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HIGH DENSITY PLATE FILLER

INTRODUCTION
[0001] Currently, genomic analysis, including that of the estimated 30,000
human genes is a major focus of basic and applied biochemical and pharmaceutical
research. Such analysis may aid in developing diagnostics, medicines, and therapies
for a wide variety of disorders. However, the complexity of the human genome and the
interrelated functions of genes often make this task difficult. There is a continuing need
for methods and apparatus to aid in such analysis.

DRAWINGS

[0002] The skilled artisan will understand that the drawings, described
herein, are for illustration purposes only. The drawings are not intended to limit the
scope of the present teachings in any way.

[0003] FIG. 1(a) is a perspective view illustrating a high-density sequence
detection system according to some embodiments of the present teachings;

[0004] FIG. 1(b) is a perspective view illustrating a high-density sequence
detection system according to some embodiments of the present teachings;

[0005] FIG. 1(c) is a side view illustrating the high-density sequence
detection system of FIG. 1(b);

[0006] FIG. 2 is a fop perspective view illustrating a microplate in
accordance with some embodiments;

[0007] FIG. 3 is a top perspective view illustrating a microplate in
accordance with some embodiments;

[0008] FIG. 4 is an enlarged perspective view illustrating a microplate in
accordance with some embodiments comprising a plurality of wells comprising a circular
rim portion;

[0009] FIG. 5 is an enlarged perspective view illustrating a microplate in
accordance with some embodiments comprising a plurality of wells comprising a
square-shaped rim portion;

[0010] FIG. 6 is a cross-sectional view illustrating a well comprising a
pressure relief bore according to some embodiments:

[0011] FIG. 7 is a cross-sectional view illustrating the well of FIG. 6 wherein

the pressure relief bore is partially filled;
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[0012] FIG. 8 is a cross-sectional view illustrating a well comprising an offset
pressure relief bore according to some embodiments, being filled by a spotting device;

[0013] FIG. 9 is a cross-sectional view illustrating the well of FIG. 8 being
filled by a micro-piezo dispenser;

[0014] FIG. 10 is a cross-sectional view illustrating a microplate employing a
plurality of apertures, a foil seal, and a sealing cover according to some embodiments;

[0015] FIG. 11 is a top view illustrating a microplate in accordance with
some embodiments comprising one or more grooves;

[0016] FIG. 12 is an enlarged top view illustrating a corner of the microplate
illustrated in FIG. 11;

[0017] FIG. 13 is a cross-sectional view of the microplate of FIG. 12 taken
along Line 13-13;

[0018] FIG. 14 is an enlarged top view illustrating a corner of a microplate
according to some embodiments;

[0019] FIG. 15 is a cross-sectional view of the microplate of FIG. 14 taken
along Line 15-15;

[0020] FIG. 16 is a top view illustrating a microplate in accordance with
some embodiments comprising at least one thermally isolated portion;

[0021] FIG. 17 is a side view illusirating the microplate of FIG. 16;

[0022] FIG. 18 is a bottom view illustrating the microplate of FIG. 16;

[0023] FIG. 19 is an enlarged cross-sectional view illustrating the microplate
of FIG. 16 taken along Line 19-19;

[0024] FIG. 20 is an exploded perspective view illustrating a filling apparatus
according to some embodiments;

[0025] FIG. 21 is a cross-sectional perspective view of the filling apparatus
of FIG. 20;

[0026] FIG. 22 is a cross-sectional perspective view of a filling apparatus
according to some embodiments;

[0027] FIG. 22(b) is a cross-sectional view of a portion of a filling apparatus
comprising a plurality of staging capillaries, microfluidic channels, and ramp features
according to some embodiments;

[0028] FIG. 23(a) is a top schematic view of a filling apparatus according to
some embodiments;
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[0029] FIG. 23(b) is a top perspective view of a portion of a filling apparatus
comprising a plurality of staging capillaries, microfluidic channels, and ramp features
according to some embodiments;

[0030] FIG. 24 is a bottom perspective view of an output layer of a filling
apparatus comprising spacer features according to some embodiments;

[0031] FIGS. 25(a)-(f) are top schematic views of a filling apparatus
according to some embodiments; ‘

[0032] FIG. 26 is a cross-sectional view illustrating a well of a microplate
according to some embodiments;

[0033] FIG. 27 is a cross-sectional view illustrating a well of an inverted
microplate according to some embodiments;

[0034] FIG. 28 is a cross-sectional view illustrating a sealing cover according
to some embodiments;

[0035] FIG. 29 is a cross-sectional view illustrating a hot roller apparatus that
can be used to seal a sealing cover to a microplate according to some embodiments;

[0036] FIG. 30 is a cross-sectional view illustrating a pressure clamp system
according to some embodiments comprising an inflatable transparent bag;

[0037] FIG. 31 is a cross-sectional view illustrating a pressure clamp system
according to some embodiments comprising a moveable transparent window;

[0038] FIG. 32 is a cross-sectional view illustrating a pressure clamp system
according to some embodiments comprising an inverted microplate;

[0039] FIG. 33 is a cross-sectional view illustrating a pressure clamp system
according to some embodiments comprising a plurality of apertures in a microplate;

[0040] FIG. 34 is a cross-sectional view illustrating a pressure clamp system
according to some embodiments comprising a pressure chamber engaging a sealing
cover,;

[0041] FIG. 35 is a cross-sectional view illustrating a pressure clamp system
according to some embodiments comprising a pressure chamber used together with an
inverted microplate;

[0042] FIG. 36 is a cross-sectional view illustrating a pressure clamp system
according to some embodiments comprising a pressure chamber used together with a
microplate comprising a plurality of apertures;

[0043] FIG. 37 is a cross-sectional view illustrating a pressure clamp system
according to some embodiments comprising a pressure chamber engaging a

thermocycler block;
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[0044] FIG. 38 is a cross-sectional view illustrating a pressure clamp system
according to some embodiments comprising a vacuum assist system;

[0045] FIG. 39 is a cross-sectional view illustrating a pressure clamp system
according to some embodiments comprising a pressure chamber engaging a
thermocycler block and a microplate;

[0046] FIG. 40 is a cross-sectional view illustrating a pressure clamp system
according to some embodiments comprising a pressure chamber and a relief port;

[0047] FIG. 41 is an exploded cross-sectional view illustrating a pressure
clamp system according to some embodiments comprising a heatable transparent
window;

[0048] FIG. 42 is a top perspective view illustrating an upright configuration,
according to some embodiments, of a thermocycler system, an excitation system, a
detection system, and a microplate;

[0049] FIG. 43 is a side view illustrating the upright configuration of the
thermocycler system, the excitation system, the detection system, and the microplate of
FIG. 42;

[0050] FIG. 44 is a perspective view illustrating an inverted configuration,
according to some embodiments, of a thermocycler system, an excitation system, a
detection system, and a microplate;

[0051] FIG. 45 is an enlarged perspective view illustrating an excitation
system according to some embodiments comprising a plurality of LED excitation
sources;

[0052] FIG. 46 is an enlarged perspective view illustrating an excitation
system according to some embodiments comprising a plurality of LED excitation
sources;

[0053] FIG. 47 is a side view illustrating the inverted configuration of the
thermocycler system, the excitation system, the detection system, and the microplate of
FIG. 44;

[0054] FIG. 48 is a perspective view illustrating an inverted configuration,
according to some embodiments, of a thermocycler system, an excitation system
comprising individually mirrored excitation sources, a detection system, and a
microplate;

[0055] FIG. 49 is an enlarged perspective view illustrating the excitation

system comprising individually mirrored excitation sources of FIG. 48;



10

15

20

25

30

WO 2006/102296 PCT/US2006/010171

[0056] FIG. 50 is a graph exemplifying vignetting and shadowing relative to
excitation source position;

[0057] FIG. 51 is a graph exemplifying vignetting and shadowing and an
illumination profile according to some embodiments;

[0058] FIG. 52 is a schematic view illustrating an excitation source
comprising a lens according to some embodiments;

[0059] FIG. 53 is a schematic view illustrating an excitation source
comprising a concave mirror according to some embodiments;

[0060] FIG. 54 is a schematic view illustrating an excitation source
comprising a concave mirror and a lens according to some embodiments;

[0061] FIG. 55 is a schematic view illustrating multiple excitation sources
focused to a point on a microplate according o some embodiments;

[0062] FIG. 56 is a schematic view illustrating multiple excitation sources
focused to multiple points to achieve a desired irradiance profile according to some
embodiments;

[0063] FIG. 57 is a flow chart illustrating a manufacturing procedure of
preloaded microplates according to some embodiments;

[0064] FIG. 58 is a flow chart illustrating the use of a database system
according to some embodiments;

[0065] FIG. 59 is a top perspective view illustrating a multipiece microplate in
accordance with some embodiments;

[0066] FIG. 60 is an exploded perspective view illustrating the multipiece
microplate of FIG. 59 in accordance with some embodiments;

[0067] FIG. 61 is a top view illustrating the multipiece microplate in
accordance with some embodiments;

[0068] FIG. 62 is a cross-sectional view of the multipiece microplate of FIG.
61 taken along Line 62-62;

[0069] FIG. 63 is an enlarged cross-sectional view of cap portion and main
body portion of the multipiece microplate of FIG. 62;

[0070] FIG. 64 is a top schematic view illustrating a loading distribution
system comprising a conveyer, a plurality of dispensing stations, a plurality of robots,
and a plurality of microplate hotels according to some embodiments;

[0071] FIG. 65 is a perspective view illustrating a loading distribution system

according to some embodiments;
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[0072] FIG. 66(a) is a side view illustrating a loading distribution system
according to some embodiments, comprising a dispensing device, a source plate and
wash station, and a carriage;

[0073] FIG. 66(b) is a side view illustrating a loading distribution system
according to some embodiments, comprising a dispensing device, a source plate
station, a wash station, and a carriage;

[0074] FIGS. 68(a)-(c) are top-plan views illustrating various uses of a
source plate and wash pallet;

[0075] FIG. 69 is a top-plan view illustrating a ceiling mounted plate-handling
device adapted to retrieve a microplate from a hotel according to some embodiments;

[0076] FIG. 70 is a perspective view illustrating a carriage capable of holding
a microplate according to some embodiments;

[0077] FIG. 71 is a perspective view illustrating a table coupled to a carriage
utilizing a spring allowing the table to float in X and Y axis with respect to the carriage
according to some embodiments;

[0078] FIG. 72 is a perspective view illustrating an embodiment of a locating
ratchet adapted to hold a microplate on the table according to some embodiments;

[0079] FIG. 73 is a perspective view illustrating a lifting device to allow the
table to float in Z axis with respect to the carriage according to some embodiménts;

[0080] FIG. 74 is a perspective view illustrating a pressure source adapted
to communicate with a vacuum connection shoe according to some embodiments;

[0081] FIG. 75 is a perspective view illustrating of a loading distribution
system comprising a pair of rails and a guide channel to lift the table off of the carriage
according to some embodiments

[0082] FIG. 76 is a perspective view illustrating an air slide connecting the
pair of rails and a guide channel according to some embodiments;

[0083] FIG. 77 is a perspective view illustrating a loading distribution system
comprising the carriage, the table, and an alignment stage according to some
embodiments;

[0084] FIG. 78 is a perspective view illustrating a lifting stage adapted to lift
a carriage according to some embodiments;

[0085] FIGS. 79(a)-(b) are perspective views illustrating a visual inspection
station including a carriage alignment device according to some embodiments;

[0086] FIG. 80 is a top-plan view illustrating a table comprising a vacuum

trench and a gasket according to some embodiments;
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[0087] FIG. 81 is a perspective view illustrating a dispensing device
including a plurality of dispensers according to some embodiments;

[0088] FIG. 82 is a perspective view illustrating a plate gripper robot
according to some embodiments;

[0089] FIG. 83 is a perspective view illustrating a plate gripper robot,
gripping a microplate in a lower jaw according to some embodiments;

[0090] FIGS. 84-90 are progressive perspective views illustrating a plate
gripper robot depositing and picking-up microplates from a table and/or a plate storage
unit according to some embodiments;

[0091] FIG. 91 is a perspective view illustrating a source plate and wash
pallet according to some embodiments;

[0092] FIG. 92 is a perspective view illustrating a source plate and wash
station, wherein a source plate and a washing tray each comprise a respective lid
thereupon according to some embodiments;

[0093] FIG. 93 is a perspective view illustrating a source plate and wash
station, wherein a de-lidded source plate allowing a dispensing device to access fluids
stored in or on the source plate according to some embodiments;

[0094] FIG. 94 is a perspective view illustrating a source plate and wash
station, wherein the source plate stays lidded and the washing tray can be accessed by
a dispensing device according to some embodiments;

[0095] FIG. 95 is a perspective view illustrating a source plate and wash
station positioned to enable a robot gripper to access a lidded source plate according to
some embodiments;

[0096] FIG. 96 is a perspective view illustrating a source plate and wash
station positioned to a allow a dispensing station to access a source plate according to
some embodiments;

[0097] FIG. 97 is a perspective view illustrating a source plate and wash
station positioned to a allow a dispensing station to access the washing tray according
to some embodiments;

[0098] FIG. 98 is a front-plan view illustrating a source plate and wash
station in a wait position alongside a dispensing device and a conveyer according to
some embodiments; '

[0099] FIG. 99 is a front-plan view illustrating a source plate and wash
station in a deployed position alongside a dispensing device and a conveyer according
to some embodiments;
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[0100] FIG. 100 is a perspective view illustrating a hotel and a movable entry
guide according to some embodiments;

[0101] FIG. 101 is a process flow diagram illustrating a software command
and control architecture for a loading distribution system, according to some
embodiments;

[0102] FIG. 102 is an illustration a sample distribution mapping for an eight
dispenser sample filler, according to some embodiments;

[0103] FIG. 103 is an illustration of using a dead row to prevent cross-
contamination in sample loadings from a filler according to some embodiments;

[0104] FIG. 104 is a top-plan view illustrating a robot accessing microplate
hotels, source plate hotels, and a plurality of dispensing devices according to some
embodiments;

[0105] FIG. 105 is a top-plan view illustrating a mapping of fluid locations of
a 384-well source plate into a dispensing device comprising 96 dispensers and further
into a 6,144-well microplate according to some embodiments;

[0106] FIG. 106 is an exploded top perspective view illustrating a filling
apparatus comprising an intermediate layer according to some embodiments;

[0107] FIG. 107 is an exploded bottom perspective view illustrating the filling
apparatus comprising the intermediate layer according to some embodiments;

[0108] FIG. 108 is a cross-sectional view illustrating the filling apparatus
comprising the intermediate layer according to some embodiments;

[0109] FIG. 109 is a cross-sectional view illustrating the filling apparatus
comprising the intermediate layer and nodules according to some embodiments;

[0110] FIG. 110 is a top schematic view of the filling apparatus comprising
the intermediate layer and nodules according to some embodiments;

[0111] FIG. 111 is a cross-sectional view illustrating the filling apparatus
comprising the intermediate layer, nodules, and sealing feature according to some
embodiments;

[0112] FIG. 112 is a bottom perspective view of the intermediate layer of the
filling apparatus according to some embodiments;

[0113] FIG. 113 is an exploded top perspective view illustrating a clamp
system for a filling apparatus according to some embodiments;

[0114] FIG. 114 is an exploded top perspective view illustrating a filling

apparatus comprising a vent layer according to some embodiments;
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[0115] FIG. 115 is an exploded bottom perspective view illustrating the filling
apparatus comprising the vent layer according to some embodiments;

[0116] FIG. 116 is a cross-sectional view illustrating the filing apparatus
comprising the vent layer and a vent manifold according to some embodiments;

[0117] FIG. 117 is a top schematic view of the filling apparatus comprising
the vent layer and vent apertures positioned between staging capillaries according to
some embodiments;

[0118] FIG. 118 is a top schematic view of the filling apparatus comprising
the vent layer and oblong vent apertures according to some embodiments;

[0119] FIG. 119 is a cross-sectional view illustrating the filling apparatus
comprising the vent layer and pressure bores according to some embodiments;

[0120] FIG. 120 is a perspective view illustrating a filling apparatus
comprising one or more assay input ports positioned on an end of an input layer
according to some embodiments;

[0121] FIG. 121 is a perspective view illustrating a filling apparatus
comprising one or more assay input ports positioned on a side of an input layer
according to some embodiments;

[0122] FIG. 122 is a perspective view illustrating a filling apparatus
comprising one or more assay input ports positioned on opposing sides of an input layer
according to some embodiments;

[0123] FIG. 123 is a perspective view with portions illustrated in cross-
section illustrating an assay input port according to some embodiments;

[0124] FIG. 124 is a cross-sectional view illustrating the filling apparatus of
FIGS. 120-123 according to some embodiments;

[0125] FIGS. 125-131 and 133 are cross-sectional views illustrating the
progressive filling of a microplate according to some embodiments;

[0126] FIG. 132 is a top schematic view of the filling apparatus comprising
reduced material areas for, at least in part, use in staking according to some
embodiments;

[0127] FIGS. 134-139 are cross-sectional views illustrating the progressive
filing of a microplate using a filing apparatus employing fluid overfill reservoirs
according to some embodiments;

[0128] FIG. 140 is a cross-sectional view illustrating a filling apparatus
employing fluid overfill reservoirs disposed in an output layer according to some
embodiments;
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[0129] FIGS. 141(a)-(g) are top schematic views illustrating various possible
positions of the staging capillaries relative to corresponding microfiuidic channels
according o some embodiments;

[0130] FIGS. 142(a)-(g) are cross-sectional views illustrating various
possible positions and configurations microfluidic channels and staging capillaries
according to some embodiments;

[0131] FIG. 143 is an exploded perspective view illustrating a filling
apparatus comprising a floating insert and cover according to some embodiments;

[0132] FIG. 144 is a cross-sectional view illustrating the filling apparatus
comprising the floating insert according to some embodiments;

[0133] FIG. 145 is an exploded perspective view illustrating a filling
apparatus comprising a floating insert according to some embodiments;

[0134] FIG. 146 is a cross-sectional view illustrating a floating insert
according to some embodiments;

[0135] FIG. 147 is a cross-sectional view illustrating a floating insert
comprising post members according to some embodiments;

[0136] FIG. 148 is a cross-sectional view illustrating a floating insert
comprising tapered members according to some embodiments;

[0137] FIG. 149 is a cross-sectional view illustrating a floating insert
comprising tapered members and a flanged base portion according to some
embodiments;

[0138] FIG. 150 is a cross-sectional view illustrating the floating insert
comprising tapered members and the flanged base portion inserted into a
corresponding depression according to some embodiments;

[0139] FIG. 151 is a cross-sectional view illustrating the floating insert
comprising tapered members and the flanged base portion inserted into the
corresponding depression and assay flow therebetween according to some
embodiments;

[0140] FIG. 152 is a cross-sectional view illustrating the floating insert
comprising tapered members and the flanged base portion being forced down onto the
corresponding depression according to some embodiments;

[0141] FIGS. 153-155 are cross-sectional views illustrating the progressive
filling and release of assay from the filling apparatus illustrated in FIG. 145 according to

some embodiments;
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[0142] FIGS. 156 and 157 are cross-sectional views illustrating the filling and
release of assay from a filling apparatus comprising weight members according to some
embodiments;

[0143] FIG. 168 is a perspective view illustrating a filing apparatus
comprising a surface wire assembly and reservoir pockets according to some
embodiments;

[0144] FIG. 159 is a cross-sectional view illustrating the filling apparatus
comprising the surface wire assembly according to some embodiments;

[0145] FIGS. 160-162 are cross-sectional views illustrating the progressive
filling of a plurality of staging capillaries according to some embodiments;

[0146] FIG. 163 is a perspective view illustrating a filling apparatus
comprising a surface wire assembly, a reservoir trough, and absorbent member
according to some embodiments;

[0147] FIG. 164 is a perspective view illustrating the filling apparatus
comprising the surface wire assembly, the reservoir trough, and absorbent member
further comprising a sloping portion according to some embodiments;

[0148] FIG. 165 is a perspective view illustrating a filling apparatus
comprising a surface wire assembly, reservoir pockets, and absorbent members
according to some embodiments;

[0149] FIG. 166 is a perspective view Iillustrating the filing apparatus
comprising the surface wire assembly, reservoir pockets, and absorbent members
further comprising a sloping overflow channel portion according to some embodiments;

[0150] FIG. 167 is a perspective view illustrating a funnel member
comprising an assay chamber according to some embodiments;

[0151] FIG. 168 is a perspective view illustrating a funnel member
comprising multiple discrete assay chambers according to some embodiments;

[0152] FIG. 169 is a perspective view illustrating a funnel member
comprising multiple discrete assay chambers according to some embodiments;

[0153] FIG. 170 is a cross-sectional view illustrating a funnel member
comprising a tip portion according to some embodiments;

[0154] FIG. 171 is a cross-sectional view illustrating a funnel member
comprising a tip portion and a wiper member according to some embodiments;

[0155] FIG. 172 is a cross-sectional view illustrating a funnel member

comeprising a tip portion and a planar cavity according to some embodiments;
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[0156] FIG. 173 is a cross-sectional view illustrating a funnel member
comprising a tip portion and a wiper member spaced apart from the tip portion according
to some embodiments;

[0157] FIG. 174 is a bottom perspective view illustrating a funnel member
comprising multiple offset discrete assay chambers according to some embodiments;

[0158] FIG. 175 is a top plan view illustrating a funnel member comprising
multiple offset discrete assay chambers and one or more apertures according to some
embodiments;

[0159] FIG. 176 is a cross-sectional view illustrating a funnel member
comprising multiple offset discrete assay chambers and one or more apertures
according to some embodiments; ‘

[0160] FIG. 177 is a top perspective view illustrating a multipiece funnel
member comprising multiple offset discrete assay chambers and an internal siphon
passage according to some embodiments;

[0161] FIG. 178 is a cross-sectional view illustrating the multipiece funnel
member comprising multiple offset discrete assay chambers and the internal siphon
passage according to some embodiments;

[0162] FIG. 179 is an exploded top perspective view illustrating a mulfipiece
funnel member comprising portions separated generally vertically according to some
embodiments;

[0163] FIG. 180 is an exploded top perspective view illustrating a multipiece
funnel member comprising portions separated generally horizontally according to some
embodiments;

[0164] FIG. 181 is a cross-sectional view illustrating a sealing cover
according to some embodiments;

[0165] FIG. 182 is a perspective view illustrating a sealing cover roll
according to some embodiments;

[0166] FIG. 183 is a perspective view illustrating a manual sealing cover
applicator according to some embodiments;

[0167] FIG. 184 is a perspective view illustrating a fixture for use with a
manual sealing cover applicator according to some embodiments;

[0168] FIG. 185 is a perspective view, with portions illustrated in cross-
section, illustrating the manual sealing cover applicator according to some
embodiments;
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[0169] FIG. 186 is a side view, with portions illustrated in cross-section,
illustrating the manual sealing cover applicator in a closed position according to some
embodiments;

[0170] FIG. 187 is a side view, with portions illustrated in cross-section,
illustrating the manual sealing cover applicator in an opened position according to some
embodiments;

[0171] FIG. 188 is a perspective view illustrating an automated sealing cover
applicator employing a sealing cover roll according to some embodiments;

[0172] FIG. 189 is a perspective view, with portions removed for clarity,
illustrating the automated sealing cover applicator employing the sealing cover roll
according to some embodiments;

[0173] FIG. 190 is a cross-sectional view illustrating the automated sealing
cover applicator employing the sealing cover roll according to some embodiments;

[0174] FIG. 191 is a perspective view illustrating a sealing cover roll
cartridge according to some embodiments;

[0175] FIG. 192 is a cross-sectional view illustrating the sealing cover roll
cartridge according o some embodiments;

[0176] FIG. 193 is a perspective view, with portions removed for clarity,
illustrating the automated sealing cover applicator employing a single sheet cartridge
according to some embodiments;

[0177] FIG. 194 is a perspective view, with portions removed for clarity,
lllustrating a single sheet applicator assembly according to some embodiments;

[0178] FIG. 195 is a perspective view, with portions removed for clarity,
illustrating a single cover cartridge according to some embodiments;

[0179] FIG. 196 is an enlarged cross-sectional view illustrating the single
cover cartridge according to some embodiments;

[0180] FIG. 197 is an exploded perspective view illustrating the single cover
cartridge according to some embodiments;

[0181] FIGS. 198-201 are cross-sectional views illustrating progressive
steps of applying a single sealing cover to a microplate according to some
embodiments;

[0182] FIG. 202 is an exploded view illustrating an inverted configuration of a

pressure chamber according to some embodiments;
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[0183] FIG. 203 is a cross-sectional view illustrating section A-A of the
pressure chamber of FIG. 202 in combination with a thermocycler system according to
some embodiments;

[0184] FIG. 204 is a side view illustrating a clamp mechanism in a locked
condition according to some embodiments;

[0185] FIG. 205 is a side view illustrating a clamp mechanism in an unlocked
condition according to some embodiments;

[0186] FIG. 206 is a bottom perspective view illustrating a clamp mechanism
in a locked condition according to some embodiments;

[0187] FIG. 207 is a pneumatic diagram illustrating a pneumatic system for a
pressure chamber and a clamp mechanism according to some embodiments;

[0188] FIG. 208 is a perspective view illustrating the pneumatic system of
FIG. 207 according to some embodiments;

[0189] FIG. 209 is a flow diagram illustrating a method of clamping a
chamber to a thermocycler system according to some embodiments;

[0190] FIG. 210 is a flow diagram illustrating a method of performing a leak
test on a chamber according to some embodiments;

[0191] FIG. 211 is a flow diagram illustrating a method of unclamping a
chamber from a thermocycler system according to some embodiments;

[0192] FIG. 212 is a cross-sectional view illustrating an adjustable lens and
camera mount according to some embodiments; and

[0193] FIG. 213 is a flowchart illustrating a process for determining bias.

DESCRIPTION OF VARIOUS EMBODIMENTS

[0194] The following description of various embodiments is merely
exemplary in nature and is in no way intended to limit the present teachings,
applications, or uses. Although the present teachings will be discussed in some
embodiments as relating to polynucleotide amplification, such as PCR, such discussion
should not be regarded as limiting the present teaching to only such applications.

[0195] All literature and similar materials cited in this application, including
but not limited to, patents, patent applications, articles, books, treatises, and internet
web pages, regardless of the format of such literature and similar materials, are
expressly incorporated by reference in their entirety for any purpose. In the event that
one or more of the incorporated literature and similar materials differs from or
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contradicts this application, including but not limited to defined terms, term usage,
described techniques, or the like, this application controls.

[0196] The section headings and sub-headings used herein are for general
organizational purposes only and are not to be construed as limiting the subject matter

described in any way.

HIGH-DENSITY SEQUENCE DETECTION SYSTEM

[0197] In some embodiments, a high density sequence detection systeni
comprises one or more components useful in an analytical method or chemical reaction,
such as the analysis of biological and other materials containing polynucleotides. Such
systems are, in some embodiments, useful in the analysis of assays, as further
described below. High density sequence detection systems, in some embodiments,
comprise an excitation system and a detection system which can be useful for analytical
methods involving the generation and/or detection of electromagnetic radiation (e.g.,
visible, ultraviolet or infrared light) generated during analytical procedures. In some
embodiments, such procedures include those comprising the use of fluorescent or other
materials that absorb and/or emit light or other radiation under conditions that allow
quantitative and/or qualitative analysis of a material (e.g., assays among those
described herein). In some embodiments useful for polynucleotide amplification and/or
detection, a high density sequence detection system can further comprise a
thermocycler. In some embodiments, a high density sequence system can further
comprise microplate and components for, e.g., filling and handling the microplate, such
as a pressure clamp system. It will be understood that, although high density sequence
detection systems are described herein with respect to specific microplates, assays and
other embodiments, such systems and components thereof are useful with a variety of
analytical platforms, equipment, and procedures.

[0198] Referring to FIG. 1, a high-density sequence detection system 10 is
illustrated in accordance with some embodiments of the present teachings. In some
embodiments, high-density sequence detection system 10 comprises a microplate 20
containing an assay 1000 (see FIGS. 26 and 27), a thermocycler system 100, a
pressure clamp system 110, an excitation system 200, and a detection system 300
disposed in a housing 1008.

[0199] In some embodiments, assay 1000 can comprise any material that is
useful in, the subject of, a precursor to, or a product of, an analytical method or chemical
reaction. In some embodiments for amplification and/or detection of polynucleotides,
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assay 1000 comprises one or more reagents (such as PCR master mix, as described
further herein); an analyte (such as a biological sample comprising DNA, a DNA
fragment, cDNA, RNA, or any other nucleic acid sequence), one or more primers, one or
more primer sets, o;'le or more detection probes; components thereof; and combinations
thereof. In some embodiments, assay 1000 comprises a homogenous solution of a
DNA sample, at least one primer set, at least one detection probe, a polymerase, and a
buffer, as used in a homogenous assay (described further herein). In some
embodiments, assay 1000 can comprise an aqueous solution of at least one analyte, at
least one primer set, at least one detection probe, and a polymerase. In some
embodiments, assay 1000 can be an aqueous homogenous sofution. In some
embodiments, assay 1000 can comprise at least one of a plurality of different detection
probes and/or primer sets to perform multiplex PCR, which can be useful, for example,
when analyzing a whole genome (e.g., 20,000 to 30,000 genes, or more) or other large

numbers of genes or sets of genes.

MICROPLATE

[0200] In some embodiments, a microplate comprises a substrate useful in
the performance of an analytical method or chemical reaction. In some embodiments, a
microplate can comprise one or more material retention regions, configured to hold or
support a material (e.g., an assay, as discussed below, or other solid or liquid ) at one or
more locations on or in the microplate. In some embodiments, such material retention
regions can be wells; through-holes, hydrophilic spots or pads, and the like. In some
embodiments, such as shown in FIG. 2-19, material retention regions comprise wells, as
at 26. In some embodiments, such wells can comprise a feature on or in the surface of
the microplate wherein assay 1000 is contained at least in part by physical separation
from adjacent features. Such well features can include, in some embodiments,
depressions, indentations, ridges, and combinations thereof, in regular or irregular
shapes. In some embodiments a microplate is single-use, wherein it is filled or
otherwise used with a single assay for a single experiment or set of experiments, and is
thereafter discarded. In some embodiments, a microplate is muitiple-use, wherein it can
be operable for use in a plurality of experiments or sets of experiments.

[0201] Referring now to FIGS. 2-19, in some embodiments, microplate 20
comprises a substantially planar construction having a first surface 22 and an opposing
second surface 24 (see FIG. 12-19). First surface 22 comprises a plurality of wells 26
disposed therein or thereon. The overall positioning of the plurality of wells 26 can be
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referred to as a well array. Each of the plurality of wells 26 is sized to receive assay
1000 (FIGS. 26 and 27). As illustrated in FIGS. 26 and 27, assay 1000 is disposed in at
least one of the plurality of wells 26 and sealing cover 80 (FIG. 26) is disposed thereon
(as will be discussed herein). In some embodiments, one or more of the plurality of
wells 26 may not be completely filled with assay 1000, thereby defining a headspace
1006 (FIG. 26), which can define an air gap or other gas gap.

[0202] In some embodiments, the material retention regions of microplate 20
can comprise a plurality of reaction spots on the surface of the microplate. In such
embodiments, a reaction spot can be an area on the substrate which localizes, at least
in part by non-physical means, assay 1000. In such embodiments, assay 1000 can be
localized in sufficient quantity, and isolation from adjacent areas on the microplate, so
as to facilitate an analytical or chemical reaction (e.g., amplification of one or more
target DNA) in the material retention region. Such localization can be accomplished by
physical and chemical modalities, including, for example, physical containment of
reagents in one dimension and chemical containment in one or more other dimensions.

[0203] In some embodiments, the surface of the microplate 20 comprises an
enhanced surface which can comprise a physical or chemical modality on or in the
surface of the microplate so as to enhance support of, or filling of, assay 1000 in a
material retention region (e.g., a well or a reaction spot). Such modifications can include
chemical treatment of the surface, or coating the surface. In some embodiments, such
chemical treatment can comprise chemical treatment or modification of the surface of
the microplate so as to form relatively hydrophilic and hydrophobic areas. In some
embodiments, a surface tension array can be formed comprising a pattern of hydrophilic
sites forming reaction spots on a hydrophobic matrix, such that the hydrophilic sites can
be spatially segregated by hydrophobic regions. Reagents delivered to the array can be
constrained by surface tension difference between hydrophilic and hydrophobic sites.

[0204] In some embodiments, the chemical modality can comprise chemical
treatment or modification of the surface or other material of microplate 20 so as to affix
one or more components of assay 1000 to the microplate. In such embodiments, assay
1000 can be affixed to microplate 20, directly or indirectly, so that assay 1000 is
operable for analysis or reaction, but is not removed or otherwise displaced from the
microplate prior fo the analysis or reaction during routine handling of the microplate. In
some embodiments, assay 1000 can be affixed to the surface so as form a patterned
array (immobilized reagent array) of reaction spots. In some embodiments, an
immobilization reagent array can comprise a hydrogel affixed to the microplate. Such
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hydrogels can include, for example, cellulose gels, such as agarose and derivatized
agarose (e.g., low melting agarose, monoclonal anti-biotin agarose, and streptavidin
derivatized agarose); xanthan gels; synthetic hydrophilic polymers, such as crosslinked
polyethylene glycol, polydimethyl acrylamide, polyacrylamide, polyacrylic acid (e.g.,
cross-linked with dysfunctional monomers or radiation cross-linking), and micellar
networks; and combinations thereof.

[0205] In some embodiments, one or more components of assay 1000 can
be affixed to microplate 20 by covalent or non-covalent bonding to the surface of the
microplate. In certain embodiments, assay 1000 an be bonded, anchored or tethered to
a second moiety (immobilization moiety) which, in turn, can be anchored to the surface
of the microplate. In some embodiments, such anchoring is through a chemically
releasable or cleavable moeity, such that assay 1000 can be released or made
available for analysis or reaction after reacting with a cleaving reagent prior to, during, or
after the microplate assembly. Such release methods can include a variety of
enzymatic, or non-enzymatic means, such as chemical, thermal, or photolytic treatment.
In some embodiments, chemical moieties for immobilization moieties can include those
comprising carbamate, ester, amide, thiolester, (N)-functionalized thiourea,
functionalized maleimide, amino, disulfide, amide, hydrazone, streptavidin, avidin/biotin,
and gold-sulfide groups.

Microplate Footprint

[0206] With reference to FIGS. 2-19, microplate 20 generally comprises a
main body or substrate 28. In some embodiments, main body 28 is substantially planar.
In some embodiments, microplate 20 comprises an optional skirt or flange portion 30
disposed about a periphery of main body 28 (see FIG. 2). Skirt portion 30 can form a lip
around main body 28 and can vary in height. Skirt portion 30 can facilitate alignment of
microplate 20 on thermocycler block 102. Additionally, skirt portion 30 can provide
additional rigidity to microplate 20 such that during handling, filling, testing, and the like,
microplate 20 remains rigid, thereby ensuring assay 1000, or any other components,
disposed in each of the plurality of wells 26 does not contaminate adjacent wells.
However, in some embodiments, microplate 20 can employ a skirtless design (see
FIGS. 3-5) depending upon user preference.

[0207] In order to facilitate use with existing equipment, robotic implements,
and instrumentation, the footprint dimensions of main body 28 and/or skirt portion 30 of
microplate 20, in some embodiments, can conform to standards specified by the Society
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of Biomolecular Screening (SBS) and the American National Standards Institute (ANSI),
published January 2004 (ANSI/SBS 3-2004). In some embodiments, the footprint
dimensions of main body 28 and/or skirt portion 30 of microplate 20 are about 127.76
mm (5.0299 inches) in length and about 85.48 mm (3.3654 inches) in width. In some
embodiments, the outside corners of microplate 20 comprise a corner radius of about
3.18 mm (0.1252 inches). In some embodiments, microplate 20 comprises a thickness
of about 0.5 mm to about 3.0 mm. In some embodiments, microplate 20 comprises a
thickness of about 1.25 mm. In some embodiments, microplate 20 comprises a
thickness of about 2.25 mm. One skilled in the art will recognize that microplate 20 and
skirt portion 30 can be formed in dimensions other than those specified herein.

Plurality of Wells

[0208] In order fo increase throughput of genotyping, gene expression, and
other assays, in some embodiments, microplate 20 comprises an increased quantity of
the plurality of wells 26 beyond that employed in prior conventional microplates. In
some embodiments, microplate 20 comprises 6,144 wells. According to the present
teachings, microplate 20 can comprise, but is not limited to, any of the array

configurations of wells described in Table 1.

Table 1
‘ Tbtal Number of Wellé ' RowstdIurhns : Apprb)(iniate Weil Arerav \
Shinkbuiiolb = Mhisiso i nd B i
3| iex24 | 45x45mm
1536 | 32x48 T 225x2.06mm
3456 T 48k { “15x15mm
o4 64x96 | 1.125x1.125mm
13824 | oex1ad [ 0.75x075mm
SaETe | 1oz | 05625x0.5635mm
B5206 | 192288 | 0.375x0375mm
768 T 232 | 3x3mm |
e e e
1600 T x40 | iseaimm
__________ L L UL
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1792 | 32%56 5 961 714mm
2240 T 4086 | 1.8x1.714mm
S N U S isis
7o S 56x84 1.257x1.257mm
7776 [ 7xioe | txdmm
9600 ™ 80xi20 | 0.9x.09mm
11616 [ exizz | 0.818x0.818mm
16224 | 104x156 |  0.692x0.692mm
18816 Ti2x168 0.643x0.643mm
21600 | 120x180 | 0.6x0.6mm
57744 ; 136x204 0.529%0 529mm
304 | 1442186 | 05x05mm
34656 | 152028 | O4TAxOATAmm
38400 160x240 | 0.45x0.45mm
2336 [ 168252 |  0.429x0.429mm
JTVT. 176x264 " 0.409x0.409mm
50784 184x25 |  0.391x0.391mm

Well Shape

[0209] According to some embodiments, as illustrated in FIGS. 4 and 5,
each of the plurality of wells 26 can be substantially equivalent in size. The plurality of
wells 26 can have any cross-sectional shape. In some embodiments, as illustrated in
FIGS. 4, 26, and 27, each of the plurality of wells 26 comprises a generally circular rim
portion 32 (FIG. 4) with a downwardly-extending, generally-continuous sidewall 34 that
terminate at a bottom wall 36 interconnected to sidewall 34 with a radius. A draft angle
of sidewall 34 can be used in some embodiments. In some embodiments, the draft
angle provides benefits including increased ease of manufacturing and minimizing
shadowing (as discussed herein). The particular draft angle is determined, at least in
part, by the manufacturing method and the size of each of the plurality of wells 26. In
some embodiments, circular rim portion 32 can be about 1.0 mm in diameter, the depth
of each of the plurality of wells 26 can be about 0.9 mm, the draft angle of sidewall 34
can be about 1° to 5° or greater and each of the plurality of wells 26 can have a center-
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to-center distance of about 1.125 mm. In some embodiments, the volume of each of the
plurality of wells 26 can be about 500 nanoliters.

[0210] According to some embodiments, as illustrated in FIG. 5, each of the
plurality of wells 26 comprises a generally square-shaped rim portion 38 with
downwardly-extending sidewalls 40 that terminate at a bottom wall 42. A draft angle of
sidewalls 40 can be used. Again, the particular draft angle is determined, at least in
part, by the manufacturing method and the size of each of the piurality of wells 26. In
some embodiments of wells 26 of FIG. 5, generally square-shaped rim portion 38 can
have a side dimension of about 1.0 mm in length, a depth of about 0.9 mm, a draft angle
of about 1° to 5° or greater, and a center-to-center distance of about 1.125mm,
generally indicated at A (see FIG. 27). In some embodiments, the volume of each of the
plurality of wells 26 of FIG. 5 can be about 500 nanoliters. In some embodiments, the
spacing between adjacent wells 26, as measured at the top of a wall dividing the wells,
is less than about 0.5 m. In some embodiments, this spacing between adjacent wells 26
is about 0.25 mm.

[0211] In some embodiments, and in some configurations, the plurality of
wells 26 comprising a generally circular rim portion 32 can provide advantages over the
plurality of wells 26 comprising a generally square-shaped rim portion 38. In some
embodiments, during heating, it has been found that assay 1000 can migrate through
capillary action upward along edges of sidewalls 40. This can draw assay 1000 from
the center of each of the plurality of wells 26, thereby causing variation in the depth of
assay 1000. Variations in the depth of assay 1000 can influence the emission output of
assay 1000 during analysis. Additionally, during manufacture of microplate 20, in some
cases cylindrically shaped mold pins used to form the plurality of wells 26 comprising
generally circular rim portion 32 can permit unencumbered flow of molten polymer
thereabout. This unencumbered flow of molten polymer resulis in less deleterious
polymer molecule orientation. In some embodiments, generally circular rim portion 32
provides more surface area along microplate 20 for improved sealing with sealing cover
80, as is discussed herein.

Pressure Relief Bores

[0212] Referring now to FIGS. 6-9, in some embodiments, each of the
plurality of wells 26 of microplate 20 can comprise a pressure relief bore 44. In some
embodiments, pressure relief bore 44 is sized such that it does not initially fill with assay
1000 due to surface tension. However, when assay 1000 is heated during
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thermocycling, assay 1000 expands, thereby increasing an internal fiuid pressure in
each of the plurality of wells 26. This increased internal fluid pressure is sufficient to
permit assay 1000 to flow into pressure relief bore 44 as illustrated in FIG. 7, thereby
minimizing the pressure exerted on sealing cover 80. In some embodiments, each of
the plurality of wells 26 can have one or a plurality of pressure relief bores 44

[0213] In some embodiments, as illustrated in FIGS. 8 and 9, pressure relief
bore 44 can be offset within each of the plurality of wells 26 so that each of the plurality
of wells 26 can be filled with assay 1000 or other material 1004 via a spotting device
700 (FIG. 8) or a micro-piezo dispenser 702 (FIG. 9). In some embodiments, a top edge
46 of pressure relief bore 44 can be generally square and have minimal or no radius.
This arrangement can reduce the likelihood that assay 1000 or other material 1004 will
enter pressure relief bore 44 prior to thermocycling.

Through-Hole Wells

[0214] Turning now to FIGS. 10, 33, and 36, in some embodiments, each of
the plurality of wells 26 of microplate 20 comprises a plurality of apertures 48 being
sealed at least on one end by sealing cover 80. In some embodiments, each of the
plurality of apertures 48 is sealed on an opposing end with a foil seal 50, which can
have a clear or opaque adhesive. In these embodiments, foil seal 50 can be placed
against thermocycler block 102 to aid in thermal conductivity and distribution.

[0215] In some embodiments, a layer of mineral oil can be placed at the top
of each of the plurality of apertures 48 before, or as an alternative to, placement of
sealing cover 80 on microplate 20. In several of such embodiments, the mineral oil can
fill a portion of each of the plurality of apertures 48 and provide an optical interface and
can control evaporation of assay 1000.

Grooves

[0216] Referring to FIGS. 11-15, in some embodiments, microplate 20 can
comprise grooves 52 and grooves 54 disposed about a periphery of the plurality of wells
26. In some embodiments, grooves 52 can have depth and width dimensions generally
similar to the depth and width dimensions of the plurality of wells 26 (FIG. 12 and 13).
In some embodiments, grooves 54 can have depth and width dimensions less than the
depth and width dimensions of the plurality of wells 26 (FIGS. 14 and 15). In some
embodiments, as illustrated in FIG. 12, additional grooves 56 can be disposed at
opposing sides of microplate 20. In some embodiments, grooves 52, 54, and 56 can
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improve thermal uniformity among the plurality of wells 26 in microplate 20. In some
embodiments, grooves 52, 54, and 56 can improve the sealing interface formed by
sealing cover 80 and microplate 20. Grooves 52, 54, and 56 can also assist in
simplifying the injection molding process of microplate 20. In some embodiments, a
liquid solution similar to assay 1000 can be disposed in grooves 52, 54, and 56 to, in
part, improve thermal uniformity during thermocycling.

Alignment Features

[0217] In some embodiments, as illustrated in FIGS. 2, 3, 11, and 14,
microplate 20 comprises an alignment. feature 58, such as a corner chamfer, a pin, a
slot, a cut corner, an indentation, a graphic, or other unique feature that is capable of
interfacing with a corresponding feature formed in a fixture, reagent dispensing
eqUipment, and/or thermocycler. In some embodiments, alignment feature 58
comprises a nub or protrusion 60 as illustrated in FIG. 14. Additionally, in some
embodiments, alignment features 58 are placed such that they do not interfere with
sealing cover 80 or at least one of the plurality of wells 26. However, locating alignment
features 58 near at least one of the plurality of wells 26 can provide improved alignment
with dispensing equipment and/or thermocycler block 102.

Thermally Isolated Portion

[0218] In some embodiments, as illustrated in FIGS. 16-19, microplate 20
comprises a thermally isolated portion 62. Thermally isolated portion 62 can be
disposed along at least one edge of main body 28. Thermally isolated portion 62 can be
generally free of wells 26 and can be sized to receive a marking indicia 64 (discussed in
detail herein) thereon. Thermally isolated portion‘ 62 can further be sized to facilitate the
handling of microplate 20 by providing an area that can be easily gripped by a user or
mechanical device without disrupting the plurality of wells 26.

[0219] Still referring to FIGS. 16-19, in some embodiments, microplate 20
comprises a first groove 66 formed along first surface 22 and a second groove 68
formed along an opposing second surface 24 of microplate 20. First groove 66 and
second groove 68 can be aligned with respect to each other to extend generally across
microplate 20 from a first side 70 to a second side 72. First groove 66 and second
groove 68 can be further aligned upon first surface 22 and second surface 24 to define
a reduced cross-section 74 between thermally isolated portion 62 and the plurality of
wells 26. This reduced cross-section 74 can provide a thermal isolation barrier to
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reduce any heat sink effect introduced by thermally isolated portion 62, which might
otherwise reduce the temperature cycle of some of the plurality of wells 26.

Marking Indicia

[0220] In some embodiments, as illustrated in FIGS. 2, 16 and 17,
microplate 20 comprises marking indicia 64, such as graphics, printing, lithograph,
pictorial representations, symbols, bar codes, handwritings or any other type of writing,
drawings, etchings, indentations, embossments or raised marks, machine readable
codes (i.e. bar codes, etc.), text, logos, colors, and the like. In some embodiments,
marking indicia 64 is permanent.

[0221] In some embodiments, marking indicia 64 can be prinfed upon
microplate 20 using any known printing system, such as inkjet printing, pad printing, hot
stamping, and the like. In some embodiments, such as those using a light-colored
microplate 20, a dark ink can be used to create marking indicia 64 or vice versa.

[0222] In some embodiments, microplate 20 can be made of polypropylene
and have a surface treatment applied thereto to facilitate applying marking indicia 64. In
some embodiments, such surface treatment comprises flame treatment, corona
treatment, treating with a surface primer, or acid washing. However, in some
embodiments, a UV-curable ink can be used for printing on polypropylene microplates.

[0223] Still further, in some embodiments, marking indicia 64 can be printed
upon microplate 20 using a CO, laser marking system. Laser marking systems
evaporate material from a surface of microplate 20. Because CO, laser etching can
produce reduced color changes of marking indicia 64 relative to the remaining portions
of microplate 20, in some embodiments, a YAG laser system can be used to provide
improved contrast and reduced material deformation.

[0224] In some embodiments, a laser activated pigment can be added to the
material used to form microplate 20 to obtain improved contrast between marking indicia
64 and main body 28. In some embodiments, an antimony-doped tin oxide pigment can
be used, which is easily dispersed in polymers and has marking speeds as high as 190
inches per second. Antimony-doped tin oxide pigments can absorb laser light and can
convert laser energy to thermal energy in embodiments where indicia are created using
a YAG laser.

[0225] In some embodiments, marking indicia 64 can identify microplates 20
to facilitate identification during processing. Furthermore, in some embodiments,
marking indicia 64 can facilitate data collection so that microplates 20 can be positively
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identified to properly correlate acquired data with the corresponding assay. Such
marking indicia 64 can be employed as part of Good Laboratory Practices (GLP) and
Good Manufacturing Practices (GMP), and can further, in some circumstances, reduce
labor associated with manually applying adhesive labels, manually tracking microplates,
and correlating data associated with a particular microplate.

[0226] In some embodiments, marking indicia 64 can assist in alignment by
placing a symbol or other machine-readable graphic on microplate 20. An optical
sensor or optical eye 1491 (FIG. 204) can detect marking indicia 64 and can determine
a location of microplate 20. In some embodiments, such location of microplate 20 can
then be adjusted to achieve a predetermined position using, for example, a drive system
of high-density sequence detection system 10, sealing cover applicator 1100, or other
corresponding systems.

[0227] In some embodiments, the type (physical properties, characteristics,
etc.) of marking indicia employed on a microplate can be selected so as to reduce
thermal and/or chemical interference during thermocycling relative to what might
otherwise occur with other types of marking indicia (e.g., common prior indicia designs,
such as adhesive labels). For example, adhesive labels can, in some circumstances,
interfere (e.g., chemically interact) with one or more reagents (e.g., dyes) being used.

[0228] Referring to FIG. 2, in some embodiments, a radio frequency
identification (RFID) tag 76 can be used to electronically identify microplate 20. RFID
tag 76 can be attached or molded within microplate 20. An RFID reader (not illustrated)
can be integrated into high-density sequence detection system 10 to automatically read
a unique identification and/or data handling parameters of microplate 20. Further, RFID
tag 76 does not require line-of-sight for readability. It should be appreciated that RFID
tag 76 can be variously configured and used according to various techniques, such as
those described in commonly-assigned U.S. Patent Application No. , entitled
"SAMPLE CARRIER DEVICE |INCORPORATING RADIO FREQUENCY
IDENTIFICATION, AND METHOD" filed herewith (Attorney Docket No. 5010-193).

Multi-Piece Construction

[0229] In some embodiments, such as illustrated in FIGS. 59-63, microplate
20 can comprise a multi-piece construction. In some embodiments, microplate 20 can
comprise main body 28 and a separate cap portion 95 that can be connected with main
body 28. In some embodiments, cap portion 95 can be sized and/or shaped to mate
with main body 28 such that the combination thereof resuits in a footprint that conforms
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to the above-described SBS and/or ANSI standards. Alternatively, main body 28 and/or
cap portion 95 can comprise non-standard dimensions, as desired.

[0230] Cap portion 95 can be coupled with main body 28 in a variety of
ways. In some embodiments, cap portion 95 comprises a cavity 96 (FIG. 63), such as a
mortis, sized and/or shaped fo receive a support member 97, such as a tenon,
extending from main body 28 to couple cap portion 95 with main body 28. In some

embodiments, cavity 96 of cap portion 95 and support member 97 of main body 28 can

comprise an interference fit or other locking feature, such as a hook member, to at least
temporarily join main body 28 and cap portion 95 during assembly. In some
embodiments, support member 97 of main body 28 can comprise a cap alignment
feature 98 that can interface with a corresponding feature 99 on cap portion 95 to
properly align cap portion 95 relative to main body 28. In some embodiments, cap
portion 95 can comprise alignment feature 58 for use in later alignment of microplate 20
as described herein. In some embodiments, alignment feature 58 can be disposed on
main body 28 to reduce tolerance buildup caused by the interface of cap portion 95 and
main body 28.

[0231] In some embodiments, cap portion 95 can be formed directly on main
body 28, such as through over-molding. In such embodiments, main body 28 can be
placed within a mold cavity that generally closely conforms to main body 28 and defines
a cap portion cavity generally surrounding support member 97 of main body 28. Over-
molding material can then be introduced about support member 97 within cap portion
cavity to form cap portion 95 thereon.

[0232] In some embodiments, cap portion 95 comprises marking indicia 64
on any surface(s) thereon (e.g. top surface, bottom surface, side surface). In some
embodiments, cap portion 95 can comprise an enlarged print area thereon relative to
embodiments employing first groove 66 (FIG. 16-19). In some embodiments, cap
portion 95 can be made of a material different from main body 28. In some
embodiments, cap portion 95 can be made of a material that is particularly conducive to
a desired form of printing or marking, such as through laser marking. In some
embodiments, a laser-activated pigment can be added to the material used to form cap
portion 95 to obtain improved contrast between marking indicia 64 and cap portion 95.
In some embodiments, an antimony-doped tin oxide pigment can be used. In some
embodiments, cap portion 95 can be color-coded to aid in identifying a particular
microplate relative to others.
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[0233] In some embodiments, cap portion 95 can serve to provide a thermal
isolation barrier through the interface of cavity member 96 and support member 97 to
reduce any heat sink effect of cap portion 95 relative to main body 28 to maintain a
generally consistent temperature cycle of the plurality of wells 26. Cap portion 95 can
be made, for example, of a non-thermally conductive material, such as one or more of
those set forth herein, to, at least in part, help to thermally isolate cap portion 95 from
main body 28.

[0234] In some embodiments, cap portion 95 can serve to conceal any
injection molding gates coupled to support member 97 during molding. During
manufacturing, as such gates are removed from any product, aesthetic variations can
result. Any such aesthetic variations in main body 28 can be concealed in some
embodiments using cap portion 95. In some case, injection-molding gates can lead to a
localized increase in flourescence. In some embodiments, such localized increase in
flourescence can be reduced using cap portion 95.

Microplate Material

[0235] In some embodiments, microplate 20 can comprise, at least in part, a
thermally conductive material. In some embodiments, a microplate, in accordance with
the present teachings, can be molded, at least in part, of a thermally conductive material
to define a cross-plane thermal conductivity of at least about 0.30 W/mK or, in some
embodiments, at least about 0.58 W/mK. Such thermally conductive materials can
provide a variety of benefits, such as, in some cases, improved heat distribution
throughout microplate 20, so as to afford reliable and consistent heating and/or cooling
of assay 1000. In some embodiments, this thermally conductive material comprises a
plastic formulated for increased thermal conductivity. Such thermally conductive
materials can comprise, for example and without limitation, at least one of
polypropylene, polystyrene, polyethylene, polyethyleneterephthalate, styrene,
acrylonitrile, cyclic polyolefin, syndiotactic polystyrene, polycarbonate, liquid crystal
polymer, conductive fillers or plastic materials; and mixtures or combinations thereof. In
some embodiments, such thermally conductive materials include those known to those
skilled in the art with a melting point greater than about 130°C. For example, microplate
20 can be made of commercially available materials such as RTP199X104849,
COOLPOLY E1201, or, in some embodiments, a mixture of about 80%
RTP199X104849 and 20% polypropylene.
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[0236] In some embodiments, microplate 20 can comprise at least one
carbon filler, such as carbon, graphite, impervious graphite, and mixtures or
combinations thereof. In some cases, graphite has an advantage of being readily and
cheaply available in a variety of shapes and sizes. One skilled in the art will recognize
that impervious graphite can be non-porous and solvent-resistant. Progressively refined
grades of graphite or impervious graphite can provide, in some cases, a more consistent
thermal conductivity.

[0237] In some embodiments, one or more thermally conductive ceramic
fillers can be used, at least in part, to form microplate 20. In some embodiments, the
thermally conductive ceramic fillers can comprise boron nitrate, boron nitride, boron
carbide, silicon nitride, aluminum nitride, and mixtures or combinations thereof.

[0238] In some embodiments, microplate 20 can comprise an inert thermally
conductive coating. In some embodiments, such coatings can include metals or metal
oxides, such as copper, nickel, steel, silver, platinum, gold, copper, iron, titanium,
alumina, magnesium oxide, zinc oxide, titanium oxide, and mixtures thereof.

[0239] In some embodiments, microplate 20 comprises a mixture of a
thermally conductive material and other materials, such as non-thermally conductive
materials or insulators. In some embodiments, the non-thermally conductive material
comprises glass, ceramic, silicon, standard plastic, or a plastic compound, such as a

resin or polymer, and mixtures thereof to define a cross-plane thermal conductivity of

" below about 0.30 W/mK. In some embodiments, the thermally conductive material can

be mixed with liquid crystal polymers (LCP), such as wholly aromatic polyesters,
aromatic-aliphatic polyesters, wholly aromatic poly(ester-amides), aromatic-aliphatic
poly(ester-amides), aromatic polyazomethines, aromatic polyester-carbonates, and
mixtures thereof. In some embodiments, the composition of microplate 20 can comprise
from about 30% to about 60%, or from about 38% to about 48% by weight, of the
thermally conductive material.

[0240] The thermally conductive material and/or non-thermally conductive
material can be in the form of, for example, powder particles, granular powder, whiskers,
flakes, fibers, nanotubes, plates, rice, strands, hexagonal or spherical-like shapes, or
any combination thereof. In some embodiments, the microplate comprises thermally
conductive additives having different shapes to contribute to an overall thermal
conductivity that is higher than any one of the individual additives alone.

[0241] In some embodiments, the thermally conductive material comprises a

powder. In some embodiments, the particle size used herein can be between 0.10
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micron and 300 microns. When mixed homogeneously with a resin in some
embodiments, powders provide uniform (i.e. isotropic) thermal conductivity in all
directions throughout the composition of the microplate.

[0242] As discussed above, in some embodiments, the thermally conductive
material can be in the form of flakes. In some such embodiments, the flakes can be
irregularly shaped particles produced by, for example, rough grinding to a desired mesh
size or the size of mesh through which the flakes can pass. In some embodiments, the
flake size can be between 1 micron and 200 microns. Homogenous compositions
containing flakes can, in some cases, provide uniform thermal conductivity in all
directions.

[0243] In some embodiments, the thermally conductive material can be in
the form of fibers, also known as rods. Fibers can be described, among other ways, by
their lengths and diameters. In some embodiments, the length of the fibers can be, for
example, between 2 mm and 15 mm. The diameter of the fibers can be, for example,
between 1 mm and 5 mm. Formulations that include fibers in-the composition can, in
some cases, have the benefit of reinforcing the resin for improved material strength.

[0244] In some- embodiments, microplate 20 can comprise a material
comprising additives to promote other desirable properties. In some embodiments,
these additives can comprise flame-retardants, antioxidants, plasticizers, dispersing
aids, marking additives, and mold-releasing agents. In some embodiments, such
additives are biologically and/or chemically inert.

[0245] In some embodiments, microplate 20 comprises, at least in part, an
electrically conductive material, which can improve reagent dispensing alignment. In
this regard, electrically conductive material can reduce static build-up on microplate 20
so that the reagent droplets will not go astray during dispensing. In some embodiments,
a voltage can be applied to microplate 20 to pull the reagent droplets into a
predetermined position, particularly with a co-molded part where the bottom section can
be electrically conductive and the sides of the plurality of wells 26 may not be electrically
conductive. In some embodiments, a voltage field applied to the electrically conductive
material under the well or wells of interest can pull assay 1000 into the appropriate
wells.

[0246] In some embodiments, microplate 20 can be made, at least in part, of
non-electrically conductive materials. In some embodiments, non-electrically conductive

materials can at least in part comprise one or more of crystalline silica (3.0 W/mK),



10

15

20

25

30

35

WO 2006/102296 PCT/US2006/010171
30

aluminum oxide (42 W/mK), diamond (2000 W/mK), aluminum nitride (150-220 W/mK),
crystalline boron nitride (1300 W/mK), and silicon carbide (85 W/mK).

Microplate Molding

[0247] In some embodiments, microplate 20 can be molded by first extruding
a melt blend comprising a mixture of a polymer and one or more thermally conductive
materials and/or additives. In some embodiments, the polymer and thermally
conductive additives can be fed into a twin-screw extruder using a gravimetric feeder to
create a well-dispersed melt blend. In some embodiments, the extruded melt blend can
be transferred through a water bath to cool the melt blend before being pelletized and
dried. The pelletized melt blend can then be heated above its melting point by an
injection molding machine and then injected into a mold cavity. The moid cavity can
generally conform to a desired shape of microplate 20. In some embodiments, the
injection-molding machine can cool the injected melt biend to create microplate 20.
Finally, microplate 20 can be removed from the injection-molding machine.

[0248] In some embodiments, two or more material types of pellets can be
mixed together and the combination then placed in the injection molding machine to be
melt blended during the injection molding process. In some embodiments, microplate
20 can be molded by first receiving pellet material from a resin supplier; drying the pellet
material in a resin dryer; transferring the dried pellet material with a vacuum system into

a hopper of a mold press; molding microplate 20; trimming any resultant gates or flash;

and packaging microplate 20. In some embodiments, the mold cavity can be centrally

gated along the second surface 24 of microplate 20. In some embodiments, the mold
cavity can be gated along a perimeter of main body 28 and/or skirt portion 30 of
microplate 20.

MICROPLATE SPOTTING, FILLING, AND SEALING

[0249] In some embodiments, one or more devices can be used to facilitate
the placement of one or more components of assay 1000 within at least some of the
plurality of wells 26 of microplate 20.

Microplate Spotting
[0250] In some embodiments, as illustrated in FIG. 57, microplate 20 can be
preloaded with at least some component materials of assay 1000, such as reagents. In

some embodiments, as described further herein, such reagents can comprise at least
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one primer and at least one detection probe. In some embodiments, such reagents can
comprise elements facilitating analysis of a whole genome or a portion of a genome.
Still further, in some embodiments, such reagents can comprise buffers and/or additives
useful for coating, stability, enhanced rehydration, preservation, and/or enhanced
dispensing of reagents.

[0251] In some embodiments, such reagents can be delivered (e.g. spotted)
into at least one of the plurality of wells 26 of microplate 20 in very small, e.g. nanoliter,
increments using a spotting device 700 (FIG. 8). In some embodiments, spotting device
700 employs one or more piezoelectric pumps, acoustic dispersion, liquid printers,
micropiezo dispensers, or the like to deliver such reagents to each of the plurality of
wells.  In some embodiments, spotting device 700 employs an apparatus and method
like or similar to that described in commonly assigned U.S. Patent Nos. 6,296,702,
6,440,217, 6,579,367, and 6,849,127, issued to Vann et al.

[0252] According to some embodiments, in operation, as schematically
illustrated in FIG. 57, reagents, e.g. in an aqueous form or bead form, can be stored on
one or more storage plates 704 in a high-humidity storage unit 706. In some
embodiments, high-humidity storage unit 706 can comprise a relative humidity in the
range of about 70-100%. However, in some embodiments, high-humidity storage unit
706 can comprise a relative humidity in the range of about 70-85%. The bead form can
be like or similar to that described in commonly assigned U.S. Patent No. 6,432,719 to
Vann et al. Some of the plurality of storage plates 704 can be moved out of high-
humidity storage unit 706, as indicated by 708, and can be placed onto spotting device
700, as indicated by 710. A separate unspotted microplate 712 can then be moved out
of a low-humidity storage unit 714, as indicated by 716. In some embodiments, low-
humidity storage unit 714 can comprise a relative humidity in the range of about 0-30%.
Unspotted microplate 712 can then be placed on spotting device 700, as indicated by
718. Reagents from storage plate 704 can then be spotted onto at least some of the
plurality of wells 26 on unspotted microplate 712. Once at least some of the plurality of
wells 26 are spotted, the spotted microplate 720 can then be moved from spotting
device 700, as indicated by 722. Spotted microplate 720 can then be moved to an
optional quality-control station 724, as indicated by 726. After quality-control station
724, spotted microplate 720 can then be moved back to Iow-humidity storage unit 714,
as indicated by 728. This procedure of spotting microplates 20 can continue untif a
desired number (e.g. all) of microplates in storage unit 714 have been spotted with
reagents from storage plate 704. It should be noted that unspotted microplate 712 and
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spotted microplate 720 are each similar to microplate 20, however different numerals
are used for simplicity in the above description.

[0253] In some embodiments, the spots of reagents on spotted microplate
720 can be partially or fully dried down, as desired, in the low-humidity of storage unit
714. In some embodiments, storage unit 714 can also be heated to facilitate this drying.
Once the microplates from storage unit 714 have been spotted with reagents from
storage plate 704, storage plate 704 can be removed and designated as a used storage
plate 730. Used storage plate 730 can be removed from spotting device 700 as
indicated by 732. Used storage plate 730 can be returned to high-humidity storage unit
706 as indicated by 734. The process can continue as the next storage plate 704 is
moved out of high-humidity storage unit 706 and into spotting device 700. In some
embodiments, this next storage plate 704 can contain a different set of reagents. The
aforementioned process can then be repeated, as desired. This process can continue
until all of the plurality of wells 26 on spotted microplate 720 have been spotted or, in
some cases, a portion of the plurality of wells 26 have been spotted, while leaving the
remaining wells 26 empty.

[0254] It should be appreciated that this preloading process can vary as
desired to accommodate user needs. For instance, in some embodiments, the reagents
spotted in each of the plurality of wells 26 can be encapsulated with a material. Such
encapsulation can prevent or reduce moisture at room temperature from interacting with
the reagents. In some embodiments, each of the plurality of wells 26 can be spotted
several times with reagents, such as for muitiplex PCR. In some embodiments, these
multiple spotted reagents can form layers. In some embodiments of this preloading
process, primer sets and detection probes for a whole genome can be spotted from
storage plates 704 onto spotted microplate 720. In other embodiments, a portion of a
genome, or subsets of selected genes, can be spoited from source plates 704 onto
spotted microplate 720.

[0255] In some embodiments, spotted microplate 720 can be sealed with a
protective cover, stored, and/or shipped to another location. In some embodiments, the
protective cover is releasable from spotted microplate 720 in one piece without leaving
adhesive residue on spotted microplate 720. In some embodiments, the protective
cover is visibly different (e.g., a different color) from sealing cover 80 to aid in visual
identification and for ease of handling.

[0256] In some embodiments, the protective cover can be made of a
material chosen to reduce static charge generation upon release from spotted
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microplate 720. When it is time for spotted microplate 720 to be used, the package seal
can be broken and the protective cover can be removed from spotted microplate 720.
In some embodiments, the protective cover can be a pierceable film, a slitted film, or a
duckbilled closure to, at least in part, reduce contamination and/or evaporation. An
analyte (such a biological sample comprising DNA) can then be added to spotted
microplate 720, along with other materials such as PCR master mix, to form assay 1000
in at least some of the plurality of wells 26. Spotted microplate 720 can then be sealed
with sealing cover 80 as described above. High-density sequénce detection system 10
can then be actuated to collect and analyze data.

[0257] In some embodiments, the filling apparatus comprises a device for
depositing (e.g., spotting or spraying) of assay 1000 to specific wells, wherein one or
more of the plurality of wells 26 of microplate 20 contains a different assay material than
other wells 26 of microplate 20. In some embodiments, the device can include
piezoelectric pumps, acoustic dispersion, liquid printers, or the like. According to some
embodiments, a pin spotter can be employed, such as described in PCT Publication No.
WO 2004/018104. In some embodiments, a fiber and/or fiber-array spotter can be
employed, such as described in U.S. Patent No. 6,849,127

[0258] In some embodiments, the filling apparatus comprises a device for
depositing assay 1000 to a plurality of wells, wherein two or more wells contain the
same assay material. In some embodiments, microplate 20 comprises two more groups
of wells 26. Each of the groups of wells 26 can comprise a different assay material than
at least one other group of wells 26 on microplate 20.

Loading Distribution System

[0259] Referring to FIG. 64, a loading distribution system 800 comprising a
conveyer or a track 802 can be used to set up an expandable and flexible microplate
loading distribution system. For example, FIG. 64 depicts four dispensing devices 814,
816, 818, and 820, disposed adjacent a corresponding source plate and wash station
814a, 816a, 818a, and 820a, respectively. Dispensing devices 814, 816, 818, and 820
can each comprise a plurality of dispensers, for example, 24-dispensers, 48-dispensers,
96-dispensers, 384-dispensers. FIG. 81 is a perspective view illustrating dispensing
device 814 including a plurality of dispensers 868, for example, in a SBS standard
micro-titer format. One or more of dispensing devices 814, 816, 818, and 820 can
comprise, for example, the Aurora Scout MPD (MultiTip Piezo Dispenser) available from
Aurora Discovery as, for example, a 96-tip dispensing device and/or a 384-tip
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dispensing device. In some embodiments, the dispensing device can comprise at least
96 dispensing tips in loading distribution system 800. The dispensing device can
comprise, for example, at least 96 dispensing tips, at least 384 dispensing tips, at least
768 dispensing tips, at least 1536 dispensing tips, or more. The dispensing device can
comprise a plurality of dispensers and each dispenser can comprise a piezo-electric
dispenser. The dispensing device in loading distribution system 800 can comprise a
plurality of dispensers and a respective plurality of storage reservoirs. Each dispenser
can be designed to dispense a first volume of fluid per dispensing action, and each
reservoir can be adapted to store many times the first volume, for example, at least 15
times the first volume, at least 25 times the first volume, at least 50 times the first
volume, or at least 100 times the first volume.

[0260] In some embodiments, each of the plurality of dispensers can be
adapted to dispense about 100 nanoliters of liquid or fluid, per dispensing action. The
dispensing device can comprise a plurality of spotting devices. The dispensing devices
can comprise, for example, piezo-electric devices, acoustic devices, ink-jet devices,
pump-action devices, pin spotters, or the like, or a combination thereof.

[0261] In some embodiments, the number of dispensing devices 814, 816,
818, and 820 disposed around a conveyer 802 can be increased or decreased so as to
address a desired throughput target. In some embodiments, conveyer 802 can expand
(be lengthened) in an X-direction. This can allow more dispensing devices to be
disposed around conveyer 802. Conveyer 802 can comprise a track, for example,
SuperTrak™ available from ATS Automation Tooling Systems Inc. However, it should
be understood that other tracks can be used.

[0262] In some embodiments, loading distribution system 800 can comprise
a load position 806 on conveyer 802. Loading distribution system 800 can comprise an
unload position 808 on conveyer 802. Load position 806 and unload position 808 can,
according to some embodiments, be a same position along conveyer 802.

[0263] The plurality of stations can also include, for example, one or more of
an inspection station, a plurality of inspection stations, a tracking station, an identifying
tag reader station, or the like, as further described herein. According to some
embodiments and as further described below, the table described herein can comprise
a plurality of tables, with the number of tables, and corresponding carriages if used,
being greater than or equal to the number of processing stations. In some
embodiments, the plurality of processing stations in loading distribution system 800 can
comprise an inspection station adapted to check an alignment of a microplate on the
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table. The inspection station can comprise, for example, one or more of a camera, a
CCD, a laser, a pattern analyzer, an edge analyzer, and a combination thereof. The
plurality of processing stations can comprise, for example, an inspection station adapted
to perform a quality control analysis of a spot disposed on the microplate, wherein the
inspection station can comprise, for example, one or more of a camera, a CCD, a laser,
a pattern analyzer, an edge analyzer, and a combination thereof. In some
embodiments, loading distribution system 800 can further comprise, for example, a
tracking device adapted to track dispensation of fluid from the dispensing device. The
tracking device can track a microplate and be adapted to determine whether and which
Jocations of a microplate have been processed, spotted, or otherwise prepared. The
tracking device can, in some embodiments, be adapted to track the use of components
of an assay. The tracking device can be adapted, for example, to communicate with an
identifying tag reader or with an identifying tag to track the progress of a preparation
procedure, for example, to track loading and/or spotting operations at each of many
loading and/or spotting sites. The tracking device can be adapted to communicate with
machine indicia reader 804 and inspection station 810 illusirated in FIG. 64. In some
embodiments, a dispensing device can comprise a plurality of dispensing devices and
the tracking device can be adapted to track dispensation of fluids from each of the
dispensing devices to a microplate. Methods of tracking are further discussed in more
detail below.

[0264] In some embodiments, the plurality of processing stations can
comprise a tracking station, for example, an identifying tag reader station adapted to
read marking indicia 64 disposed on or in microplate 20. The identifying tag can be a
bar code, a two-dimensional barcode, or other marking indicia reader station adapted to
read the identifying tag. The reader station can comprise a reader device or apparatus
appropriate to the type of marking indicia employed, e.g., a bar code reader. The
identifying tag can, in some embodiments, be a radio frequency identification (RFID) tag
and the reader station can comprise a RFID reader. In some embodiments, a marking
indicia reader station in loading distribution system 800 can comprise one or more of a
bar code reader, a one-dimensional bar code reader, a two-dimensional bar code
reader, and an RFID reader. In some embodiments, a marking indicia reader station in
loading distribution system 800 can be adapted to read marking indicia on the same
surface of the microplate that can engage the table when the microplate is on the table.

[0265] In some embodiments, loading distribution system 800 can comprise
a machine indicia reader 804 disposed along conveyer 802. Machine indicia reader 804
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can, according to some embodiments, comprise a plurality of machine indicia readers,
one each disposed prior to every dispensing device along conveyer 802. In some
embodiments, machine indicia reader 804 can be disposed past load position 806 along
conveyer 802.

[0266] In some embodiments, a method of tracking a microplate is provided.
The method can comprise, for example, a first dispensing operation that comprises
spotting components of an assay to one or more locations or material retention regions
of a microplate, for example, one or more wells of a multiwell microplate, to form a
partially loaded microplate. Each well can be spotted with a different set of components
of a different respective assay. The method can comprise storing information about the
at least partially loaded microplate by writing information into a memory using a value of
the machine-readable identifier as an index. The method can comprise storing
information about the at least partially loaded microplate by writing information into a
memory that is addressable by a value associated with the machine-readable identifier.
The stored information can comprise information pertaining to the wells and which wells
have been spotted and with what respective components of an assay. By tracking such
information, subsequent dispensing operations can be directed fo wells that have not
been spotted and assay components that have not yet been spotted into respective
wells.

[0267] In some embodiments, the method of tracking can comprise
subjecting a microplate to two or more, for example, five or more, dispensing operations
and to two or more, for example, five or more, information reading steps with at least
one information reading step being conducted prior to or subsequent to each dispensing
operation. According o some embodiments, the method of tracking can comprise a
reading step followed by a plurality of dispensing operations at a respective plurality of
dispensing stations. The method can comprise storing information about the at least
partially loaded microplate by writing information to the radio frequency identification tag.
The method can comprise: reading information from a machine-readable identifier on a
microplate; subjecting the microplate to a first dispensing operation by a first multi-tip
dispenser to at least partially load one or more material retention regions of the
microplate and form an at least partially loaded microplate; storing information about the
at least partially loaded microplate; reading the information stored about the at least
partially loaded microplate; and determining, based on the information read about the at
least partially loaded microplate, whether to subject the microplate to a subsequent
dispensing operation by second multi-tip dispenser that differs from the first multi-tip
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dispenser. The determining can comprise determining that the at least partially loaded
microplate should be subjected to a subsequent dispensing operation, and the method
can then further comprise subjecting the microplate to an additional. dispensing
operation by the second multi-tip dispenser, to further load the microplate.

[0268] The method of tracking can be used in connection with a system
comprising a first multi-tip dispenser located at a first station, a second multi-tip
dispenser located at a second station, and a conveyer device connecting the two
stations. The method can comprise conveying the microplate from the first station to the
second station, along, on, or with, the conveyer device. The conveyer device can
comprise, for example, a track and/or a belt or chain. The conveyer device illustrated in
FIGS. 64 and 65 comprises a track along which a carriage and table can ride or
traverse.

[0269] The method of tracking can comprise, for example, reading the
information stored about the at least partially loaded microplate by reading the
information at a third station. The third station can be located between the first station
and the second station, along the conveyer device, or it can be located upstream or
downstream of both the first and second stations. The first station and the second
station can be located adjacent each other along a track and the method can comprise
disposing the microplate on a carriage and conveying the carriage along the track from
the first station to the second station.

[0270] In some embodiments, and as described further below, a system
controller 982 (FIG. 101) can manage and track microplates at various locations.
Locations for a microplate can comprise, for example, in one or more plate storage
units, in or on one or more tables, or in one or more jaws of one or more plate handling
devices. In some embodiments, system controller 982 (FIG. 101) can, for example,
manage and track microplates at various locations in loading distribution system 800
(FIGS. 64 and 65). Locations for a microplate can comprise, for example, in one or
more plate storage units, in or on one or more tables, or in one or more jaws of one or
more plate handling devices. In some embodiments, system controller 982 (FIG. 1 01)
can, for example, manage and track source plates at various locations in loading
distribution system 800 (FIGS. 64 and 65). Locations for a source plate can comprise,
for example, in a source plate storage unit like an incubator, in one or more source plate
holders, or in one or more grippers of one or more source plate handling devices.
System controller 982 described below with reference to FIG. 101 can also, for example,
track and trace the contents of one or more dispensers, each disposed in one or more
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respective dispensing devices. For example, system controller 982 can track and trace
the contents of one or more dispensers, each disposed in one or more respective
dispensing devices.

[0271] With reference to the perspective views of FIGS. 64 and 65, a
number of the above-described features of the present teachings can be seen
embodied in a high-throughput system for fabricating a microplate. Generally, conveyer
802 transports, in serial fashion, empty microplates from a hotel or storage unit 828 to a
position adjacent a load position 806. Handling device 830 places the microplate on a
table and carriage assembly for movement along conveyer 802. The microplate is then
moved by the table and carriage assembly along conveyer 802 to machine indicia
reader 804. The method of tracking can comprise scanning indicia on the bottom of the
microplate. This operation can serve, for example, to ensure that the card has been
properly placed on the table and to read identifying information into a control computer
(not illustrated). Next, the table translates the microplate to dispensing stations 820,
818, 816, 814, serially, for spotting operations. ‘

[0272] Having received components of an assay from the dispensing
stations, the microplate can then be advanced to a position below an inspection station
810 that inspects each well of the microplate for the presence of spotted components of
an assay. If the inspection operations indicate that the microplate has been properly
loaded with components of an assay, the microplate is then moved along conveyer 802
to an unload position 808 where the microplate can be unloaded, for example, by
handling device 830, and moved back to the storage unit 828. If a failure is indicated,
on the other hand, unloading at unload position 808 can comprise depositing the
microplate in a reject bin.

[0273] In a subsequent operation, for example, after a new set of respective
assay components has been aspirated or loaded in dispensing heads of dispensing
stations 820, 818, 816, and 814, a partially loaded microplate can again be moved by
handling device 830 onto a table of a carriage on conveyer 802, and then conveyed
again to machine indicia reader 804. The method of tracking can then comprise reading
information stored about the microplate as a result of previous quality control inspection
at inspection station 810 and indexed by marking indicia on the microplate. If further
spotting of assay components is required, the microplate can then be conveyed to
dispensing stations 820, 818, 816, 814 for further dispensing operations, this time with
the newly-loaded assay components. After the further dispensing operations, the
procedure can be repeated, starting, for example, with another quality control inspection
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at inspection station 810. Stored information corresponding to a marking indicia can be
compared to predetermined values to determine whether additional spotting is needed
or whether the microplate has been completely spoiied with all desired assay
components.

[0274]) According io some embodiments, the method of tracking can use a
control computer (not illustrated) that can integrate the operation of the various
assemblies, for example through a program written in an event driven language such as
LABVIEW.RTM. or LABWINDOWS.RTM. (National Instruments Corp., Austin, Tex.). In
particular, the LABVIEW software provides a high level graphical programming
environment for controlling instruments. U.S. Pat. Nos. 4,901,221; 4,914,568;
5,291,587; 5,301,301; 5,301,336; and 5,481,741 (each expressly incorporated herein in
its entirety by reference) disclose various aspects of the LABVIEW graphical
programming and development system. The graphical programming environment
disclosed in these patents allows a user to define programs or routines by block
diagrams, or "virtual instruments.” As this is done, machine language instructions are
automatically constructed which characterize an execution procedure corresponding to
the displayed procedure. Interface cards for communicating the computer with the motor
controllers are also available commercially, for example, from National Instruments
Corp.

[0275] In some embodiments, loading distribution system 800 can comprise
an inspection station 810 disposed along conveyer 802. Inspection station 810 can
comprise, according to some embodiments, a plurality of inspection stations, one
disposed after each dispensing device along conveyer 802. In some embodiments, a
single inspection station 810 -can be disposed after all the dispensing devices along
conveyer 802.

[0276] In some embodiments, loading distribution system 800 can comprise
a plate-handling device 830 disposed on a plate-handiing device pathway 832 to access
a storage unit 828 adapted to store microplates. Storage unit 828 can also be called a
hotel. Loading distribution system 800 can comprise a source plate-handling device
822. Source plate-handiing device 822 can be disposed on a source plate-handling
device pathway 824 to access a source plate storage unit 826 housing a plurality of
source plates (not illustrated). Source plate storage unit 826 can comprise an incubator,
for example, Kendro Cytomat 6001 available from Kendro Laboratory Products.
Storage unit 828 can comprise a hotel, for example, one or more 120 Nest Landscape
Carousels. Plate-handling device 830 and source plate-handling device 822 can each
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comprise a Select Compliant Articulated Robot Arm (SCARA) robot, respectively,
available, for example, from IAl America, Inc. The SCARA robots can be movable in 4-
axis or 5-axis. However, it should be understood that other robot mechanisms can be
used.

[0277] In some embodiments, loading distribution system 800 can comprise
a storage unit 828. Storage unit 828 can comprise a hotel, a carousel, or another rack
adapted to hold a plurality of microplates. In some embodiments, storage unit 828 can
be accessible by the plate-handling device so that the plate-handling device can retrieve
microplates, for example, one at a time, or store microplates therein, for example, one at
a time. Loading distribution system 800 can further comprise a plurality of microplates
arranged in the storage unit.

[0278] As illustrated in FIG. 65, in some embodiments, dispensing devices
814, 816, 818, and 820 can be disposed along conveyer 802 using a respective
dispensing device mount 814c, 816¢c, 818c, and 820c. Each dispensing device 814,
816, 818, and 820 can be disposed, for example, adjacent a respective alignment
station 814b, 816b, 818b, and 820b. Alignment stations 814b, 816b, 818b, and 820b
can be adapted to move a table (not illustrated) in a Y-direction.

[0279] In some embodiments, when an alignment station is not provided to
move a table in the Y-direction, a dispensing device can be moved in the Y-direction to
align a microplate disposed on the table with the dispensing device.

[0280] As illustrated in FIG. 66, in some embodiments, dispensing device
814 can comprise a plurality of dispensers 868. A carriage 874 can be disposed on

conveyer 802. Carriage 874 can be positioned under dispensers 868, when dispensing

of a fluid in or on microplate 20 is desired. Microplate 20 can be disposed on a table = .

872. Table 872 can comprise a vacuum chuck; see FIG. 80, adapted to hold microplate
20. Table 872 can move to align microplate with dispensers 868. Conveyer 802 can
translate carriage 874 away from the dispensing position. Carriage 874 can move along
conveyer 802.

[0281] In some embodiments, table 872 can be adapted to move along the
Y-axis and the alignment stage can be adapted to align the microplate with the
dispensing device. Table 872 can be adapted to be rotatable about the Y-axis direction.
As described herein, table 872 can comprise a vacuum chuck adapted to apply a
vacuum to a surface of a microplate when a microplate is disposed on the table.
Loading distribution system 800 can comprise a vacuum source in fluid communication

with the vacuum chuck. A vacuum retainment valve can be disposed in fluid
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communication with the vacuum chuck and can be adapted to maintain a vacuum
between the vacuum chuck and the surface of a microplate when a microplate is
disposed on the table, for example, when the vacuum chuck is not in fluid
communication with the vacuum source. Loading distribution system 800 can comprise
a vacuum detector adapted to verify the formation of a vacuum between the surface of a
microplate disposed on the table, and the vacuum chuck.

[0282] In some embodiments, loading distribution system 800 can further
comprise an accessory carriage configured to engage a source plate comprising a
source of fluids to be loaded into the spotting or other dispensing station. The
accessory carriage can be adapted to move the source plate to the dispensing station
for aspiration of the fluids from the source plate into the dispensing device. Loading
distribution system 800 can further comprise an incubator adapted to store the source
plate, for example, to keep it in a cooler and more humid environment relative to the
immediately surrounding atmosphere. Loading distribution system 800 can comprise a
source plate-handling device adapted to translate a source plate from the incubator to
the dispensing station. The incubator can comprisé a de-lidder adapted to remove a lid
from a source plate in loading distribution system 800. The de-lidder in loading
distribution system 800 can further be adapted to place a lid on a source plate.

[0283] In some embodiments, when carriage 874 is not positioned beneath
dispensing device 814, a source plate and wash pallet 864 can be positioned under
dispensing device 814. As illustrated in FIG. 91, source plate and wash pallet 864 can
comprise a washing tray 861 and a source plate holder 863. Source plate-handling
device 822 can pick-up and deposit a source plate 862 from source plate holder 863
using a gripper 823. Source plate 862 can be covered using a lid 860. Lid 860 can be
placed on source plate 862 by a de-lidder 858. De-lidder 858 can comprise a lifting
device 856 adapted to iift and hold lid 860. Source plate and wash pallet 864 can be
disposed on an elevator mechanism (not illustrated) to move source plate and wash
paliet 864 within range of dispensers 868. Source plate and wash pallet 864 can be in a
rest position or a washing position. While in a rest position, washing tray 861 can be
covered using a dust cover 866. Dust cover 866 can be hinged. In some embodiments,
loading distribution system 800 can further comprise a plurality of source plates in the
incubator, wherein the dispensing device comprises a plurality of multi-tip dispensing
heads, and the source plate handling device can be adapted to translate one or more of
the plurality of source plates from the incubator to each of the plurality of multi-tip

dispensing heads.
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. [0284] In FIG. 66(b), a washing tray can be disposed on a washing tray
pallet 865' adapted to elevate the washing tray under dispensers 868' of a dispensing
device 814'. A source plate 862' can be disposed on a source plate pallet 864' that can
be positioned under dispensing device 814'. Source plate-handling device 822' can
comprise dual end effectors to pick-up and deposit a source plate 862' on source plate
pallet 864'.

[0285] As illustrated in FIGS. 68(a)-(c), source plate and wash pallet 864 can
comprise washing tray 861 and holding source plate 862. As illustrated in FIGS. 68(a)-
(c) a dispensing device can comprise 96-fixed dispensers. FIG. 68(a) illustrates an
internal dispenser wash. Dispensers 868 can be immersed in a fluid disposed in
internal wash slots 878. FIG. 68(b) illustrates an external dispenser wash. Dispensers
868 can be immersed in a fluid disposed in external wash slots 876. FIG. 68(c)
illustrates aspiration by dispensers 868. The illustration depicts 96-dipsensers into a
384-well source plate. Each respective dispenser can be illustrated disposed in every
other well along every row and every column. In some embodiments, each dispensing
device can be adapted to be loaded by aspirating fluid from a fluid source. The fluid
source can be disposed in loading distribution system 800, for example, in the storage
unit or in a separate, second storage unit. Each storage unit can comprise an incubator.

[0286] As illustrated in FIG. 69, a ceiling mounted plate-handling device 830
can be adapted to retrieve microplate 20 from a plate storage unit 828. Plate-handling
device 830 can pick-up and remove microplate 20 from a table 872. Table 872 can be
moved along a conveyer 802. The ceiling mount configuration can provide for an
unobstructed range of motion by plate-handling device 830. The ceiling mount
configuration can provide clearance for an arm of plate-handiing device 830. Plate
storage unit 828 can be adapted to translate racks of microplates allowing plate-
handling device 830 to access microplates 20 stacked in each rack of plate storage unit
828. Plate storage unit 828 can provide environmental control. Plate storage unit 828
can be designed for mobility. Plate storage unit 828 can be designed for off-line
operator loading and unloading. Microplates 20 can be stored in plate storage unit 828
in a landscape orientation with respect to conveyer 802. Microplates 20 can be stored
in plate storage unit 828 in a portrait orientation with respect to conveyer 802.

[0287] In some embodiments, an interval required to unload and reload a
microplate from loading distribution system 800 can be a rate-limiting factor when
determining throughput of loading distribution system 800. A plate gripper, automated
and robotic, in combination with a carriage adapted to allow simultaneous or
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substantially simultaneous, unloading and reloading of microplates on the carriage, in a
minimum amount of time, can be provided.

[0288] Referring now to FIG. 70, a carriage 874 comprising a table 872 is
illustrated. Microplate 20 can be disposed on table 872. Carriage 874 can comprise
locating pins 882a, 882b, and 882c disposed on table 872. A ratchet 888 can be
disposed on table 872. As illustrated in FIG. 72, ratchet 888 can be spring-loaded by a
spring 910. When microplate 20 is disposed on table 872, spring 910 can secure
microplate 20 against locating pins 882a, 882b, and 882c. Spring 910 can be
automated. Spring 910 can be actuated and/or released by a manufacturing control
system. Spring 910 can be used to position microplate 20 on table 872, allowing
stations disposed along conveyer 902 to be correctly oriented. A self-conveyance
device 909 can propel carriage 874 around conveyer 802 (not illustrated). In some
embodiments, loading distribution system 800 can further comprise a conveyer on which
or with which the table and/or the alignment stage can be moved or translated. Loading
distribution system 800 can comprise a carriage, for example, that can ride on, along,
and/or with the conveyer. The carriage can be adapted to be translated to one or more
of the plurality of processing stations. The carriage can be adapted to translate the
table along the conveyer to one or more of the plurality of processing stations.

[0289] According to some embodiments, table 872 can comprise a plurality
of tables and the carriage can comprise a plurality of carriages each respectively
adapted to translate one or more of the plurality of tables. Each carriage can comprise
a self-conveyance device, for example, a translation motor or servomotor, and the
plurality of carriages can be disposed on or along a conveyer. In some embodiments,
each of the plurality of carriages can comprise a plurality of automated actuators and a
self-conveyance device, for example, wherein the self-conveyancé device can comprise
a conduit for transferring control signals to the plurality of automated actuators. The
conveyer can comprise a track, for example, in the form of a circle, oval, or other loop.
The loop can be endless.

[0290] In some embodiments, loading distribution system 800 can be
adapted to convey the table along the X-axis direction. The conveyance can be
repeatably positionable to within about 100 micrometers of a predefined location. A
conveyer can be used that serially translates one or more of a plurality of tables, for
example, with each table being disposed on a respective carriage. The plurality of
tables can be translated, for example, consecutively translated, to each of the plurality

of processing stations.
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[0291] In some embodiments, a vacuum line supply 890 can provide
communication from table 872 to a bellows 896. Bellows 896 can communicate with a
vacuum connection shoe 907.

[0292] In some embodiments, carriage 874 can comprise a mechanism to lift
or raise a first microplate, allowing a second microplate to be placed under the first
microplate. Carriage 874 that transports microplate 20 between stations of loading
distribution system 800 can comprise a set of grippers comprising a first cam 884 and a
second cam 886, which can hold up microplate 20 without microplate 20 resting on table
872 of carriage 874. First cam 884 and second cam 886 can be pivotally attached to
self-conveyance device 909. Table 872 of carriage 874 can move up and down
vertically. The normal resting position of table 872 can be at a midpoint of travel for
table 872, rather than a bottom point of travel for table 872. Table 872 normally rests on
a spring plunger 902 via a pin 898. Table 872 can be lifted off spring plunger 902 for an
upward motion. Table 872 can be forced down, in a downward motion, and depress pin
892 into spring plunger 902. The downward motion can allow first cam 884 and second
cam 886 to grab microplate 20 on table 872 and lift microplate 20 up off a surface. of
table 872.

[0293] In some embodiments, rollers 894 and 892 can be attached to first
cam 884 and second cam 886, respectively. A tripod 901 can be disposed in a linear
bearing 904. Linear bearing 904 can be disposed vertically. A travel of tripod 901 can
raise and/or lower table 872. A roller 906 can be attached to tripod 901.

[0294] FIG. 71 illustrates a spring 908 that holds table 872 of carriage 874
against one corner.

[0295] FIG. 73 illustrates a sectioned view of spring plunger 902 that holds
table 872 (not illustrated) at an intermediate position in the Z-axis. Table 872 can be
lifted off pin 898 to raise table 872 for dispensing or spring 912 can be overpowered to
depress table 872 for microplate swapping operation as described herein.

[0296] FIG. 74 is a perspective view illustrating an embodiment of a
pressure source 918 adapted to communicate with vacuum connection shoe 907.
Vacuum connection shoe 907 can comprise a port 920 on the opposite side that can
engage with a vacuum supply port 916 disposed in a frame 914 attached to conveyer
902. Bellows 896, or other means known in the art, can allow a flexible connection
between vacuum connection shoe 907 and table 872 that can move up and down, and

shift sideways.



10

15

20

25

30

35

WO 2006/102296 PCT/US2006/010171
45

[0297] In FIG. 74, vacuum connection shoe 907 can be disposed next to
vacuum port 916 on frame 914. When a carriage is at a station, for example, a loading
station, or a dispensing device station, a valve (not illustrated) opens where vacuum port
916 is disposed on frame 914. A vacuum retainment valve (not illustrated) can be
disposed on carriage 874 along bellow 896 or vacuum line supply 890.

[0298] In some embodiments, vacuum connection shoe 907 can be
elongated so that a vacuum connection is established before table 872 can reach the
stop position at a station. This elongated vacuum connection shoe can make a
significant difference in cycle time, as a final deceleration prior to stopping a carriage at
a station can be a large part of total transit time for a carriage.

[0299] FIG. 75 and 76 illustrate cam rails 922, 924 and a slotted rail 926
comprising a slot 930 for vertical motion of first cam 884 and second cam 886 and tripod
901, respectively. Cam rails 922, 924 can be attached to conveyer 802. Cam rails 922,
924 can control the timing of first cam 884 and second cam 886 when performing a grip
operation. Slotted rail 926 can control a drop operation of table 872. The two
operations can occur automatically during the motion of carriage 874. The two
operations can occur simultaneously or substantially simuitaneously. Carriage 874
transfer speed can take into consideration a use of cam rails 922, 924 and slotted rail
9