CLAIMS

I A system for sequencing one or more polynucleotides, the gfstem
comprising:
a) a stage configured to hold a solid substrate having on¢ or more

polynucleotides attached thereto;

b) a fluid direction system for controllably moving one o) nore reagents
having tluorescent labels into contact with the polynucleotides;

¢) a temperature control system for regulating a tempers fire of at feast one of
the solid substrate and the reagents;

d) an illumination system for exciting the f1 uotescgnt labels via total internal
reflection (TIR), the illumination system comprising at leaS'ne excitation faser coupled
to a multimode optical fiber having an index of refract] a said at least one excitation
laser comprising one of (a) an excitation laser that upfed te the multimode optical
fiber and (b} multiple excitation lasers coupled th:gh a fiberoptic device and to the
multimode optical fiber, wherein the index of retion of the multimode optical fiber is
dynamically changed to obtain a substantially illumination footprint;

e) a detector component con ﬂgad to be proximal to the solid substrate for
detecting fluorescence produced from Leitation of the fluorescent labels by the
illumination system; and . |

f) a computer system op ably coupled to the detector component wherein
the computer system comprises an zstmction set for acquiring Mluorescence images from

the detector component,
2, The systemdf claim I, wherein the mounting stage is movable and is
configured to move the dolid substrate distal to the detector component in order for the

lelmperature control syftem to regulate the temperature of the solid substrate.

3. THE system of claim 1, wherein the solid substrate comprises a flowcell

having one ot ghore fluidic channels in which the polynucleotides are attached.

-73-




4, The system of claim 1, wherein the solid substrate comprises gjiss,

silicon, or plastic.

5. ‘The system according to claim 1, wherein said solid substratefis an array

of beads.

6. The system of claim 1, wherein the reagents comprife components to

extend a second sequence complementary Lo the one or more polynugieotides.

7. The system according to claim 6, wherein said feagents are fluorescently

labeled nucleoside triphosphates.

8. The system according to claim 6, whergfh said reagents are fluorescently

labeled oligonucleotides,

9. The system of claim [, whetgin the illumination system comprises

multiple excitation lasers coupled through the Aultimode optical fiber.

10.  The system according to glaim 1, wherein said multimode optical fiber is

physically deformed to obtain the sub.mia!ly uniform illumination footprint.

1. The system accopfing to claim 10, wherein said physical deformation

includes squeezing the multimgfle optical fiber.

12, The systenyfaccording to claim |, wherein said dynamically changing the

index of refraction inclyfles vibrating the multimode optical fiber.

3. Th ystem of claim 1, wherein the detector component comprises a CCD

camera.
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4. The system of claim 1, wherein said detector component comprises gwo

CCD cameras.

[5. The system of claim 1, wherein said detector component coghrises four

CCD cameras.

16. The system of claim [, wherein the detector componeny [urther comprises
one or more optic filters appropriate (o a fluorescence emissionfof the fluorescently
labeled reagent and to one or more wavelength of light from thy at fcast one excitation

laser,

17. The system of claim I, whercin the detgltor component comprises an

autofocus mechanism.

18, The system of claim | comprisingfAwo fluidics stations for operating on

two floweells simultancousty.

(9. The system of claim 1, whérein the illumination system comprises two
excitation lasers coupled through a fibegbptic device, wherein said two excitation lasers

illuminate at least part of' a same arca. /

20, The system of cjaim 16, wherein the reagents include four different
nucleotides having respectivé fluorescent fabels, the detector component further
comprises four optic filtgfs appropriate to a fluorescence emission of the four

fluorescently labeled nucléotides and to the wavelength of fight from the lasers.

2. The ggstem of claim 19, wherein said two excitation lasers emit at a

wavelength of 532/hm and 660 nm, respectively.
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22, 'The system of claim 3, wherein the floweell comprises a channel layer ghd
a cover layer that is overlaid upon the channel layer, the channel layer includipf the

fluidic channel, the cover layer having an inlet or outlet 1o the fluidic channel,

23, The system of ¢laim 22, whetein the flowcell comprises pfotosensitive

glass.

24, The system of claim 3, wherein the fluidic channel hg§ one or more inlets
at a first end of the channel and one or more outlets at a sccond ghd of the channel, the
inlets and outlets being located with respect to each other t¢f facilitate maintaining a

unitorm flow of a liquid through the fluidic channel,

25, The system of claim |, wherein said myfitimode optical fiber includes a
core having one of a rectangular or square shape to pybvide a rectangular or square beam

shape.

26. The system of claim 1, wherejf the illumination system is configured (o
provide an autofocus spot that is detected by the deteetor, the computer system using the

autofocus spot to focus the detector,

27.  The system of claim £, wherein the polynucleotides comptise nucleic acid
clusters and the reagents compris ‘bases having the fluorescent labels, each nucleic acid
cluster including a plurality single~stranded DNA fragments having a common
sequence; and :

wherein the fluid direction system, the temperature control system, the
iifumination system, thyf detector component, and the compuler system cooperate with

one another to perforgh a DNA sequencing cyele including the steps of:




{tit) capturing an image of emitted fluorescence from the nucleic acifl

clusters; and
(i1} identifying the base incorporated onto the DNA fragments/of the
nucleic acid clusters based upon the emitied fluorescence from the Ny fleic acid
clusters:
(iv) removing the fluorescent labels from the bases.
28.  'The system of claim 27, wherein the base is one of fgy 4 types of bases, the

bases of each type having a unique fluorophore.

29.  The system of claim 27, wherein the comppfter system is configured to

repeat steps (i)-(iv} to determine the sequences of the DN fragments.

30.  The system of claim [, wherein the rghgents include four different bases in
which cach base has a different fluorescent label/the illumination system including first
and second lasers, each of the first and seconddasers exciting two of the four fluorescent

labels so that the four fluorescent labels are gxcited by the first and second lasers.

31, The system of claim 3Q/urther comprising four different optical filters for
selecting fluorescence emission Wherein two of the four Flters have a narrower
bandwidth than the other two of jfie four filters,

. The system Af claim 3 wherein the fluid direction system comprises 4

(%]
b

pump placed after the fi -v to pull reagents into the floweell,

33, TheAystem of claim 27 wherein the detector is a CCD cameta and a
density of acid clusters recorded on the CCD camera is about 5,000 to 50,000
clusters per nyiflion pixels.

: The system of claim [ wherein the index of refraction is changed at a
frequghcy faster than an image acquisition time.
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35, The system of claim | wherein dynamically changing the index/
refraction causes scrambling of modes of the multimode fiber to average light futput
from the multimode fiber,

36, The system of claim 1 wherein the multimode optical fibér includes a
cote, the core being shaped so that the iHumination footprint matche/a shape of the

detector component.

37, The system of claim [ further comprising the substrate having the
one or more polynucleotides attached thereto.

f the system comprising:

38, A system for imaging biological substance;

a) a stage configured to hold a solid that is configured to have one

ot more biological substances attached thereto;

b) an ilflumination system comprising' least one excitation laser coupled to
a multimode optical fiber having an index of rgfraction, said at [east one excitation laser
comprising one of (a) an excitation laser coupled to the multimode optical fiber
and (b) muitiple excitation lasers coud through a fiberoptic device and (o the
multimode optical fiber, wherein the ing fx of refraction is dynamically changed to obtain
a substantially uniform illumination tprint or the solid substrate;
c) a detector compoy tnt for detecting light emissions produced from
excitation of the biological subsy ccs; and

d) a computer sm operably coupled to the detector component wherein
the computer system comyy fses an instruction set for acquiting images from the detector
component.

39.  The gystem of claim 38 further comprising:

e) a fluid direction system for controllably moving one or more reagents into

contact with th¢ biological substances; and
a temperature control system for regulating the temperature of at least one

£l substrate and the reagents.
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40,  The system of claim, 38 whetein the biological substances
polynucleotides, and the iflumination system, the fluid direction system, the temp
control system, the detector component, and the computer system cooperate
another to perform multiple sequencing cyeles. '

41.  The system of claim 38, wherein said multimode ()pticallber includes a
core having one of a rectangular or square shape to provide a rectangyar or square beam
shape.

42, The system of claim 38, wherein the muitimo optical fiber includes a
core, the core being shaped so that the illumination footpyfnt matches a shape of the

detector component,




CLAIMS
1. A system for sequencing one or more polynucleotides, the system comprising:

a) a stage configured to hold a solid substrate comprising one or more

polynucleotides attached thereto;

b) a fluid direction system for controllably moving one or more reagents having

fluorescent labels into contact with the polynucleotides;

c) a temperature control system for regulating a temperature of at least one of the

solid substrate and the reagents;

d) an illumination system for exciting the fluorescent labels via total internal
reflection (TIR), the illumination system comprising a multimode optical fiber that provides
an illumination beam having multiple optical modes, wherein the optical modes of the
illumination beam are scrambled by changing an index of refraction of the optical fiber to
obtain a substantially uniform illumination footprint, wherein the index of refraction is

dynamically changed,

e) a detector component configured to be proximal to the solid substrate for
detecting fluorescence produced from excitation of the fluorescent labels by the illumination

system;

0 a computer system operably coupled to the detector component wherein the
computer system comprises an instruction set for acquiring fluorescence images from the

detector component.

2. The system of claim 1, wherein the solid substrate can be moved distal to the
detector component in order for the temperature control system to regulate the temperature of

the solid substrate.

3. The system of claim 1, wherein the solid substrate comprises a flowcell having

one or more fhuidic channels in which the polynucleotides are attached.

4, The system of claim 1, wherein the solid substrate comprises glass, silicon, or

plastic.
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5. The system according to claim 1, wherein said solid substrate is an array of

beads.

6. The system of claim 1, wherein the reagents comprise components to extend a

second sequence complementary to the one or more polynucleotides.

7. The system according to claim 6, wherein said reagents are fluorescently

labeled nucleoside triphosphates.

8. The system according to claim 6, wherein said rcagents are fluorescently

labeled oligonucleotides.

9. The system of claim 1, wherein the illumination system comprises at least one

excitation laser coupled through the optical fiber.

10.  The system according to claim 9, wherein said optical fiber is physically

deformed to obtain the uniform illumination footprint.

11. The system according to claim 10, wherein said physical deformation is
squeezing.

12. The system according to claim 10, wherein said physical deformation is
vibrating.

13, The system of claim 1, wherein the detector component comprises a CCD
camera.

14. The system of claim 1, wherein said detector component comprises two CCD
cameras.

15.  The system of claim 1, wherein said detector component comprises four CCD
cameras.

16.  The system of claim 1, wherein the detector component further comprises one

or more optic filters appropriate to the fluorescence emission of the fluorescently labeled

reagent and to one or more wavelength of light from the laser.

17.  The system of claim 1, when the detector component comprises an autofocus

mechanism,
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18.  The system of claim 1 comprising two fluidics stations for operating on two

flowceells simultaneously.

19.  The system of claim 1, wherein the illumination system comprises two

excitation lasers that illuminate at least part of the same area.

20, The system of claim 16, wherein the reagents include four different reagents
having respective fluorescent labels, the detector component further comprises four optic
filters appropriate to the fluorescence emission of the four fluorescently labeled reagents and

to the wavelength of light from the lasers.

21.  The system of claim 19, wherein said lasers emit at a wavelength of 532 nm
and 660 nm.
22.  The system of claim 3, wherein the flowcell comprises a channel layer and a

cover layer that is overlaid upon the channel layer, the channel layer including the fluidic

channel, the cover layer having a through-hole that provides access to the fluidic channel.

23, The system of claim 22, wherein the channel layer comprises photosensitive

glass.

24, The system of claim 3, wherein the fluidic channel has one or more inlet ports
at a first end of the channel and one or more outlet ports at a second end of the channel, the
inlet and outlet ports being located with respect to each other to facilitate maintaining a

uniform flow of a liquid through the fluidic channel.

25,  The system of claim 9, wherein said fiber includes a core having a

substantially rectangular cross-sectional shape.

26.  The system of claim 1, wherein the illumination system is configured to
provide an autofocus spot that is detected by the detector component, the computer system

using the autofocus spot to focus the detector component.

27.  The system of claim 1, wherein the polynucleotides comprise DNA clusters
and the reagents comprise bases having the fluorescent labels, each DNA cluster including a

plurality of single-stranded DNA fragments having a common sequence; and
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wherein the fluid direction system, the temperature control system, the illumination
system, the detector component, and the computer system cooperate with one another to

perform a DNA sequencing cycle including the steps of:

(1) incorporating at least one base onto the DNA fragments of the DNA

clusters;
(11) illuminating the DNA clusters to excite the fluorescent labels of the bases;
(i1i) capturing an image of emitted fluorescence from the DNA clusters; and

(iii) identifying the base incorporated onto the DNA fragments of the DNA

clusters based upon the emitted fluorescence from the DNA clusters;
(iv) removing the fluorescent labels from the bases.

28.  The system of claim 27, wherein the base is one of four types of bases, the

bases of each type having a unique fluorescent label.

29.  The system of claim 27, wherein the computer system is configured to repeat

steps (1)-(iv) to determine the sequences of the DNA fragments.

30.  The system of claim 1, wherein the reagents include four different bases in
which each base has a different fluorescent label, the illumination system including first and
second lasers, each of the first and second lasers exciting two of the four fluorescent labels so

that the four fluorescent labels are excited by the first and second lasers.

31.  The system of claim 30 further comprising four different optical filters for
selecting the fluorescence emission wherein two of the four filters have a narrower bandwidth

than the other two of the four filters.

32.  The system of claim 3 wherein the fluid direction system comprises a pump

placed atter the flowceell to pull reagents through the flowcell.

33.  The system of claim 27 wherein the detector component is a CCD camera and
a density of DNA clusters recorded on the CCD camera is 5,000 to 50,000 clusters per
million pixels.
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