represented by plot (402), the following will describe
movement of flow cell (300) relative to imaging assembly (122) along the y-axis.
Such movement of flow cell (300) relative to imaging assembly (122) may be driven
by one or more actuators of sample stage (170). Some other versions may provide
similar relative motion by moving imaging assembly {122} relative to tlow cell (300}

along the y-axis.

As shown in FIG. 6, a first image {(or set of images) may be captured at a {ust -
height. In some tnstances, the first images are captured while the imaging assembly
(122) or sample stage (170) remains static. In other instances, imaging assembly
{122} may move through a first range of y-movement along channel (310). Then, a
second image (or set of images) may be captured at a second z-height, after the z-
height changes between points (410). The change tn z-height between potnts (410)
may be achieved by moving cbjective lens assembly (142) relative to flow cell (300}
along the z-axis, such as via using a z-stage motion controller for focus component
{162}. In some implementations, the z-stage may comprise a voice coil actuator.
Alternatively, the change in z-height between points {410} may be achieved by
moving flow cell relative to objective iens assembly (142) along the z-axis. I either
scenario, and as shown in FIG. 6, flow cell {(300) may move relative to imaging
assembly (122) along the y-axis during the change in z-height between points (410).
in other instances, the flow cell (300) may remain stationary relative to imaging
assembly (122} during the change i z-height. This process may continue until the
desired images (or image sets} are captured at the desired z-heights, either as flow cell
{300} moves relative to imaging assembly {122y along the y-axis or remains at a
substantially static v-axis position. In the example depicted in FIG. 6, there are four
discrete images {or four discrete image sets) that are captured at four discrete z-

heights.

After the images (or image sets) are captured as described above with reference to
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FIG. 6, the images may be processed {e.g., by controller {120}) to determine which
images {or image sets) provide the best focus for a surface of interest, such as using
conventional image processing techniques. The z-height associated with the images
{or image sets} providing the best focus may then be utilized for subsequent imaging
that is used as part of the SBS process {or other process involving nucleotides, eic., at
the reaction sites in channels (310)). Thus, the process described above with

reference to FIG. 6 may be used to initially calibrate imaging assembly (1223

In some systems, this calibration may be performed as a separate process that begins
and ends before the SBS process {or other process) is initiated; or interrupts the §BS
process to be performed. o some such cases, the process described above with
reference to FIG. 6 may be carried out over the entire length of channel (310} and/or
may be reiterated several times before the entire calibration process is complete. The
SBS process may thus need to be delayed until the entire calibration process is
complete. To the extent that the SBS process eventually affects imaging assembly
(122}, flow cell (300}, and/or other components of system (100} {e.g., due to thermal
expansion, etc.), and the effects warrant re-calibration, a conventional process may
provide wnterruption of the SBS process 1o perform re~calibration, such that the SBS
process may not begin again until the re-calibration is complete. This may
substantially increase overall processing time, such that a system operator may be
forced to choose between providing optimized calibration or optimized processing
time. Alternatively, if environmental factors, such as thermal effects, or accumulation
errors, such as position encoder errors, increase beyond a predetermined threshold
value, then the initial calibration may be inaccurate and the resulting imaging data
may be fess accurate, require increased post-acquisition processing, and/or portions of

the imaging data may fall below a predetermined quality threshold.

FIG. 7 depicts a motion profile (500} of how focus tracking module (160) and other
features of imaging assembly (122) may be used to provide dynamic, in motion,
calibration by capturing focus tracking data continuously at different height positions
for a focus component (162). In the example shown, a controlier of the focus

component (162} may be commanded t0 move the focus component from an initial
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position 1o a first position, such as +500 nanometers {nm) as shown, during a first
motion (502) and then to a second position, such as -500 nm as shown, during a
second motion (504). During this time, the sample stage (170} and/or imaging
assembly (122} may continuously move along in the Y-direction through the
calibration region (340} As will be discussed in relation to FIGS. 10-12, a y-position
encoder or other position tracking element for the sample stage (170} and/or imaging
assembly (122} may track a vy-position relative to the z-position of the focus
component (16Z). In some implementations, the tracking of the y-position may
include outputting the v-position data value 10 a log at predetermined intervals {e.g.,

clock cycles).

During the movement shown in graph (500} of FIG. 7, a focus tracking module sensor
may receive focus tracking data, such as that shown in graph (600) of FIG. 8 In an
implementation, focus tracking module (160} or a feature of focus component (162)
may utilize a focus tracking llumination source to project a spot through imaging
assembly (122) toward the flow cell (300). In some instances, one or more beam
splitters may be implemented to split the projected spot into two or more spots toward
the flow cell (300). As the flow cell (300} comprises several interfaces between
surfaces the projected spot{s} may be reflected by such interfaces of the differemt
surfaces. In an example implementation, a tflow cell may include a first surface
interface (X1, not shown) where the cuter surface of a top substrate material reflects
the projected spot, a sccond surface interface (S2) where the interior surface of the
top substrate and an inner fluidic or other material positioned within the flow channel
reflects the projected spot, a third surface interface (S3) where the interior surface of
a bottom substrate and an inner fluidic or other material positioned within the flow
channel reflects the projected spot, and a fourth surface interface (84, not shown)
where the outer surface of a bottom substrate material reflecis the projected spot. As
shown o FIG. 8, a sensor of the focus component {162) may be configured to detect
the illumination intensity of the reflected spots from the interfaces. In the
implementation shown, a pair of focus tracking spots are used and the detected

illumination data of reflected spots (604, 606, 608, 610) for the second surface
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interface {82} and third surface interface (83) may be utilized to determine an x-axis
position, represented by pixel numbers, of cach of the reflected spots (604, 606, 608,

610).

Referring now to FIG. 9, as the z-height of the objective lens (142} of the imaging
assembly (122) is changed during the first motion (502) or second motion (504), the
g-position of the detected illumination data of the reflected spots changes i a
substantially linear relationship to the z-height of the objective lens shown by graphs
(710, 720). As shown in FIG. 9, at a first z-height value of 1090 micrometers, a pair
of spots reflected from the same surface (shown as SZL and S2R) have a smaller spot
separation relative to the same pair of spots reflected from the same surface ai a
second z-height value of 1110 micrometers. Although the z-height is shown as
increasing in value, the orientation of the z-axis in the present graphs is relative to a §
value datum where the objective lens (142) is further away from the flow cell (300}
and increasing values for the z-height move the objective lens (142} closer to the flow

cell (300

In some implementations, a series of average spot separation values may be acquired
as the sample stage (170} and/or imaging assembly {122) continuously moves along
in the Y-direction through the calibration region {340) and may be correlated with a
corresponding y-position encoder value or other position tracking element for the
sample stage (170} and/or imaging assembly {122} as shown by graph (800) of FIG
10, The curve (802) shown in graph (800) may substantially correspond to the
motion profile (500) shown in FIG. 7. As shown, the curve (802} has a first portion
(804) corresponding to the first motion (502) and a second portion {806)

corresponding to the second motion (504).

During the acquisition of the series of average spot separation values during the
movement through calibration region (3403 shown in FIG. 10, the system (100) may
also acquire a series of data indicative of image quality, such as an image quality
score, at each v-position encoder value as the series of average spot separation values
are acquired, such as shown in FIG. 11. In some implementations, these may occur by

synchronizing acquisition of the two different systerns. For example, a clock eyvele of
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the acquisition system for the average sport separation values may be used for the
acquisition system for the data indicative of the image quality. In some
implementations, the acquisition system for the average spot separation values may
comprise a first printed circuit board assembly (PCBA) and may include a first
FPGA; and the acquisition system for the data indicative of the jmage quality may
comprise a second printed circuit board assembly (PCBA) and may include a second
FPGA. As shown in the graph (900) in FIG. 11, several data points indicative of
image quality at corresponding y-positions within the calibration region (340) are
acquired and a smoothed curve fit (902) may be applied to the data. While an image
quality score is shown as used, any other data indicative of image quality, such as a

Brenner score, may be used.

FIG. 12 depicts a graph (1000) showing the correlation of the data points indicative of
image quality, such as an image quality score, relative o the data points for the series
of average spot separations at the same y-positions. In the present example, the lower
an image gquality score, the better the image quality for images acquited by the
imaging assembly (122) of the system {100}. A parabolic curve fit (1002} may be
applied to the data poiuts and a roinimum for the image quality scores (1004) of the
present example of the curve fit {1002) may be identified and the corresponding
average spot separation value (1006} may also be identified. In some
implementations, the average spot separation value (1006} may be used directly for
the z-hcight position for the focus component (162) for a subsequent imaging
acquisition cycle to position the imaging assembly (122} or a specific z-height
position value may be identified if spot separation values are not used In
implementations where higher values are indicative of better image quality, a

maximum value may instead be identified.

While the foregoing depictions in FIGS. 7-12 show graphical depictions of the
different values calculated at different points by different components of the system
(100) to determine a z-height position or other value indicative thereof for improved
image quality, it should be understood that the values may be directly caleulated and

implemented without any graphical output.
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FIG. 13 shows a process that may be employed using a flow cell fike flow cell (300},
where calibration may be performed dynamically, during the SBS process, such that
the calibration may remain optimized in real time without meaningfully increasing
the overall time needed to obtain the 8BS results. The process shown in FIG. 13 may
begin with imaging assembly (122) posttioned over first end (320). Flow cell (300)
may then move in a first direction relative to imaging assembly (122), along the y-
axis, as shown in block (1100} As flow cell (300) moves in this first direction
relative to imaging assembly (122}, along the y-axis, the field of view of imaging
assembly (122) may be effectively moving toward second end (322). In some
versions, as represented by the broken line rendering of block (1102) in FIG. 7,
imaging assembly (122) may capture images and focus tracking data along the
calibration region (340} near first end (320) while simultaneously moving an
objective lens of the imaging assembly {122) through a range of z-heights as flow cell
(300 moves along the y-axis. In some versions, this step represented by block (1102)
may be omiited. I the step represented by block (1102) is carried cut, the integrated
through focus calibration may be performed in accordance with the teachings
provided above in the context of FIGS. 7-12. The z-position and focus model
generated by the integrated through focus calibration may then be used for the
imaging of block (1104}, In other implementations, a static focus model generation

process may occur prior to block (1100) and be used for the imaging of block {1104}

Regardless of whether the step represented by block (1102) is carried out as the
calibration region (340} near first end (320} passes through the field of view of
imaging assembly (122), imaging assembly (122) may capture images of intermediate
region (324) of channel (310), as shown in block (1104} These images of
intermediate region {324 of channel {310) may be the same kind of images that are
captured during conventional SBS processes {e.g., to identify nucleotides at reaction
sites in chanuels (3103, As flow cell (300} coutinues moving in the first divection
relative to imaging assembly (122, along the y-axis, the calibration region (340) near
second end (322) eventually reaches the fleld of view of imaging assembly {1223 As

the calibration region (340) near second end (322) passes through the field of view of
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imaging assembly (122}, imaging assembly (122} may capture images and perform an
integrated through focus calibration during calibration region (340} near second end
{322}, as shown in block (1166). This integrated through focus calibration during
calibration region {340} near second end (322) may be performed in accordance with
the teachings provided above in the context of FIGS. 7-12. The data generated by the
integrated through focus calibration of block (1106) may then be used for updating a
focus model for a subsequent swath and/or a subsequent cycle for the imaging of

block (1104) and or imaging of block (1112},

Atter calibration region {340} near second end {322) has passed through the field of
view of imaging assembly (122) (or after the desired integrated through focus
calibration is performed for calibration region (340) near second end (322}), the flow
cell (300) may be shifted incrementally to a new swath and the movement of flow cell
{300} may be reversed. In other words, flow cell (300) may be moved in a second
direction relative to imaging assembly {122), along the y-axis, as shown in block
(1108},  As flow cell (300) moves in this second direction relative to imaging
assembly (122), along the y-axis, the field of view of imaging assembly (122) may be
effectively moving back toward first end (320). In some versions, as represented by
the broken line rendering of block (1110} in FIG. 7, imaging assembly {122} may
capture integrated through focus calibration data along the calibration region (340)
near second end {322), as flow cell (300) moves along the v-axis. In some other
versions, this step represented by block (1110} may be omitted.  If the step
represented by block (1110} is carried out, the integrated through focus calibration
may be performed in accordance with the teachings provided above in the context of

FIGS 7-12.

Regardless of whether the step represented by block (1110) is carried out as the
calibration region (340) near second end (322) passes through the field of view of
maging asserubly (122), imaging assembly (122) may capture additional images of
intermediate region (324) of channel (310), as shown in block (1112}, These images
of intermediate region (324) of channel (310} may be the same kind of images that

are captured during conventional SBS processes {e.g, to identify nucleotides at
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reaction sites in channels (310}). As flow cell (300) continues moving in the second
direction relative to imaging assembly {122}, along the y-axis, the calibration region
(340) near first end (320) eventually reaches the field of view of imaging assembly
{122y, As the calibration region (340) near first end (320) passes through the field of
view of imaging assembly (122}, imaging assembly (122} may perform an integrated
through focus calibration in calibration region (340) near first end (320}, as shown in
block (1114). This integrated through focus calibration performed in calibration
region {340) near first end (320) may be performed in accordance with the teachings

provided above in the context of FIGS, 7-12.

In the present example, the SBS imaging process may include one or more passes of
the same channel (310) under imaging assembly {1223 As described above, this may

include at least two passes—one in the first direction along the y-axis and another in

the second direction along the v-axis. In some versions, the SBS imaging process
provides more than two passes of each channel (310) under imaging assermbly (122},
In other implementations, a single pass per channel (310} may be performed. Thus,
the method depicted in FIG. 13 further includes a determination stage, represented by
block {1116}, to determine whether the imaging of the channel (310) at hand s
complete. If the imaging of the channel (310) at hand 15 not vet complete, then the
above-described process may be repeated for that channel (310). By way of example
only, some versions may require each channel (310} 10 be imaged four times before

moving onto the next channel (310).

In any case, if the determination stage, represented by block (1116), results in a
determination that imaging of the channel (310} at hand is in fact complete, then the
process may move to the next channel (310) as represented by block (1118). Te
move to the next chanuel (310}, flow cell (300) way be moved relative to imaging
assembly (122} along the x-y plane. As noted above, such movement may be
provided by one or more actuators of sample stage (170).  Alternatively, imaging
assembly (122) may be moved relative to flow cell (300) along the x-y plane. In
cither scenario, once the appropriate ead (320, 322) of the next channel (310} is

within the field of view of imaging assembly (122}, the process describied above with
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reference FIG. 13 may be carried out along that next channel (310}, This may be

repeated until all channels (310} have been imaged.

It should be understood from the foregoing that calibration imaging steps may be
seamlessly integrated with SBS imaging steps, such that SBS imaging need not be

delayed or interrupted to provide calibration imaging.  Similarly, it should be

understood from the foregoing that calibration data may be captured through the same
continuous, uninterrupted movement of flow celi (300) relative to imaging assembly
{122} along the x-~y plane. Thus, the capture of calibration data need not impose any
meaningtul delay on completion of an SBS process. Moreover, the calibration
rethod described above with reference to FIG. 13 may effectively provide a feedback
foop with real-time calibration data, thereby minimizing any adverse impact of
thermal deformation, drift, and/or other phenomena that might occur during an SRS

process and that might otherwise adversely affect 8BS images.

In the example described above with reference to FIG. 13, one or both of the two
calibration regions {340} of each and every channel (310) of flow cell (300} 1s/are
used for calibration purposes. In some other variations, only the calibration region(s}
of every other channel (310) is used for calibration purposes. Alternatively, any other
suitable number of calibration regions (340) within a flow cell (300} may be used for
calibration purposes. In some further implementations, calibration regions (340} may
be positioned between two intermediate regions (324) such that calibration may ocour
during one or more intermediate positions as the flow channel (310} is imaged in the
same direction. For example, such calibration regions may be tmplemented in flow
cells with extended length in the y-direction. In other implementations, calibration
regions {340) may be implemented for radial flow cells with radial flow channels

(310} or for spiral tlow channels (310), such as for wafer based sequencing methods.

Coniroller (120} may provide various kinds of calibration responses based on
calibration data acquired through integrated through focus process as described
above. By way of example only, such calibration responses may include adjusting
the position and/or orientation of one or more movable components within imaging

assembly (122). For instance, countroller (120} may provide adjusted z-position of
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ohjective lens assembly (142} during acquisition of SBS images along intermediate
region (340) (as represented by blocks (504, 512)), based on calibration data acquired
through the integrated through focus process as described above  Similarly,
controller {120) may provide adjusted z-position ranges of objective lens assembly
{142y during acquisition of subsequent ivtegrated through focus processes (as
represented by blocks (502, 506, 510, 514)), based on calibration data acquired
through calibration as described above. Controller {120} may also adjust how SBS
images are processed, based on calibration data acquired through calibration images
as described above. Controller (120} may also adjust the irradiance profile {e.g.,
adjust the intensity of the excitation light) and/or other properties of Hght emitting
assembly (150), based on calibration data acquired through calibration images as
described above. Alternatively, controller (120) may provide any other suitable
kind(s) of calibration responses based on calibration data acquired through calibration
images as described above, in addition to or in lien of providing the calibration

responses outlined above.

In versions where camera system {140} includes a TDI camera, the calibration routine
may determine which spot separation provides the best focus. It should also be
understood that the z-movement profile represented in plot (302) is just an example.
Other forms of z-movement profiles may include stairstep-shaped profiles,

sinusoidal-shaped profiles, or other kinds of profile shapes.

In some variations, the illumination intensity may be enhanced during the calibration
imaging. In other words, light emitting assembly (150) may tlluminate channel (310}
with higher intensity during acquisition of calibration images (as represented by
blocks (502, 506, 510, 514)) than the dlumination intensity provided acquisition of
SBS images {as represented by blocks (504, 512, Also in some variations, system
{100} may intentionally induce physical perturbations to one or more components of
imaging assembly (122} and/or flow cell (300) during the integrated through focus
process. The data obtained during such induced physical perturbations may further

enhance the calibration data.

In the example described above, each calibration region {340) of channel (310)

32



WO 2024/072922 PCT/US2023/033922

{0089)

10690

contains nucleotides, just like intermediate region (324} of channel (310}, Imaging
such nucleotides in calibration region (340} for purposcs of calibration may be
particularty desirable since nucleotides are also positioned along intermediate region
(324), such that the same kind of visual target is used for calibration tmaging for the
integrated through focus process as is used for SBS imaging. However, some other
variations may provide other kinds of visual features in calibration regions (340}, For
instance, calibration regions (340) may include two-dimensional calibration patterns,
three-dimensional calibration structures with known topologies, etc.  Another
variation of calibration region (340} may extend all the way to the respective end
{320, 322} of channel (310}, such that first boundary (342) may be effectively
climinated. In some such versions, alignment features (330, 332) may be effectively

formed by the absence of nucleotides in channel (310},

In addition to providing real-time accounting for changes that may occur to imaging
assembly (122} and/or flow cell {300) during an SBS process {e.g.. due to thermal
deformation or drift, etc }, the above-described calibration method may also account
for localized spatial variations within system {100} For instance, by providing
calibration regions (340} at various locations along the x-y plane of flow cell (300},
the calibration process may effectively account for tilting, tipping, curving, or other
structural variations of the flow cell (300}, Thus, the calibration routine executed by
controfler (120) may be tuned to be sensitive to calibration data that varies as a
function of x-y positioning; and thereby apply the corresponding calibration

responses as a function of x-y positioning.

As an exarnuple of another type of variation on how the teachings of this disclosure
may be implemented, consider FIG. 14, which depicts another flow chart representing
an example of a method of dynamically calibrating optical sysiem components. As
will be understeod by those of ordinary skill in the art, the logic circuitry of a system
for biological or chemical analysis such as illustrated in FIG. 1 may be configured
with a method such as shown in FIG 14, However, such a method may also be
performed, in whole or in part, using other components, such as external processors

or computers which may process data after it is generated using a system such as
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shown in FIG 1. Accordingly, the description of the method of FIG. 14 in the
context of a system such as shown in FIG. 1 should be understood as being

illustrative only, and should not be treated as being Hmiting.

Tuarning now to FIG. 14, in the method shown in that figure, a set of calibration acts
would be performed in block (1401). These calibration acts may include capturing an
image of a region of interest in block (1402). In a method such as shown in FIG. 14,
this region of interest may be a two dimensional region on a surface of a channel in a
flow celi, which includes a plurality of reaction sites separated from each other along
both the length and the width of the channel Once the image of the region of interest
has been captured, it may be stored in a first memory in block {1403} and, 1o biock
{1404} an image quality score may be determined for the region of interest. This may
be done, for example using contrast gradients in the image of the region of interest
{e.g., the higher the contrast, the less blurry the image, and the higher its quality
would therefore be assumed 1o be), or other types of score determination such as
Brenner scores such as described above in the context of FIG. 12 may also be used.
Simultaneously, one or more image quality proxy values may be determined for that
region of juterest n block (1405) This may be done by capturing the image of the
region of interest over time {e.g., by capturing it row by row as a field of view of the
imaging apparatus moves along the length of the flow cell channel), while the image
was being captured, capturing spot separation values such as described previously in
the context of FIG. 12 and treating the average of those spot separation values as the

image quality proxy value for the region of interest.

After these calibration acts had been performed for each region of interest in a
plurality of regions of interest, the image quality scores and image quality proxy
values for those regions of interest could be used in block {1406} to generate a
calibration curve relating image guality proxy values to image quality scores. The
parabolic curve ittustrated in FIG. 12 13 an example of such a calibration curve, and
the generation of such a curve may be achieved by fitting a second degree polynomial
to coordinates defined by the image quality proxy values and images quality scores.

This calibration curve may then be applied in block (1407} to dynamically update the
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focus of the imaging apparatus while performing a set of base calling acts. These base
calling acts may include obtaining nuclectide data in block (1408), which may be
performed by using an imaging assembly to detect light emiited from reactanis
positioned at reaction sites on the surface of the channel, such as described previously
in the context of the camera system (140} of FIG. 1 detecting emutted fluorescence
from a sample of interest. At the same time, image quality proxy values may be
obtained in block {1409) showing how those values change during imaging. Those
image quality proxy values could then be used continuously during base calling to
determine in block (1410} whether a feature of the imaging asserbly {e.g, distance
between an objective lens and the surface of the channel} should be adjusted. This
may be done, for example, by projecting spots slightly ahead of the region being
imaged, determining where the separation between those spots falls on the calibration
curve, and, if these spots indicated that an image captured at the location of the spots
would be out of focus, adjusting the imaging assembly to address that issue {e.g., by

moving the objective lens closer to, or farther from, the surface of the channel).

While the above discussion of FIG. 14 indicated how the method represented by the
flow chart of that figure could be performed, it should be understood that the example
implementation is intended to be illustrative, and that there are many variations on
how methods represented by the flow chart of FIG. 14 could be implemented. To
itfustrate, consider capturing regions of 1nterest in block (1402}, and the relaticnships
between those regions. In some implementations, the regions of interest may bhe
adjacent regions of inferest, or may be regions of interest which are separated from
each other by some distance. However, in other implementations, regions of interest
may instead be overapping regions of interest such as the first region of interest
(RO, second ROM and third RO! iHustrated in FIG. 15 For example, 1n a case where
the separation between an objective lens and the surface of the channel being imaged
follows a motion profile as shown in FIG. 7 as the field of view of the imaging
assembly moves down the length of the channel, regions of interest may be
overlapped 10 so that image quality proxy values {e.g., average spot separation

values) transition more smoothly from one region of interest 1o ancther, and therefore
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provide a smoother calibration curve.

As another example of a type of variation on how methods reflected in the flow chart
of FIG. 14 may be implemented, consider the physical devices used in performing the
method. For instance, in some cases, a method such as discussed in the context of
FIG. 14 may be implemented 1n an analysis system with logic circuitry that includes
both a programmed geueral purpose processor, as well as a processor-less special
purpose logic circuit {e.g., a FPGA). In such a case, the particular capabilities of the
different aspects of the logic cireuitry may be leveraged to optimize the performance
of the method. An example of this type of optimization is provided in FIG. 16, which
illustrates a particular approach which may be taken when performing calibration acis

such as described previously in the context of block (1401).

in the method shown in FIG. 16, prior to the region of interest being stored as
described previously in block (1403) the image of the region of interest would be
stored in a separate memory in block {1601). For example, the image of a region of
interest may be stored in memory accessible via a program stored in firmware, before
being moved to the memory of a FPGA, where it could be processed using the
FPGA’s faster processing speed to generate an image quality score fast enough for
the set of calibration acts to be performed continuously during scanning of a flow cell
channel without requiring the scanning of the flow cell channel to be slowed or
stopped. Thus, in this type of implementation, after the region of intereat is stored in
block {1601}, it may be stored in a different memory in block (1403) by performing

steps which include transferring the region of interest from one memory to the other.

This transfer may also be optimized in some cases. To illustrate, consider a case in
which the regions of interest overtap one another and in which the memory in which
they are stored in block (1403 is structured as a circular buffer. In such a case, for the
first region of interest, storing the region of interest in block (1403) may be
performed simply by transferring the image of the region of interest from the separate
memory in block (1602) Alternatively, if the region of interest is not the first region
of interest, then the transfer may comprise transferring a portion of the region of

interest in biock (1603), where the portion transferred, when comwbined with avother
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portion which was already stored in the memory {eg., FPGA memory} would
corbine to provide the image of the region of interest. Additionally, data which was
already stored may be removed so that it could be replaced by the transferred portion
of the image of the first region of interest {e g, if the transferred portion consisted of
32 rows of a 512 x 512 pixel region of interest, then the oldest 32 rows stored in the

memory could be removed when the new 32 rows are transferred in}.

As another example, consider a case in which the imaging assembly captures more
data than would be used for creating a calibration curve. This may be the case where,
for example, the calibration curve is created using image quality scores derived from
$12 x 512 pixel regions of interest, but the imaging assembly captures data which has
an extent across the width of the channel which is greater than 512 pixels. In such a
case, when the image is stored in block (1601}, the entire extent of the image may be
stored, for example, to maximize the data available if the image was later to be used
for sequencing by synthesis. However, only the portion which actually corresponded
to the region of interest may be stored in the memory of the processor-less special
purpose logic circuit, reflecting the fact that that logic would be particularly used for
generating quality scores, and so storing all collected data 1n that memory may tax its

capabilities to no purpose.

Implementations of a method such as that represented by the flow chart of FIG. 14
may also vary from one anocther in the relationship of the sets of calibration and base
calling acts. For example, in some cases, the calibration acts may be performed in
first and second calibration regicns {e.g., first and second end regions of a channel) in
the same manner as described previously in the context of block (1102), block (1106},
block (1110) and block (1114} of FIG. 13. However, it is also possible that the
caltbration acts and/or the generation of the calibration curve may be performed while
cbtaining nucleotide data during base calling. For instance, as noted above, in some
implementations {eg., where a FPGA with a circular memory buffer s used for
storing and deriving image quality scores for regions of interest) the calibration acts
may be performed quickly enough to not interfere with scanning a channel. In such an

implementation, image guality proxy values obtained during base calling may be used
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to continuously generate the calibration curve by updating it on an ongoing basis. To
facilitate this, in some cases features of an imaging assembly may be continuounsly
varied through a small range (e.g ., dithered} around the expected optimal value during
base calling, thereby providing a greater variety of data for the ongoing generation of

a calibration curve.

Gther types of variations are also possible. For example, while in some cases
adjustments may be made to a feature of an imaging assembly based on average
separation values of a pair of spots, in other cases additional spots {e.g., an additional
pair of spots resulting in a square configuration with spots at the vertices) may be
used to gather additional data for image optirnization. As another example, different
implementations may determine whether to make and/or make adjustments at
different frequencies. For instance, adjustments may be made on every run, every
cycle, every swath, or every tile during sequencing. As anocther example, in some
implementations, focus information collected on one pass may be used in other
passes. For tostance, the first time scanning the susface of a channel {eg., when
imaging a first swath), an image profile of the channel may be created. On subsequent
scanming cycles for that channel, that profile may be used to control scanuming speed
by slowing down on areas where the profile indicated there was a sharp slope, or
speeding up on areas where the profile indicated there was a gradual {or no} slope.
Further variations are also possible, and will be immediately apparent to those of skill
in the art in light of this disclosure. Accordingly, the examples provided herein, as
well as the variations on those examples, should be understood as being iltustrative
only, and should not be treated as implying limitations on the protection provided by

this document or any related document.
IV, Examples of Combinations

The following examples relate to varicus non-exhaustive ways in which the teachings
herein may be combined or applied. The following examples are not intended to
restrict the coverage of any claims that may be presented at any time in this
application or in subsequent filings of this application. No disclaimer is intended. The

following examples are being provided for vothing roore than merely illustrative
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purposes. it ts contemplated that the vanous teachings herein may be arranged and
applied in numerous other ways. H i3 also contemplated that some variations may
omit certain features referred to in the below examples. Therefore, none of the aspects
or features referred to below should be deemed critical unless otherwise explicitly
indicated as such at a later date by the toventors or by a successor in interest to the
inventors. If any claims are presented in this application or in subsequent filings
refated to this application that include additional features beyond those referred to
below, those additional features shall not be presumed to have been added for any

regson relating to patentability.
Example 1

An apparatus, comprising: a flow cell including: a channel, the channel having a first
end region, a second end region, and an intermediate region extending between the
first end region and the second end region, the channel defining a length that includes
the first end region, intermediate region, and the second end region, the channel being
configured to receive a fluid, and the channel including one or more calibration
regions in the first end region, the second end region, or the intermediate region, a
plurality of reaction sites positioned along the intermediate region, each reaction site
betng configured to contain a biological sample carried by the fluid, each reaction site
being further configured to receive an excitation light; an imaging assembly operable
to receive light emitted from a reactant positioned at the reaction sites in response io
the excitation light; and a processor, the processor being configured to: drive relative
movement between at least a portion of the imaging assembly and the flow cell along
a continnous range of motion to thereby enable the imaging assembly io capture
images along the length of the channel, activate the imaging assembly to capture one
or more calibration images for the one or wore calibration regions, during a first
portion of the continuous range of motion, and activate the tmaging assembly to
capture images of the reaction sites during a second portion of the continuous range

of motion.

Example 2

39



WO 2024/072922 PCT/US2023/033922

[00105]

106166]

[06107]

{66108)

100109]

{06110}

[00111]

00112}

{00113]

{66114}

{00115}

[06116]

{06117}

The apparatus of Example 1, wherein the one or more calibration regions is
positioned in the first end region.

Example 3

The apparatus of Example 1 or 2, wherein the one or more calibration regions is

positioned in the second end region.
Hxample 4

apparatus of any one of Examples 1-3, wherein the one or more calibration regions is

positioved in the intermediate region.
Example §

The apparatus of any of Examples 1-4, the one or more calibration regions include

nucleotides.
Example 6

The apparatus of any of Hxamples 1-5, the processor being further configured to
adjust a feature of the irnaging assernbly based at least in part on data from the one or

more calibration images.
Example 7

A method comprising: communicating fluid through a channel of a flow cell; moving
at least a portion of an imaging assembly relative to the flow cell through a range of
maotion; and while moving the at least a portion of the imaging assembly relative to
the flow cell through the range of motion: capturing one or more calibration tmages
of a first calibration region via the imaging assembly, the first calibration region
being positioned in a first end region of the channel, and capturing one or more
images of reaction sites via the imaging assembly, the reaction sites being positioned

at an intermediate region of the chanoel,
Example 8

The method of Example 7, further comprising, while moving the at least a portion of

40



WO 2024/072922 PCT/US2023/033922

{00118}

[00119]

106120}

{00121}

[00122]

106123}

[00124]

[00125]

[00126]

[06127]

the imaging assembly relative to the flow cell through the range of motion, capturing
one or more calibration images of a second calibration region via the imaging
assembly, the second calibration region being positioned at a second end region of the

channel.
Example 9

The method of Example 7 or 8, further comprising adjusting a feature of the imaging

assembly based at least in part on data from the one or more calibration images.
Bxample 10

The method of any one of Examples 7-9, further comprising, performing sequencing-

by-synthesis analysis based on the one or more images of the reaction sites.
Example 11

The method of Example 10, the sequencing-by-synthesis analysis being performed
while moving the ai least a portion of the imaging assembly relative to the flow cell

through the range of motion.
Example 12

A method comprising communicating fluid through a chaonel of a flow cell;
performing  sequencing-by-synihesis via the flow cell; and while performing
sequencing-by-synthesis via the flow cell: capturing one or more calibration images
of a first calibration region via an imaging assembly, the first calibration target being
positioned at a first end region of the channel, and capturing one or more images of
reaction sites via the imaging assembly, the reaction sites being posiiioned at an

intermediate region of the channel.
Example 13

The method of Example 12, performing sequencing-by-synthesis via the flow cell
including moving at least a portion of the imaging assembly relative to the flow cell

through a range of motion.
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Hxample 14

The method of Example 13, capturing one or more images of reaction sites via the

imaging assermbly being performed while moving the at feast a portion of the imaging

assembly relative to the flow cell through the range of motion.
Example 15

The method of Example 14, capturing one or more calibration images of the first
calibration region via the imaging assembly being performed while moving the at
least a poriion of the imaging assembly relative to the flow celi through the range of

motion.
Example 16

A processor-readable medium including contents that are configured to cause ¢

processor to process data by performing the method of Example 12.
Example 17

An apparatus comprising: a flow cell comprising one or more channels, wherein each
of the one or more channels has a length and a width with the length being greater
than the width, and comprises a surface baving a plurality of reaction sites; an
imaging assembly to receive light emitted from a reactant positioned at the reaction
sites in response to an excitation lght; a focus component to, for each channel from
the one or more channels, obtain image quality proxy values for the surface of that
channel; and logic circuitry, wherein the logic circuitry is to, for a subject channel
from the one or more channels: for each of a subject plurality of regions of interest,
wherein each region of interest s a two dimensional region on the surface of the
subject channel having a plurality of reaction sites separated from each other along
the length of the subject channel and a plurality of reaction sites separated from each
other along the width of the channel, perform a set of calibration acts comprising:
capturing, using the imaging assembly, an image of that region of interest; storing the
image of that region of interest in a furst memory,; determining one or more image

quality proxy values for that region of interest using the focus component; and
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calculating an image quality score for that region of interest; generate a calibration
curve relating image quality scores for the regions of interest to image quality proxy
values for the regions of interest; and while driving relative motion of the subject
channel and a field of view of the imaging assembly along the length of the subject
channel, perform a set of base calling acts comprising. obtaining nucleotide data
based on using the imaging assembly to detect light emitted from reactants positioned
at reaction sites on the surface of the subject channel; obtaining one or more image
quality proxy values using the focus component while obtaining nucleotide data; and
based on the calibration curve and on the one or more image quality proxy values
obtained while obtaining nucleotide data, determining whether to adjust a feature of

the imaging assembly.
Example 18

The apparatus of example 17, wherein for each region of interest from the subject
plurality of regions of interest, that region of interest overlaps with at least one other
region of interest from the subject plurality of regions of interest along the length of

the subject channel.
Bxample 19

The apparatus of example 18, wherein the logic circuitry comprises: a programined
general purpose processor; and processor-fess special purpose logic circuit; the first
memory is a local memory resident on the processor-less special purpose logic
circuit; the apparatus compsises a second memory operatively connected to the
programmed general purpose processor; for each region of interest from the subject
plurality of regions of interest the set of calibration acts comprises, before storing the
image of that region of interest in the first memory, store the image of that region of
interest in the second memory, for an initial region of interest from the subject
plurality of regions of interest, storing the image of that region of interest in the first
memory comprises transferring the image of that region of interest from the second
memory to the first memory; for each region of interest from the subject plurality of

regions of interest other than the intial region of ioterest, storing that region of
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interest in the first memory comprises: transferring a first portion of the image of that
region of interest from the second memory to the first memory at a time when the first
memory already containg a second portion of that region of interest as a resuit of that
second portion being comprised by a different, previously stored, region of interest,
wherein the first portion of the fmage and that region of interest and the second
portion of that region of interest combine to provide the image of the region of
interest; and removing data from the first memory, wherein the data removed from
the first memory is replaced by the first portion of the image of the region of interest;
the processor-less special purpose logic circuit 18 to, for each region of interest from
the piurality of regions of interest, calculate the image quality score for that region of

interest.
Example 20

The apparatus of example 19, wherein, for at least one region of interest from the
subject plurality of regions of interest, at feast a portion of the second portion that
region of interest is comprised by a plurality of different, previously stored, regions of

interest.
Hxample 21

The apparatus of example 19, wherein, for each of the subject plurality of regions of
interest: capturing, using the imaging assembly, the image of that region of interest
comprises capturing a corresponding image of the subject channel, wherein: the
corresponding image of the subject channel has an extent along the width of the
subject channel greater than an extent of the region of interest along the width of the
subject channel; and the corresponding image of the subject channel has an extent
along the length of the subject channel equal to an exteni of the region of interest
along the length of the subject channel, and storing the image of that region of
interest in the second memory comprises storing the corresponding image of the

subject channel in the second memory.

Example 22
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The apparatus of example 17, wherein each of the one or more channels comprises a
first end region, a second end region, and an intermediate region extending between
the first end region and the second end region; the logic circuitry is to: during a first
period, move a field of view of the imaging assembly along the length of the subject
channel from the first end region of the subject chanuel, through the intermediate
region of the subject channel, to the second end region of the subject channel;
perform the set of calibration acts with a first plurality of regions of interest as the
subject plurality of regions of interest during the first period, wherein the first
plurality of regions of interest are regions of interest in the first end region of the
subject channel, during a second period, move a field of view of the imaging
assembly along the length of the subject channel from the second end region of the
subject chanuel, through the intermediate regions of the subject channel, to the first
end region of the subject channel; and perform the set of calibration acts with a
second plurality of regions as the subject plurality of regions of interest during the
second pericd, wherein the second plurality of regions of interest are regions of

interest in the second end region of the subject channel,
Hxample 23

The apparatus of example 22, wherein the logic circuitty is to perform the set of
calibration acts with a third plurality of regions of interest as the subject plurality of
regions of interest, wherein the third plurality of regions of ivterest are regions of

interest in the intermediate region of the subject channel.
Bxample 24

The apparatus of example 23, wherein the logic circuitry is to; while performing the
set of calibration acts with the first plurality of regions of interest as the subject
plurality of regions of interest, drive relative movement between the feature of the
imaging assembly and the flow cell along a height, wherein the height is
perpendicular to the length and width of the subject channel, through a continuous
range of motion between a first value and a second value; and while performing the

set of caltbration acts with the third plurality of regions of nterest as the subject
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plurality of regions of interest, drive relative movement between the feature of the
imaging assembly and the flow cell along the height through a continuous range of
motion between a third value and a fourth value, wherein the third value and the

fourth value are each between the first value and the second value.
Example 25

The apparatus of example 17, wherein: the feature of the imaging assembly is an
objective lens; the logic circuitry is to, for the subject channel from the one or more
channels, while performing the set of calibration acts: drive relative movement
between the objective lens and the surface of the subject channel through a
continuous range of motion along a height which is perpendicular to the length and
the width of the subject channel; and drive refative motion of the subject chaunel and
the field of view of the imaging assembly along the length of the subject channel; the
focus component is to, for each chanuel from the one or more channels, obtain image
quality proxy values for the surface of that channel by performing acts comprising
projecting a set of spots onto the surface of the channel, and detecting reflections of
the set of spots from the surface of that channel; for each region of interest from the
subject plurality of regions of interest: the one or more image quality proxy values for
that region of interest comprise an average spot separation value for that region of
interest; and determining the one or more image quality proxy values for that region
of interest using the focus component comprises the focus component projecting the
set of spots onto, detecting reflections of the set of spots from, the surface of the
subject channel while capturing the image of that region of interest; and determining
whether to adjust the feature of the imaging assembly comprises determining whether
to adjust relative positions of the objective lens and the surface of the subject channel

along the height.
Example 26

A method comprising. for each of a subject plurality of regions of interest,
performing a set of calibration acts, wherein each region of interest 18 a two

dimensional region on a sutface of a subject channel having a plurality of reaction
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sites separated from each other along the length of the subject channel and a plurality
of reaction sites separated from ecach other along the width of the channel, perform a
set of calibration acts comprising: capturing, using an imaging assembly, an image of
that region of interest; storing the frnage of that region of interest in a first memory;
determining one or more image quahity proxy values for that region of interest using a
focus component of a system for analyzing chemical or biclogical materials;
calculating an image quality score for that region of interest; generating a calibration
curve relating image quality scores for the regions of interest to image guality proxy
values for the regions of interest; while driving relative motion of the subject channel
and a field of view of the imaging assembly along the length of the subject channel,
perform a set of base calling acts comprising: obtaining nucleotide data based on
using the imaging assembly to detect light emitted from reactants positioned at
reaction sites on the surface of the subject channel; obtaining one or more image
quality proxy values using the focus component while obtaining nucleotide data; and
based on the calibration curve and on the one or more image quality proxy values
obtained while obtaining nucleotide data, determining whether to adjust a feature of

the imaging assembly.
Example 27

The method of example 26, wherein for each region of interest from the subject
plurality of regions of interest, that region of interest overlaps with at least one other
region of interest from the subject plurality of regions of interest along the length of

the subject channel.
Example 28

The method of example 26, wherein: the first memory is a local memory resident on a
processor-less special purpose logic circuit; for each region of interest from the
subject plurality of regions of interest the set of calibration acts comprises, before
stoting the image of that region of interest in the first memory, siore the image of that
region of interest tn the second memory, wherein the second memory is operatively

connected to a general purpose processor; for an witial region of interest from the
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subject plurality of regions of interest, storing the image of that region of interest in
the first memory comprises transferring the image of that region of interest from the
second memory to the first memory; for each region of interest from the subject
plurality of regions of interest other than the initial region of interest, storing that
region of interest in the first memory comprises: transferring a first postion of the
image of that region of interest from the second memory to the first memory at a time
when the first memory already contains a second portion of that region of interest as a
result of that second portion being comprised by a different, previously stored, region
of interest, wherein the first portion of the image and that region of interest and the
second portion of that region of interest combine to provide the image of the region of
interest; and removing data from the first memory, wherein the data removed from
the first memory is replaced by the first portion of the image of the region of interest;
the processor-less special purpose logic circuit is to, for each region of interest from
the plurality of regions of tuterest, calculate the image quality score for that region of

interest.
Example 29

The method of example 28, wherein, for at least one region of interest from the
subject plurality of regions of interesi, at least a portion of the second portion that
region of interest is comprised by a plurality of different, previously stored, regions of

interest.
Example 30

The method of example 28, wherein. for each of the subject plurality of regions of
interest: capturing, using the imaging assembly, the image of that region of interest
comprises capturing a corresponding image of the subject channel, wherein: the
corresponding image of the subject channel has an extent along the width of the
subject channel greater than an extent of the region of interest along the width of the
subject chanpel; and the corresponding image of the subject chanvel has an extent
along the length of the subject channel equal to an extent of the region of interest

alovg the length of the subject channel, and storing the wmage of that region of
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interest in the second memory comprises storing the corresponding image of the

subject channel in the second memory.
Example 31

The method of example 26, wherein: each of the one or more channels comprises a
first end region, a second end region, and an intermediate region extending between
the first end region and the second end region; the method comprises: during g first
period, moving a field of view of the imaging assembly along the length of the
subject channel from the first end region of the subject channel, through the
intermediate region of the subject chanvel, to the second end region of the subject
channel;, performing the set of calibration acts with a first plurality of regions of
interest as the subject plurality of regions of tuterest during the first period, wherein
the first plurality of regions of interest are regions of interest in the first end region of
the subject channel; during a second peried, moving a field of view of the imaging
assembly along the length of the subject channel from the second end region of the
subject channel, through the intermediate regions of the subject channel, to the first
end region of the subject channel;, and performing the set of calibration acts with a
second plurality of regions as the subject plurality of regions of interest during the
second period, wherein the second plurality of regions of interest are regions of

interest in the second end region of the subject channel,
Hxample 32

The method of example 31, wherein the method comprises performing the set of
calibration acts with a third plurality of regions of interest as the subject plurality of
regions of interest, wherein the third plurality of regions of interest are regions of

interest in the intermediate region of the subject channel,
Example 33

The method of example 32, wherein the method comprises: while performing the set
of calibration acts with the first plurality of regions of interest as the subject plurality

of regions of interest, driving relative movement between the feature of the imaging
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assembly and the flow cell along a height, wherein the height is perpendicular to the
icngth and width of the subject channel, through a continuous range of motion
between a first value and a second value; and while performing the set of calibration
acts with the third plurality of regions of interest as the subject plurality of regions of
interest, driving relative movement between the feature of the imaging assembly and
the flow cell along the height through a continuous range of motion between a third
value and a fourth value, wherein the third value and the fourth value are each

between the first value and the second value.
Example 34

The method of example 32, wherein the method comprises determining a nucleotide
sequence for a sample of biological material by performing sequencing by synthesis

based on nucleotide data captured from the third plurality of regions of interest.
Example 35

The method of example 26, wherein: the feature of the imaging assembly is an
objective lens; the method comprises for the subject channel, while performing the set
of calibration acts: driving relative movement between the objective lens and the
surface of the subject channel through a continuous range of motion along a height
which is perpendicular to the length and the width of the subject channel; and driving
relative motion of the subject channel and the field of view of the imaging assembly
along the length of the subject channel; the focus component is to, for the subject
channel, obtain image quality proxy values for the surface of that channel by
performing acts comprising projecting a set of spots onto the surface of the channel,
and detecting reflections of the set of spots from the surface of that channel; for each
region of interest from the subject plurality of regions of interest: the one or more
image quality proxy values for that region of interest comprise an average spot
separation value for that region of interest; and determining the one or more image
quality proxy values for that region of interest using the focus coraponent comprises
the focus component projecting the set of spots onto, detecting reflections of the set

of spots from, the surface of the subject channel while capturing the image of that
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region of interest; and determining whether to adjust the feature of the imaging
asscmbly comprises determining whether to adjust relative positions of the objective

lens and the surface of the subject channel along the height.
V. Miscellangous

While the foregoing examples are provided in the context of a system {100} that may
be used in nuclectide sequencing processes, the teachings herein may also be readily
applied in other contexts, including in systems that perform other processes (ie.,
other than nucleotide sequencing procedures).  The teachings herein are thus not
necesaarily limited to systems that are used to perform nucleotide sequencing

PrOCCSses.

It is 10 be understood that the subject matter described herein is not limited in its
application to the details of construction and the arrangement of components set forth
in the description herein or tllustrated in the drawings hereof. The subject matter
described heretn is capable of other implementations and of being practiced or of
being carried out in various ways. Also, it is to be understood that the phraseology
and terminology used herein is for the purpose of description and should not be
regarded as limiting. The use of “including,” “comprising,” or “having” and
varigtions thereof herein is meant o encompass the ttems listed thereafter and

equivalents thereof as well as additional items.,

When used in the claims, the term “set” should be understood as one or more things
which are grouped together. Similarly, when used in the claims “based on” should be
understood as indicating that one thing is deterroined at least 1n part by what it is
specified as being “based on” Where one thing is required to be exclusively
determined by another thing, then that thing will be referred to as being “exclusively

based on” that which it is determined by,

Unless specified or limited otherwise, the terms “mounted” “connected,”
“supported,” and “coupled” and variations thereof are used broadly and encompass
both direct and indirect mountings, conpections, supports, and couplings. Further,

“connected” and “coupled” are not restricted to physical or mechanical connections
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or couplings. Also, it is to be understood that phraseclogy and terminology used
herein with reference to device or element orientation {such as, for example, terms
like “above,” “below,” “front,” “rear,” “distal,” “proximal,” and the like) are only
used to simplify description of one or more examples described herein, and do not
alone indicaie or imply that the device or element referred to must have a particular
orientation. In addition, terms such as “outer” and “inner” are used herein for
purposes of description and are not intended to indicate or imply relative importance

or significance.

ft is 1o be understood that the above description is intended to be illustrative, and not
restrictive. For example, the above-described examples (and/or aspects thereof) may
be used in combination with each other. In addition, many modificaiions may be
made to adapt a particular situation or material to the teachings of the presently
described subject matter without departing from its scope. While the dimensions,
types of materials and coatings described herein are intended to define the parameters
of the disclosed subject matter, they are by no means limiting and iostead
illustrations. Many further examples will be apparent to those of skiil in the art upon
reviewing the above description. The scope of the disclosed subject matter should,
therefore, be determined with reference to the appended claims, along with the full
scope of equivalenis to which such claims are entitled. In the appended claims, the
terms “including” and “in which” are used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Moreover, in the following claims, the

LR IS

second,” and “third,” etc. are used merely as labels, and are not

>

terms “first,
intended to impose numerical requirements on their objects. Further, the limitations
of the following claims are not written in means—plus-funciion format and are not
intended to be interpreted based on 35 U.S.C. §112(f) paragraph, unless and until
such claim himitations expressly use the phrase “means for” followed by a statement

of function void of further structure.

The following claims recite aspects of certain examples of the disclosed subject
matter and are considered to be part of the above disclosure. These aspects may be

combined with one another.
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What is claimed is:

An apparatus, comprising:

a flow cell comprising one or more channels, wherein each of the one or more channels
has a length and a width with the length being greater than the width, and
comprises a surface having a plurality of reaction sites;

an imaging assembly to receive light emitted from a reactant positioned at the reaction
sites in response to an excitation lght;

a focus component to, for cach channel from the one or more channels, obtain image
quality proxy values for the surface of that chanunel; and

logic circuitry, wheretn the logic circuitry is 1o, for a subject channel from the one or
more channels:
for each of a subject plurality of regions of interest, wherein each region of

interest is a two dimensional region on the surface of the subject channel
having a plurality of reaction sites separated from each other along the
length of the subject channel and a plurality of reaction sites separated
from each other along the width of the channel, perform a set of
calibration acts comprising:
capturing, using the imaging assembly, an image of that region of interest,
storing the image of that region of interest in a first memory;
determining one or more image guality proxy values for that region of
interest using the focus component; and
calculating an image quality score for that region of interest;
generate a calibration curve relating image quality scores for the regions of
interest to image quality proxy values for the regions of interest; and
while driving relative motion of the subject channel and a field of view of the
imaging assembly along the length of the subject channel, perform a set of
base calling acts comprising:
obtaining nucleotide data based on using the imaging assembly to detect
fight emitted from reactants positioned at reaction sites oo the

surface of the subject channel;
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obtaining one or more image quality proxy values using the focus
component while obtaining nucleotide data; and

based on the calibration curve and on the one or more image quality proxy
values obtained while obtaining nucleotide data, determining

whether to adjust a feature of the imaging assembly.

The apparatus of claim 1, wherein for each region of interest from the subject plurality of
regions of interest, that region of interest overlaps with at least one other region of
interest from the subject plurality of regions of interest along the length of the subject

channel.

The apparatus of claim 1, wherein:

the logic circuitry comprises:
a programmed general purpose processor; and
processor-less special purpose logic circuit;

the first memory is a local memory resident on the processor-less special purpose logic
circuit;

the apparatus comprises a second memory operatively connected to the programmed
general purpose processor;

for each region of interest from the subject plurality of regions of interest the set of
calibration acts comprises, before storing the image of that region of interest in
the first memory, store the image of that region of interest in the second memory;

for an initial region of interest from the subject plurality of regions of interest, storing the
image of that region of interest in the first memory comprises transferring the
image of that region of interest from the second memory to the first memory;

for each region of interest from the subject plurality of regions of interest other than the
intial region of interest, storing that region of interest in the first memory
comprises
transferring a first portion of the image of that region of interest from the second

memory to the first memory at a time when the first memory already

contains a second portion of that region of interest as a result of that
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second portion being comprised by a different, previously stored, region of
interest, wherein the first portion of the image and that region of interest
and the second portion of that region of interest combine to provide the
image of the region of interest; and
removing data from the first memory, wherein the data removed from the first
memory is replaced by the first portion of the image of the region of
interest;
the processor-less special purpose logic circuit is to, for each region of interest from the
plurality of regions of interest, calculate the image quality score for that region of
interest.
The apparatus of claim 3, wherein, for at least one region of interest from the subject
plurality of regions of interest, at least a portion of the second portion that region of

interest is comprised by a plurality of different, previously stored, regions of interest.

The apparatus of claim 3, wherein, for each of the subject plurality of regions of interest:
capturing, using the tmaging assembly, the image of that region of interest comprises
capturing a corresponding image of the subject channel, wherein:
the corresponding image of the subject channel has an extent along the width of
the subject channel greater than an extent of the region of interest along
the width of the subject channel; and
the corresponding image of the subject channel has an extent along the length of
the subject channel equal to an exient of the region of interest along the
length of the subject channel;
and
storing the image of that region of interest in the second memory conprises storing the

corresponding image of the subject channel in the second memory.
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6. The apparatus of claim 1, wherein:
cach of the one or more channels comprises a first end region, a second end region, and
an intermediate region extending between the first end region and the secound end
region;
the logic circutiry 1s to:

during a first period, move a field of view of the imaging assembly along the
fength of the subject channel from the first end region of the subject
channel, through the intermediate region of the subject channel, to the
second end region of the subject channel;

perform the set of calibration acts with a first plurality of regions of interest as the
subject plurality of regions of interest during the first period, wherein the
first plurality of regions of interest are regions of interest in the first end
region of the subject channel;

during a second period, move a field of view of the imaging assembly along the
length of the subject channpel from the second end region of the subject
chanuel, through the intermediate regions of the subject chaunel, to the
first end region of the subject channel; and

perform the set of calibration acts with a second plurality of regions as the subject
plurality of regions of interest during the second period, wherein the
second plurality of regions of interest are regions of interest in the second

end region of the subject channel.

7 The apparatus of clair 6, wherein the logic circuitry is to perform the set of calibration
acts with a third plurality of regions of interest as the subject plurality of regions of
interest, wherein the third plurality of regions of interest are regions of interest in the
intermediate region of the subject channel.

g The apparatus of claim 7, wherein the logic circuiiry is to
while performing the set of calibration acts with the first plurality of regions of interest as

the subject plurality of regions of interest, diive relative movement between the

feature of the imaging assembly and the flow cell along a height, wherein the
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height is perpendicular to the length and width of the subject channel, through a
continuous range of motion between a first value and a second value; and

whife performing the set of calibration acts with the third plurality of regions of interest
as the subject plurality of regions of interest, drive refative movement between the
feature of the imaging asserubly and the flow cell along the height through a
continuous range of motion between a third value and a fourth value, wherein the
third value and the fourth value are each between the first value and the second

value.

The apparatus of claim 1, wherein:
the feature of the imaging assembly is an objective lens;
the {ogic circuitry is to, for the subject channel from the one or more channels, while
performing the set of calibration acts:
drive relative movement between the objective lens and the surface of the subject
channel through a continuous range of motion along a height which is
perpendicular to the length and the width of the subject channel; and
drive relative motion of the subject channel and the field of view of the imaging
assembly along the length of the subject channel;
the focus component is to, for each channel from the one or more channels, obtain image
quality proxy values for the surface of that channel by performing acts comprising
projecting a set of spots onto the surface of the channel, and detecting reflections
of the set of spots from the surface of that channel;
for each region of interest from the subject plurality of regiouns of interest:
the one or more image quality proxy values for that region of interest comprise an
average spot separation value for that region of interest; and
determining the one or more image quality proxy values for that region of interest
using the focus component comprises the focus component projecting the
set of spots onto, detecting reflections of the set of spots from, the surface
of the subject channel while capturing the image of that region of interest;

and
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determining whether to adjust the feature of the imaging assembly comprises determining
whether to adjust relative positions of the objective fens and the surface of the

subject channel along the height.

10, A method comprising:
for each of a subject plurality of regions of interest, performing a set of calibration acts,
wherein each region of interest is a two dimensional region on a surface of a
subject channel having a plurality of reaction sites separated from each other
along the length of the subiect channel and & plurality of reaction sites separated
from each other along the width of the channel, perform a set of calibration acts
comprising:
capturing, using an imaging assembly, an image of that region of interest;
storing the image of that region of interest in a first memory;
determining one or more image quality proxy values for that region of interest
using a focus component of a system for analyzing chemical or biological
materials;
calculating an tmage quality score for that region of interest;
generating a calibration curve relating image quality scores for the regions of interest to
image quality proxy values for the regions of interest;
while driving relative motion of the subject channel and a field of view of the imaging
assembly along the length of the subject chaunel, perform a set of base calling
acts comprising:
obtaining nucleotide data based on using the haging asserubly to detect light
emitted from reactants positioned at reaction sites on the surface of the
subject channel;
obtaining one or more image quality proxy values using the focus component
while obtaining nucleotide data; and
based on the calibration curve and on the one or more image quality proxy values
obtained while obtaining nucleotide data, determining whether to adjust a

feature of the imaging assembly.
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The method of claim 10, wherein for each region of interest from the subject plurality of
regions of interest, that region of interest overlaps with at least one other region of
interest from the subject plurality of regions of interest along the length of the subject

channel.

The method of claim 10, wherein:
the first memory is a local memory resident on a processor-less special purpose logic
circuit;
for each region of interest from the subject plurality of regions of interest the set of
calibration acts comprises, before storing the image of that region of interest in
the first memory, store the image of that region of interest in the second memory,
whergin the second memory is operatively connected to a general purpose
processor;
for an initial region of interest from the subject plurality of regions of interest, storing the
image of that region of inmterest in the first memory comprises transferring the
image of that region of interest from the second memory to the first memory;
for each region of interest from the subject plurality of regions of interest other than the
mmitial region of interest, storing that region of interest in the first memory
COmprises;
transferring a first portion of the image of that region of interest from the second
memory to the first memory at & time when the first memory already
contains a second portion of that region of interest as a result of that
second portion being comprised by a different, previously stored, region of
interest, wherein the first portion of the image and that region of interest
and the second portion of that region of interest combine to provide the
image of the region of interest; and
removing data from the first memory, wherein the data removed from the first
memory is replaced by the first portion of the image of the region of

interest;
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the processor-less special purpose logic circuit is to, for each region of interest from the
piurality of regions of interest, calculate the image quality score for that region of

interest.

p—
(98}

The method of claim 12, wherein, for at least one region of interest from the subject
plurality of regions of interest, at least a portion of the second portion that region of

interest is comprised by a plurality of different, previously stored, regions of interest.

14, The method of claim 12, wherein, for each of the subject plurality of regions of interest:
capturing, using the imaging assembly, the image of that region of interest comprises
capturing a corresponding imnage of the subject channel, wherein:
the corresponding image of the subject channel has an extent along the width of
the subject channel greater than an extent of the region of interest along
the width of the subject chanuel; and
the corresponding image of the subject channel has an extent along the length of
the subject channel equal to an extent of the region of interest along the
length of the subject channel;
and
storing the image of that region of interest in the second memory comprises storing the

corresponding image of the subject channel in the second mermory.

15. The method of claim 10, wherein:
each of the one or more channels comprises a first end region, a second end region, and
an intermediate region extending between the first end region and the second end
region;
the method comprises:
during a first period, moving a field of view of the imaging assembly along the
length of the subject chaunel from the first end region of the subject
channel, through the intermediate region of the subject channel, to the

second end region of the subject channel;
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performing the set of calibration acts with a first plurality of regions of interest as
the subject plurality of regions of interest during the first pertod, wherein
the first plurality of regions of interest are regions of interest in the first
end region of the subject channel;

during a second period, moving a field of view of the imaging assembly along the
length of the subject channel from the second end region of the subject
channel, through the intermediate regions of the subject channel, to the
first end region of the subject channel; and

performing the set of calibration acts with a second plurality of regions as the
subject plurality of regions of interest during the second period, wherein
the second plurality of regions of interest are regions of interest in the

second end region of the subject channel.

16. The method of claim 15, wherein the method comprises performing the set of calibration
acts with a third plurality of regions of interest as the subject plurality of regions of
interest, wherein the third plurality of regions of interest are regions of interest in the

intermediate region of the subject channel.

—
~3

The method of claim 16, wherein the method comprises:

while performing the set of calibration acts with the first plurality of regions of interest as
the subject plurality of regions of interest, driving relative movement between the
feature of the imaging assembly and the flow cell along a height, wherein the
height is perpendicuiar to the length and width of the subject channel, through a
continuous range of motion between a first value and a second value; and

while performing the set of calibration acts with the third plurality of regions of interest
as the subject plurality of regions of interest, driving relative movement between
the feature of the imaging assembly and the flow cell along the height through a
continuous range of motion between a third value and a fourth value, wherein the
third value and the fourth value are each between the first value and the second

value.
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18 The method of claim 16, wherein the method comprises determining a nucleotide
sequence for a sample of biclogical material by performing sequencing by synthesis

based on nuclectide data capiured from the third plurality of regions of interest.

19, The method of claim 10, wherein:
the feature of the imaging assembly is an objective lens;
the method comprises for the subject channel, while performing the set of calibration
acts:
driving relative movement between the objective lens and the surface of the
subject channel through a continuous range of motion along a height
which is perpendicular to the length and the width of the subject channel;
and
driving relative motion of the subject channel and the field of view of the imaging
asserubly along the length of the subject channel,
the focus component is to, for the subject channel, obtain image quality proxy values for
the surface of that channel by performing acts comprising projecting a set of spois
onto the surface of the chanuel, and detecting reflections of the set of spots from
the surface of that channel;
for each region of interest from the subject plurality of regions of interest:
the one or more image quality proxy values for that region of interest comprise an
average spot separation value for that region of interest; and
determining the one or more image quality proxy values for that region of interest
using the focus component comprises the focus component projecting the
set of spots onto, detecting reflections of the set of spots from, the surface
of the subject channel while capturing the image of that region of interest;
and
determining whether to adjust the feature of the imaging assembly comprises determining
whether to adiust relative positions of the objective lens and the surface of the

subject channel along the height.

20. An apparatus, comprising
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a flow cell including:

a channel, the channel having a first end region, a second end region, and an
intermediate region extending between the first end region and the second
end region, the channel] defining a length that includes the first end region,
intermediate region, and the second end region, the channel being
configured to receive a fluid, and the channel including one or more
calibration regions in the first end region, the second end region, or the
intermediate region,

a plurality of reaction sites positioned along the intermediate region, each reaction
site being configured to contain a biological sample carried by the fluid,
each reaction site being further configured to receive an excitation light;

an imaging assembly operable 1o recetve light emiited from a reactant positioned at the
reaction sites in response to the excitation light; and
a processor, the processor being configured to:

drive relative movement between at least a portion of the imaging assembly and
the flow cell along a continuous range of motion to thereby evable the
imaging assembly to capture images along the length of the channel,

activate the imaging assembly to capture one or more calibration images for the
one or more calibration regions, during a first portion of the continuous
range of motion, and

activate the imaging asserubly to capture images of the reaction sites duting a

second portion of the continuous range of motion.

The apparatus of claim 20, wherein the one or more calibration regions is positioned in

the first end region.

The apparatus of claim 20 or 21, wherein the one or more calibration regions is

posttioned in the second end region.

The apparatus of any one of claims 20-22, wherein the one or meore calibration regions is

positioned in the intermediate region.
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The apparatus of any of claims 20-23, the one or more calibration regions include

nucleotides.

The apparatus of any of claims 20-24, the processor being further configured to adjust a
feature of the imaging assembly based at least in part on data from the one or more

caltbration images.

A method comprising:
communicating fluid through a channel of a flow cell;
moving at least a portion of an imaging asserbly relative to the flow cell through a range
of motion; and
whiie moving the at feast a portion of the imaging assembly relative to the flow cell
through the range of motion:
capturing one or more calibration images of a first calibration region via the
imaging assembly, the first calibration region being positioned ina first
end region of the channel, and
capturing one or more tmages of reaction sites via the imaging assembly, the

reaction sites being positioned at an intermediate region of the channel.

The method of claim 26, further comprising, while moving the at feast a portion of the
imaging assembly relative to the flow cell through the range of motion, capturing one or
more calibration images of a second calibration region via the imaging assembly, the

second calibration region being positioned at a second end region of the channel.

The method of claim 26 or 27, further comprising adjusting a feature of the imaging

assembly based at least tn part on data from the one or more calibration images.

The method of any one of claims 26-28, further comprising, performing sequencing-by-

synthesis analysis based on the one or more irnages of the reaction sites.
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The method of claim 29, the sequencing-by-synthesis analysis being performed while
moving the at least a portion of the imaging assembly relative to the flow cell through the

range of motion.

A method comprising:
communicating fluid through a channel of a flow cell;
performing sequencing-by-synthesis via the flow cell; and
while performing sequencing-by-synthesis via the flow cell:
capturing one or more calibration images of a first calibration region via an
imaging assembly, the first calibration target being positioned at a first end
region of the channel, and
capturing one or more images of reaction sites via the imaging assembly, the

reaction sites being positioned at an intermediate region of the channel.

The method of claim 31, performing sequencing-by-synthesis via the flow cell including
moving at least a portion of the irnaging assembly refative to the flow cell through a

range of motion.

The method of claim 32, capturing one or more images of reaction sites via the imaging
assembly being performed while moving the at least a portion of the imaging assembly

relative to the flow cell through the range of motion.
The method of claim 33, capturing one or more calibration images of the first caltbration
region via the imaging assembly being performed while moving the at least a portion of

the imaging assembly relative to the flow cell through the range of motion.

A processor-readable medium including contents that are configured to cause a processor

to process data by performing the method of claim 31.

65



