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(57) Abstract: A method for operating a nucleic acid se-
quencing instrument with movable flow cells. The method
includes providing a flow cell having a flow path with an in-
let port and an outlet port and filling the flow path, from the
inlet port to the outlet port, with a first liquid reagent. The
method also includes providing a station block having an in-
let passage and an outlet passage, mounting the flow cell on
the station block with the inlet port in fluid communication
with the inlet passage and the outlet port in fluid communic-
ation with the outlet passage, introducing a gaseous bubble
into the inlet port, conveying a second liquid reagent from
the inlet passage into the inlet port to move the gaseous
bubble through the flow path and into the outlet passage and
fill the flow passage with the second liquid reagent, and re-
moving the flow cell from the station block.
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APPARATUS AND METHODS FOR PURGING FLOW CELLS IN NUCLEIC ACID
SEQUENCING INSTRUMENTS

CROSS-REFERENCE TO RELATED APPLICATION

This application is related to and claims the benefit of U.S. Application
No. 13/802,957, entitled “APPARATUS AND METHODS FOR PURGING FLOW CELLS IN
NUCLEIC ACID SEQUENCING INSTRUMENTS” filed March 14, 2013, the contents of which
are incorporated herein by reference in their entirety and for all purposes.
FIELD OF THE INVENTION

The present invention relates to instruments for determining the identity of
nucleic acids in nucleotide sequences, and particular examples relate to instruments that

use flow cells to conduct sequencing by synthesis or other processes.

DESCRIPTION OF THE RELATED ART

Over the past 25 years, the amount of DNA sequence information that has been
generated and deposited into Genbank has grown exponentially. Many of the next-
generation sequencing technologies use a form of sequencing by synthesis (SBS),
wherein specially designed nucleotides and DNA polymerases are used to read the
sequence of chip-bound, single-stranded DNA templates in a controlled manner. Other
next-generation sequencing technologies may use native nucleotides and/or polymerases
or labeled oligonucleoctides and ligation enzymes to determine nucleic acid sequences. To
attain high throughput, many millions of such template spots, each being either single or
multiple molecules, are arrayed across a sequencing chip and their sequence is
independently read out and recorded. The desire to perform high throughput sequencing
stems from the need for faster processing and reduced costs. However, commercial high
throughput systems, while reducing the cost of large scale sequencing (e.g. 10-100
gigabases), make smaller scale sequencing (e.g. 100 megabases to 1 gigabase) costly
and inconvenient.

Recently, instruments have been developed to perform sequencing on a much
smaller scale than conventional devices. Exemplary apparatus and methods that may be
used for performing smaller scale sequencing operations are described in U.S. Patent
Publication Nos. 2010/0323350 (Application Serial No. 12/719,469, filed March 8, 2010),
2010/0152050 (Application Serial No. 12/704,842, filed February 12, 2010), and
2009/0298131 (Application Serial No. 12/370,125, filed February 12, 2009). The
foregoing are incorporated herein by reference. Such instruments use an “assembly
line” type system, which may be arranged in the form of a carousel, to simultaneously
process a nurﬁber of relatively small flow cells. During operation, each flow cell is
physically moved through a series of processing stations. Some of these processing

stations purge the flow cell and fill it with a new reagent, while others are used for
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imaging the flow cell, or as idle stations where the flow cell is held without substantive
processing. Other processing stations may also be provided. These instruments provide
high throughput SBS operations, while offering significant savings in reagents and other
processing costs. This new generation of instruments is expected to expand the public’s
access to SBS operations to use for various purposes, at a reduced cost, and with more
rapid turnaround than earlier devices could offer.

There continues to be a need to advance the state of the art of sequencing
instruments, and particularly those that use movable flow cells for small-scale
sequencing operations.

SUMMARY

In one exemplary embodiment, there is provided a method for operating a nucleic
acid sequencing instrument having one or more movable flow cells. The method
includes providing a flow cell having a flow path with an inlet port and an outlet port, and
filling the flow path, from the inlet port to the outlet port, with a first liquid reagent. The
method also includes providing a station block having an inlet passage and an outlet
passage, and mounting the flow cell on the station block to place the inlet port in fluid
communication with the inlet passage and the outlet port in fluid communication with the
outlet passage. The method also includes introducing a gaseous bubble into the inlet
port, conveying a second liquid reagent from the inlet passage into the inlet port to
move the gaseous bubble through the flow path and into the outlet passage and fill the
flow passage with the second liquid reagent, and removing the flow cell from the station
block.

In another exemplary embodiment, there is provided another method for
operating a nucleic acid sequencing instrument having one or more movable flow cells.
This embodiment comprising providing a flow cell having a flow path with an inlet port
and an outlet port, providing a first station block having a first inlet passage and a first
outlet passage, and providing a second station block having a second inlet passage and a
second outlet passage. The process includes mounting the flow cell on the first station
block to place the inlet port in fluid communication with the first inlet passage and the
outlet port in fluid communication with the first outlet passage, pumping a first liquid
reagent from the first inlet passage into the inlet port to fill the flow path with the first
liquid reagent, and removing the flow cell from the first station block. The method
further includes mounting the flow cell on the second station block to place the inlet port
in fluid communication with the second inlet passage and the outlet port in fluid
communication with the second outlet passage, introducing a gaseous bubble into the
inlet port, pumping a second liquid reagent from the second inlet passage into the inlet
port to move the gaseous bubble from the inlet port to the second outlet passage and to
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fill the flow path with the second liquid reagent, and removing the flow cell from the first
station block.

The recitation of this summary of the invention is not intended to limit the claims
of this or any related or unrelated application. Other aspects, embodiments,
modifications to and features of the claimed invention will be apparent to persons of
ordinary skill in view of the disclosures herein.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the exemplary embodiments may be understood by
reference to the attached drawings, in which like reference numbers designate like parts.
The drawings are exemplary and not intended to limit the claims in any way.

Figure 1 is a schematic front view of a sequencing instrument

Figure 2 is another schematic view of the sequencing i‘nstrument of Figure 1,

Figure 3 is a cross-section side view of an exemplary station block mounting an
exemplary flow cell.

Figure 4 is a detailed view of an inlet side of an exemplary station block and flow

cell.
Figure 5 is a top view of the flow cell of Figure 4.
Figure 6 is a detailed view of the inlet side of another exemplary station biock.
Figure 7 is a detailed view of the inlet side of still another exemplary station
block.

DETAILED DESCRIPTION

The exemplary embodiments described herein relate to apparatus and methods
for purging reagents from flow cells used in small-scale sequencing by syntheses (SBS)
instruments. While embodiments describe herein are believed to have particular utility
in the foregoing application, other uses for the apparatus and methods will be apparent
to persons of ordinary skill in the art in view of the present disclosure and upon practice
of the invention. For example, embodiments may find utility in other kinds of
instruments that periodically disengage a flow cell from a processing station block were
fluids are introduced to the flow cell. Thus, the following examples are not intended to
be limiting examples of the scope of the invention.

Figure 1 is a front schematic view of an instrument configured for performing
small-scale SBS processing simultaneously on multiple flow cells. The instrument
includes a main processing chamber 100, a reagent chamber 102, and an imaging
chamber 104. The chambers may be covered by exterior housings to prevent intrusion
during automated operation, as known in the art. It will be appreciated that the use of
separated chambers and the particular layout shown in Figure 1 are not required in all

embodiments.
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The main processing chamber 100 includes a carousel 106 that is rotated by a
carousel motor 108. The carousel 106 is configured to transport flow cells 110 around a
circular path to various processing stations, such as one or more station blocks 112 and
an imaging station 114. The carousel 106 and carouse! motor 108 may be mounted on
an elevator platform 116 that is driven in the vertical direction by an actuator 118.
When the carousel 106 is properly oriented with the flow cell 110 over a station block
112, the actuator 118 moves the carousel 106 down to deposit the flow cell 110 on the
station block 112. The elevator platform 116 may include one or more clamps 120, such
as spring-loaded plungers, to hold the flow cell 110 in place on the station biock 112.

The imaging station 114 may comprise a separate movable platform that holds
and manipulates the flow cell 110 for imaging by a camera 122. Various optical devices
may be used in conjunction with the imaging station 114, such as lenses 124, a light
source 126 (e.g., banks of LEDs, lasers, or the like), a light source filter 128, and a
dichroic mirror 130 to filter out light of certain wavelengths.

Each station block 112 may be configured to perform one or more operations,
such as heating, cooling, introducing liquid reagents, idling, and so on. One or more of
the station blocks 112 are configured to pass liquid reagents through the flow cell 110.
To this end, the reagent chamber 102 holds one or more reagent containers 132, and
one or more waste containers 134, Each reagent container 132 is connected to one or
more station blocks 112 by a system of supply hoses 136. One or more pumps 138
(e.g., syringe pumps, peristaitic pumps, or the like) are used to convey the reagents to
the station blocks 112. In this case, a single pump 138 is connected to the station
blocks 112 by a system of suction hoses 140. The pump 138 conveys the used reagents
to the waste container 134 by a waste hose 142.

Figure 2 illustrates how the carousel 106 overlies a plurality of station blocks 112.
The station blocks 112 are arranged in a radial pattern around the carousel’s rotation
center 200, so that the carousel 106 can move the flow cells progressively along the
station blocks 112 without adjusting the flow cells’ angular or radial position on the
carousel 106. Figure 2 illustrates each station block 112 having its own reagent
container 132, and a single pump 138 conveying all of the used reagents to a single
waster container 134. Other embodiments may use different numbers of reagent
containers 132, waste containers 134 and pumps 138. It is also envisioned that
embodiments may use non-circular conveyor systems, such as linear actuators to move
the flow cells 110 along a straight line of station blocks 112, and so on.

Details on operating an instrument such as the one described above, as well as
many possible variations on the instrument’s construction, are described in copending
U.S. Application 12/719,469 (hereinafter “Gordon et al.”), filed March 8, 2010
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(Publication No. US 2010/0323350), which is incorporated herein by reference.
Examples of variations include using a positive pressure in the reagent containers 132 to
move the reagent through the flow cells, recycling reagents after they leave the flow
cells 110, and so on. Other variations and modifications will be apparent to persons of
ordinary skill in the art in view of the present disclosure.

The reagents used in the instrument may vary depending on the particular
application. Examples of reagents include those described in Gordon et al. and others,
For example, the reagents may include: nucleic acid sequencing reagents, nucleotide
“cocktails” and polymerase mixtures, de-blocking (cleaving) reagents (enzymes or
compounds capable of removing protective groups in order to permit nucleic acid
extension by a polymerase), label removing (cleaving) agents (enzymes or compounds
capable of removing fluorescent labels), wash reagents, wash buffers, blocking buffers,
cleaving agent scavengers, oxygen scavengers, purified water, and so on, Other
versions of the instrument may use other reagents, and other embodiments are not
intended to be limited to the foregoing list or other reagents specifically identified herein
except as where stated to the contrary.

Figure 3 illustrates a station block 112 for transiently mounting a removable flow
cell 110. The station block 112 includes an inlet passage 300 that receives reagent from
an inlet hose 302, and an outlet passage 304 that directs used reagent to an outlet hose
306. The upper face of the station block 112 is configured to receive the flow cell 110,
and preferably is machined flat. If desired, the station block 112 and flow cell 110 may
include corresponding structures (e.g., pins and holes) to help position the flow cell 110
at a desired location on the station block 112. The upper face of the station block 112
may include one or more seals, such as radially-spaced inner and outer O-rings 308,
310, surrounding the inlet passage 300 and the outlet passage 304, as described in
Gordon et al. The station block 112 also may include resistive heating or thermoelectric
heating/cooling temperature control elements 312 that are in communication with a
power source via wires 314 or the like, to maintain the station block 112 at a desired
temperature. A thermocouple (not shown) may be integrated into or associated with the
station block 112 or the temperature control element 312 to provide feedback control of
the station block’'s temperature.

The exemplary flow cell 110 comprises a base plate 316 and a top cover 318.
The top cover 318 is joined to the base plate 316 by a spacer film 320 that provides a
flow path 322 between the top cover 318 and the base plate 316. The spacer film 320
may also form a fluid seal around the perimeter of the flow path 322. The base plate
316 includes an inlet port 324 and an outlet port 326. The inlet port 324 and outlet port

326 are positioned to be in fluid communication with the inlet passage 300 and outlet
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passage 304, respectively, when the flow ceil 110 is mounted on the station block 112,
and may be located in direct registration, such as shown. The top cover 318 preferably
is transparent to radiation used to detect nucleotide sequencing dyes or the like. For
example, the top cover 318 may comprise a transparent glass plate. Variations on this
construction may be used in other embodiments. For example, the spacer film 320 may
be replaced by a layer of adhesive or a ridge on the upper face of the base plate 316, or
the flow path 322 may be machined, etched or otherwise formed as a groove in the base
plate 316 and/or top cover 318. Other variations and modifications are described in
Gordon et al., and still other variations and maodifications will be apparent to persons of
ordinary skill in the art in view of the present disclosure.

As described in Gordon et al., the flow cells 110 are processed by successively
engaging the flow cell 110 with a series of station blocks 112. At some or all of the
station blocks 112, reagent may be pumped into the flow cell to conduct the particular
operation desired at that station block 112. After the operation is complete, the flow cell
110 is removed from the station block 112 and moved to the next. The reagent from
each station block 112 remains in the flow path 322 of the flow cell 110 until it is flushed
out by the reagent pumped in at the next station block 112. For example, a nucleic acid
sequencing reagent pumped into the flow path 322 at one station block 112 may remain
in place until a wash buffer is introduced at the next station block 112 to flush it out.
Gordon et al. explains that the flow cell 110 may be constructed with valves, a horizontal
passage, or small dimensions to prevent fluid from draining out of the flow cell 110
between station blocks 112. Gordon et al. also describes a preference for preventing
reagent from flowing back to the reagent containers 132 whenever a flow cell 110 is
removed from a station block 112, such as by using check valves of the like to prevent
such flow. In use of a device similar to that shown in Gordon et al., it has been found
that the small dimensions of the inlet port 324 and outlet port 326 are sufficient to
prevent reagent from leaving the flow cell 110 as it travels between successive station
blocks 112.

The foregoing operation—i.e., maintaining the fluid level in the station blocks 112
and preventing reagent from escaping from the flow cells 110 during transport—prevents
air from being introduced into the flow cells 110 during the series of processing steps.

In practice, this result was considered desirable to prevent any of the millions of nucleic
acids in the flow cell 110 from being dislodged or flushed out by turbulence that could
potentially be created by a bubble of air passing through the flow path 322. Such
disturbances would decrease the accuracy and usefulness of the data collected by the
instrument, because the instrument relies on precisely mapping the locations of each

nucleic acid sequence fixed to the flow cell 110. Furthermore, it is well-known that
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exposing the nucleic acids to air can dry them out and “kill” them by preventing further
useful chemical reactions.

In contrast to prior conceptions, it is believed that deliberately introducing a
gaseous bubble into the flow cell 110 between one or more reagent flows can have a
particularly beneficial effect that overcomes any risk that a population of nucleic acids
under investigation will be “killed,” displaced, or removed by the bubble. It is also
believed that the size of this population may be minimal or even virtually undetectable.

A process for introducing an gaseous bubble into the flow cell 110 is now
described with reference to Figure 4, which is a detailed view of an inlet side of an
exemplary station block 112 and flow cell 110. In this process, liquid reagent 400 is
provided in the station block’s inlet passage 300. In a conventional operation, the liquid
reagent 400 fills the inlet passage 300 to be as close as possibie to the upper face 402 of
the station block 112, and may overfill the inlet passage 300 to reside in the area
bounded by the O-rings 308, 310. In the process of Figure 4, however, the liquid
reagent 400 is lowered such that the upper extent 404 (e.g., meniscus or layer of
bubbles) of the liquid reagent 400 is spaced from the upper surface by a distance h,
leaving a gas space 406 in the inlet passage 300 above the liquid reagent 400 that is
filled by a gas. The gas in the gas space 406 may comprise ambient air, gasses emitted
from the liquid reagent 400, or other gaseous phase substances (e.g., purified oxygen).

Once the gas space 406 is formed in the inlet passage 300, the pump 138 or
other means (e.g., gravitational flow, positive pressure gas in the reagent container 132,
etc.) moves the liquid reagent 400 into the flow cell 110 through the inlet port 324. The
O-rings 308, 310 or other seal prevents the gas from escaping. Thus, as shown in
Figure 5, the incoming liquid reagent 400 conveys the gas as a bubble 500 into the flow
path 322 ahead of the liquid reagent 400.

Passing the gas bubble 500 through the flow path 322 is expected to provide
several benefits. First, the bubble 500 is expected to act as a physical barrier between
the incoming liquid reagent 400 and the outgoing used liquid reagent 502. This
minimizes direct contact between and mixing of the two reagents, thereby inhibiting
back-flow and dispersion of the used reagent 502 into the new reagent 400. In addition,
it is believed that the meniscus 504 of the incoming liquid reagent 400 may act as a
wiper to sweep away particles, molecules and droplets that remain from the outgoing
liquid reagent 502. This phenomenon may be caused if the surface tension of the
molecules in the incoming liquid reagent 400 is sufficient to drive the leftover reagent
particles and droplets ahead of the meniscus 504. Figure 5 illustrates the incoming
liguid reagent 400 with a convex meniscus 504, but the same phenomenon may occur if

the meniscus 504 is convex. It will be appreciated that the foregoing explanation is one
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effort to explain the expected operational phenomena, but the invention is not intended
to be limited to any particular theory of operation.

The reduction in mixing and backflow, and the possible sweeping effect of the
incoming meniscus, is expected to further reduce reagent waste by more efficiently
purging the used reagent from the flow path 322. In prior methods, the purging process
would account for mixing during the purging process, so incoming reagent continued to
flow long enough to make sure the flow path 322 did not include a mixture of new and
old reagents. By using a gas bubble 500 to separate the reagents 400, 502, it may not
be necessary to continue the reagent flow as long as it ordinarily would to fully purge the
old reagent from the flow path 322. To strive towards this goal, one embodiment may
introduce a gaseous bubble 500 having a volume of at least about 2 microliters, which is
expected to fully prevent contact between the incoming liquid reagent 400, and the main
mass (i.e., all but any leftover particles, drops or the like) of the outgoing reagent 502.
Other embodiments may use gaseous bubbles 500 having a different size, depending on
the size of the flow path 322 and other dimensions. It is expected that the best results
will be obtained when the diameter of the air bubble (a measured in the width direction
in the flow path 322) is equal to or greater than the width of the flow path 322 at its
widest point, as this should provide full separation between the two liquids. However,
other sizes may be used, and it is contemplated that a single gaseous bubble 500 may
be replaced by multiple smaller bubbles, or a series of larger bubbles.

It is contemplated that the gaseous bubble 500 may be formed using any suitable
method. Non-limiting examples are described below.

In the embodiment of Figure 4, a gas space 406 may be formed using a
conventional station block 112 by evaporating a portion of the liquid reagent 400 before
the flow cell 110 is mounted in the station block 112. In normal use, one or more of the
station blocks 112 may be heated, typically to temperatures between 37°-70° Celsius
(98°-158° Fahrenheit). In such cases, however, the heated station blocks 112 typically
are in constant use, and only unoccupied for as much time as it takes to remove one
flow cell 110 and replace it with another. Thus, in normal use, there is insufficient time
to evaporate any appreciable amount of liquid reagent 400 before a new flow cell 110 is
mounted on the station block 112 (and if there was time for evaporation, it would have
been considered a problem requiring refilling to prevent the creation of a bubble).

To deliberately form a gas space 406, the station block 112 may be heated, in the
absence of a flow cell 110, for sufficient time to induce evaporation to form the desired
volume of gas space 406. This process may also help degas the liquid reagent 400,
which may be helpful to prevent the later formation of gas bubbles in the flow path 322

during imaging or chemical reactions. Where degassing occurs, it may result in a layer
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of fine bubbles at the upper extent 404 of the liquid reagent 400, and these may assist
with the sweeping function described above. It may be possible to induce the desired
evaporation without any heating (i.e., at ambient temperature), but it is more preferable
and may be necessary in practice to induce heating using a pre-existing temperature
control element 312, or a dedicated heating element that focuses heat directly on the
liquid reagent 400 (e.g., a separate heater surrounding the inlet passage 300). For
example, it is believed that a pre-existing temperature control element 312 such as
shown in Figure 3 may be used to induce sufficient evaporation to obtain a gas space
406 by operating it at a temperature of about 65° Celsius (about 150° Fahrenheit) for
about 15 seconds before placing a flow cell 110 on the station block 112. Other
embodiments may deviate from this example. For example another embodiment may
operate at a temperature of about 140° to about 150° degrees Fahrenheit for a period of
about 7.5 to about 15 seconds.

Figure 6 illustrates another embodiment for creating a gas space 406 above the
liquid reagent 400. In Figure 6, the station block 112 includes an auxiliary passage 600
in fluid communication with the inlet passage 300. The auxiliary passage 600 is
connected to a valve 602 and a source of pressurized gas, such as an air pump 604 or
nitrogen cylinder. When the flow cell 110 is connected to the station block 112, the
valve 602 is opened to admit enough air (or other gas) to create a gas bubble of the
desired size. An alternative embodiment of Figure 6 may instead use the auxiliary
passage 600 as a vent to drain a quantity of liquid reagent 400 from the inlet passage
300 before each flow cell 110 is placed on the station block 112. In this embodiment,
the valve 602 may be opened to drain the liquid reagent 400 into a reservoir 606 or back
into the original reagent container 132.

Another exemplary embodiment for creating a gas space 406 is shown in Figure
7. Here, the station block 112 includes a variable-displacement chamber 700 located in
fluid communication with the inlet passage 300. The volume of the variable-
displacement chamber 700 is regulated by a piston 702. The piston 702 may be
operated by a dedicated drive, such as a solenoid or drive motor, or by other means. In
use, each time a flow cell 110 is removed from the station block 112, the piston 702 is
moved to expand the volume of the variable-displacement chamber 700, thereby
pumping a portion of the liquid reagent 400 in the inlet passage 300 back into the
variable-displacement chamber 700 and leaving a gas space 406 in the inlet passage
300. After the next flow cell 110 is installed on the station block 112, the piston 702 is
moved to contract the variable-displacement chamber 700. This may be done before,
during or after the pump 138 operates to begin the flow of the liquid reagent 400 into
the flow cell 110. The piston 702 keeps the variable-displacement chamber 700 in the
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contracted state until the flow cell 110 is removed, and then the cycle begins again. It
will be appreciated that the variable-displacement chamber 700 may comprise a syringe-
like arrangement, a flexible bladder that is compressed by a piston or clamp, and so on.

Other embodiments may use other methods and mechanisms to create a gas
space 406. For example, a pump located upstream of the inlet passage 300 may be
pumped in reverse to draw the liquid reagent 400 backwards to create the gas space
406. Or, the liquid reagent 400 may be flowed backwards by gravity, if the reagent
container 132 is located below the inlet passage 300, under the control of a valve.

In other embodiments, a gas bubble 500 may be introduced directly in the flow
cell 110. For example, gas could be injected directly into the inlet port 324 at a separate
station block 112 dedicated to introducing gas into the flow celis 110. As another
example, the flow cells 110 may include a dedicated port, separate from the inlet port
324, for injecting gas into the flow path 322. As yet another example, the flow cell 110
may be designed to drip reagent out into a waste tray or reservoir as it is moved from
station block to station block, or it may be tilted at predetermined locations to use
gravity to draw out some or all of the used reagent 502. In still another example, air
may be introduced by momentarily breaking the seal at the flow cell inlet port 324 just
as the pump begins drawing the new reagent 400 into the flow path 322.

Other variations and modifications for providing a gaseous bubble 500 into the
flow path 322 will be apparent to persons of ordinary skill in the art in view of the
present disclosure. It will also be appreciated that embodiments of methods and
apparatus may be adapted for use in sequencing instruments that have fixed flow cells,
rather than movable flow cells as described in Gordon et al.

The present disclosure describes a number of new, useful and nonobvious
features and/or combinations of features that may be used alone or together. The
embodiments described herein are all exemplary, and are not intended to limit the scope
of the inventions. It will be appreciated that the inventions described herein can be
modified and adapted in various and equivalent ways, and all such modifications and
adaptations are intended to be included in the scope of this disclosure and the appended

claims.
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What is claimed is:

1. A method for operating a nucleic acid sequencing instrument having one
or more movable flow cells, the method comprising:

providing a flow cell comprising a flow path having an inlet port and an outlet
port;

filling the flow path, from the inlet port to the outlet port, with a firét liquid
reagent;

providing a station block having an inlet passage and an outlet passage;

mounting the fiow cell on the station block to place the inlet port in fluid
communication with the inlet passage and the outlet port in fluid communication with the
outlet passage;

introducing a gaseous bubble into the inlet port;

conveying a second liquid reagent from the inlet passage into the inlet port to
move the gaseous bubble through the flow path and into the outlet passage and fill the
flow passage with the second liquid reagent; and

removing the flow cell from the station block.

2. The method of claim 1, wherein introducing the gaseous bubble into the
inlet port comprises:

providing a gas space at a top end of the inlet passage prior to mounting the flow
cell on the station block; and

capturing gas in the gas space upon mounting the flow cell to the station block to
thereby form the gaseous bubble.

3. The method of claim 2, wherein introducing the gaseous bubble into the
inlet port further comprises conveying the second liquid reagent to the inlet port to move
the gaseous bubble into the inlet port in advance of the second liquid reagent.

4, The method of claim 2, wherein providing the gas space at the top of the
inlet passage comprises evaporating a portion of the second liquid reagent prior to
mounting the flow cell on the station block.

5. The method of claim 4, wherein evaporating the portion of the second
liquid reagent comprises heating the station block at a temperature of about 140° to
about 150° degrees Fahrenheit for a period of about 7.5 to about 15 seconds.

6. The method of claim 2, wherein providing the gas space at the top of the
inlet passage comprises conveying pressurized gas into the inlet passage prior to
mounting the flow celi on the station block.

7. The method of claim 2, wherein providing the gas space at the top of the
inlet passage comprises draining a portion of the second liquid reagent from the top of

the inlet passage prior to mounting the flow cell on the station block.
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8. The method of claim 2, wherein providing the gas space at the top of the
inlet passage comprises pumping a portion of the second liquid reagent from the top of
the inlet passage prior to mounting the flow cell on the station block.

9. The method of claim 8, wherein pumping the portion of the second liquid
reagent from the top of the inlet passage comprises removing the portion of the second
liquid reagent with a variable-displacement chamber.

10. The method of claim 1, wherein conveying the second liquid reagent from
the inlet passage into the inlet port to move the gaseous bubble through the flow path
and into the outlet passage and fill the flow passage with the second liquid reagent
comprises operating a suction pump located downstream of the outlet passage.

11. A method for operating a nucleic acid sequencing instrument having one
or more movable flow cells, the method comprising:

providing a flow cell comprising a flow path having an inlet port and an outlet
port;

providing a first station block having a first inlet passage and a first outlet
passage;

mounting the flow cell on the first station block to place the inlet port in fluid
communication with the first inlet passage and the outlet port in fluid communication
with the first outlet passage;

pumping a first liquid reagent from the first inlet passage into the inlet port to fill
the flow path with the first liquid reagent;

removing the flow cell from the first station block;

providing a second station block having a second inlet passage and a second
outlet passage;

mounting the flow cell on the second station block to place the inlet port in fluid
communication with the second inlet passage and the outlet port in fluid communication
with the second outlet passage;

introducing a gaseous bubble into the inlet port;

pumping a second liquid reagent from the second inlet passage into the inlet port
to move the gaseous bubble from the inlet port to the second outlet passage and to fill
the flow path with the second liquid reagent; and

removing the flow cell from the first station block.

12. The method of claim 11, wherein introducing the gaseous bubble into the
inlet port comprises:

providing a gas space at a top end of the second inlet passage prior to mounting

the flow cell on the second station block; and
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capturing gas in the gas space upon mounting the flow cell to the second station
block to thereby form the gaseous bubbile.

13. The method of claim 12, wherein introducing the gaseous bubble into the
inlet port further comprises pumping the second liquid reagent to the inlet port to move
the gaseous bubble into the inlet port in advance of the second liquid reagent.

14. The method of cla’im 12, wherein providing the gas space at the top of the
inlet passage comprises evaporating a portion of the second liquid reagent prior to
mounting the flow cell on the second station block.

15. The method of claim 14, wherein evaporating the portion of the second
liquid reagent comprises heating the second station block at a temperature of about
140° to about 150° degrees Fahrenheit for a period of about 7.5 to about 15 seconds.

16. The method of claim 12, wherein providing the gas space at the top of the
second inlet passage comprises conveying pressurized gas into the second iniet passage
prior to mounting the flow cell on the second station block.

17. The method of claim 12, wherein providing the gas space at the top of the
second infet passage comprises draining a portion of the second liquid reagent from the
top of the second inlet passage prior to mounting the flow cell on the second station
block.

18. The method of claim 12, wherein providing the gas space at the top of the
second inlet passage comprises pumping a portion of the second liquid reagent from the
top of the second inlet passage prior to mounting the flow cell on the second station
block.

19. The method of claim 18, wherein pumping the portion of the second liquid
reagent from the top of the second inlet passage comprises removing the portion of the
second liquid reagent with a variable-displacement chamber.

20. The method of claim 11, wherein pumping the second liquid reagent from
the second inlet passage into the inlet port to move the gaseous bubble through the flow
path and into the outlet passage and fill the flow passage with the second liquid reagent
comprises operating a suction pump located downstream of the outlet passage.

21. The method of claim 11, wherein the steps of pumping the first liquid
reagent and pumping the second liquid reagent comprise operating a single suction

pump that is fluidly connected to the first outlet passage and the second outiet passage.
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