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CLAIMS

A system for analysis of a biological sample, comprising:
a mobile device configured to receive at least one integrated chip, said

integrated chip being configured to analyze a biological sample loaded therghn, and

said mobile device and said integrated chip together being configured sugh that at

least one of:

i) a portable control assembly of the mobile device,
i) said integrated chip, and

iii)  aprocessor,

are effective to precision control at least one of: gjffat least one parameter that

governs at least one of a plurality of steps of the analyfls of the biological sample; b)

at least one action of extraction, amplification or dglection, or c) at least one

environmental or operational parameter of said ffitegrated chip.

The system of Claim 1, wherein said mobi} device and said integrated chip are

together configured such that at least ogf of: (i) said portable control assembly of the

mobile device, (i) said integrated chgh, and (iii) said processor, are effective to

precision control at least one of: @fiid flow, fluid pressure, temperature, tension on a

nucleic acid, and concentratiogfof at least one reagent, on said integrated chip.

The system of Claim 1, wferein said integrated chip comprises:

an extraction rgbdule;

aid portable control assembly is configured to process said integrated chip to
¢ a biological sample loaded thereon by employing:

an extraction control module;

a nucleic acid amplification control module operably connected to the
extraction control module; and

a biological sample detection control module.
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The system of Claim 3, wherein said extraction control module further comprises
fluid pressure generating means for generating sufficient fluid pressure to shear ce

in the biological sample loaded onto the integrated chip.

The system of Claim 3, wherein said extraction control module further corgfrises a

means for retaining or capturing magnetic particles on said integrated c

The system of Claim 3, wherein the nucleic acid amplification cong6l module is

configured to effect precision control of the nucleic acid amplifigation module of the

integrated chip.

The system of Claim 6, wherein the nucleic acid amplifigfation control module is

configured to apply tension to nucleic acid strands wighin said integrated chip.

The system of Claim 7, wherein said tension is gfplied using one or more of applying

mechanical tension, hydrodynamic tension orglectromagnetic tension.

The system of Claim 1, wherein at least ghe of said mobile device and said integrated
chip are configured, individually or igfLombination, to quantify at least one of a viral

load and a bacterial load in the bio}fgical sample.

A system for analysis of biolgfical samples, comprising:

a hardware system gfiat receives at least one integrated chip,

nucleic acid extraction module;
a nucleic acid amplification module, in fluid communication with the
+ yficleic acid extraction module; and

a nucleic acid separation module, in fluid communication with the
nucleic acid amplification module,
wherein one or more of said hardware system and said integrated chip are

configured to provide individually or in combination, at least one of:
a nucleic acid extraction control module;

a nucleic acid amplification control module; and
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a nucleic acid detection control module;
at least one of the nucleic acid extraction module, nucleic acid amplificatig,

module, nucleic acid separation module, nucleic acid extraction control modul

being configured to provide precision control,
a means for generating fluid pressure for moving at least one gffthe biological

sample and a nucleic acid through the integrated chip.

The system of Claim 10, wherein one or more of said hardwag#system and said
integrated chip are configured to provide, individuvally or igffombination, at least one
of: a means for retaining or capturing magnetic beads; agneans for fluorescence
detection; a data storage or processing device; a devig configured to transfer data
wirelessly; a means for displaying data; a processjffg unit for storing and executing

instructions.

The system of Claim 10, wherein said sygfm is configured to control a parameter that
governs a reaction used to analyze theflological sample to within plus or minus 10%,
plus or minus 1%, plus or minus 0.}#%, plus or minus 0.01%, plus or minus 0.001% or

plus or minus 0.0001%.

A method for analysis of bigfogical samples, comprising:

subjecting a biolgfical sample to at least one of:

i) isifn control of at least one parameter that governs at least one of a

parameter of the analysis of bioloigical sample

precision control of extraction to provide an extracted nucleic acid
component of the biological sample;

precision control of amplification to provide an amplicon from the
extracted nucleic acid component; and

precision control of detection of the extracted nucleic acid component.
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14, The method of Claim 13 comprising performing precision control of at least one of:
fluid flow, fluid pressure, temperature, tension on a nucleic acid, and concentratio

at least one reagent, on said integrated chip.

15.  The method of claim 14, further comprising:

a) detecting a nucleic acid from the biological sample;

b) determining at least one biomarker associated with a person yho is the source

of the at least one biological sample; and
c) based on the at least one biomarker, determining at leagfone of:

i) a dosage of at least one drug to effect therapglitic treatment of a disease

condition associated with the at least one Jfiomarker;

ii) a combination of a plurality of drugs tgfeffect therapeutic treatment of
the disease condition associated wit)f the at least one biomarker; and
iil)  adetermination of whether the pgffson who is the source of the at least

one biological sample is a respfonder to a drug therapy for the disease

condition associated with e at least one biomarker.

16.

or disease, or to a gbecific health or wellness condition.

17.  The method gffClaim 16, further comprising determining uniquely at least one of the
at least one drug and the combination of the plurality of drugs based on

¢ strain.

18.  Thyfmethod of Claim 13, further comprising providing information relevant to the
ondition of a subject, the condition being selected from the group consisting of:
sports nutrition of the subject; diet of the subject; a nutritional allergy, deficiency,
sensitivity or intolerance of the subject; an inflammatory marker, at least one RNA

marker for at least one type of phenotypic expression in the subject; determining at
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least one probiotic or prebiotic that is deficient or altered in a microbiome of the
subject; a nucleic acid indicative of a type or subtype of diabetes in the subject; a

biomarker implicated in an atherosclerotic process in the subject.

19.  The method of Claim 13, further comprising diagnosing, classifying, or

chronic disease via a nucleic acid marker.

20,  The method of Claim 13, comprising performing at least one of:
point-of-care detection of an infectious disease or a cancgf;
drug monitoring;
precision or personalized medicine;
prevention of mother to child transmission;
using a device as a prognostic indicator of digfase; and

using a device as a theragnostic device.

21.  The method of Claim 20, comprising perforgfing at least one of: point-of-care

detection of an HIV strain, point-of-care IV viral load determination and point-of-

care HIV genotyping,

22.  The method of Claim 20, whereirghe infectious disease comprises a hemorrhagic

fever or hepatitis.

_ 23, A method for analysis of Yfological samples, comprising: o

a) providing at leght one integrated chip, said integrated chip comprising:

chip, said portable control assembly comprising:

a protein extraction control module; and

a protein detection control module operably connected with the protein
extraction module; and

tivating the portable control assembly to effect extraction and detection of protein from the
iological sample loaded onto said integrated chip.
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A system for analysis of a biological sample, comprising:

a mobile device configured to receive at least one integrated chip, said integrated
chip being configured to analyze a biological sample loaded thereon, and said mobile
device and said integrated chip together being configured such that at least one of:

1) a portable control assembly of the mobile device,

ii) said integrated chip, and

ilil}  aprocessor,

are effective to precision control at least one parameter that governs at least one of

a plurality of steps of the analysis of the biological sample using closed loop control.

The system of Claim 1, wherein said mobile device and said integrated chip are together
configured such that at least one of: (i) said portable control assembly of the mobile
device, (ii) said integrated chip, and (iii) said processor, are effective to precision control
at least one of: fluid flow, fluid pressure, temperature, tension on a nucleic acid, and

concentration of at least one reagent, on said integrated chip.

The system of Claim 1, wherein said integrated chip comprises:

an extraction module;

a nucleic acid amplification module, in fluid communication with an extraction
module;

a biological sample detection module in fluid communication with said nucleic
acid amplification module or said extraction module; and

said portable control assembly is configured to process said integrated chip to

analyze a biological sample loaded thereon by employing:

an extraction control module;

a nucleic acid amplification control module operably connected to the extraction
control module; and

a biological sample detection control module.

The system of Claim 3, wherein said extraction control module further comprises fluid
pressure generating means for generating sufficient fluid pressure to shear cells in the

biological sample loaded onto the integrated chip.

The system of Claim 3, wherein said extraction control module further comprises a

means for retaining or capturing magnetic particles on said integrated chip.
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The system of Claim 3, wherein the nucleic acid amplification control module is
configured to effect precision control of the nucleic acid amplification module of the

integrated chip.

The system of Claim 6, wherein the nucleic acid amplification control module is

configured to apply tension to nucleic acid strands within said integrated chip.

The system of Claim 7, wherein said tension is applied using one or more of applying

mechanical tension, hydrodynamic tension or electromagnetic tension.

The system of Claim 1, wherein at least one of said mobile device and said integrated
chip are configured, individually or in combination, to quantify at least one of a viral load

and a bacterial load in the biological sample.

A system for analysis of biological samples, comprising:
a hardware system that receives at least one integrated chip,
said integrated chip comprising:
a port for loading a biological sample and, optionally, one or more
reagents, onto the integrated chip;
a nucleic acid extraction module;
a nucleic acid amplification module, in fluid communication with the
nucleic acid extraction module; and
a nucleic acid separation module, in fluid communication with the nucleic

acid amplification module,

wherein one or more of said hardware system and said integrated chip are
configured to provide individually or in combination, at least one of:
a nucleic acid extraction control module;
a nucleic acid amplification control module; and
a nucleic acid detection control module;
at least one of the nucleic acid extraction module, nucleic acid amplification
module, nucleic acid separation module, nucleic acid extraction control module, nucleic
acid amplification control module, and nucleic acid detection control module, being
configured to provide precision control of at least one parameter that governs at least one

of a plurality of steps of the analysis of the biological sample using closed loop control;
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a means for generating fluid pressure for moving at least one of the biological

sample and a nucleic acid through the integrated chip.

The system of Claim 10, wherein one or more of said hardware system and said
integrated chip are configured to provide, individually or in combination, at least one of:
a means for retaining or capturing magnetic beads; a means for fluorescence detection; a
data storage or processing device; a device configured to transfer data wirelessly; a

means for displaying data; a processing unit for storing and executing instructions.

The system of Claim 10, wherein said system is configured to control a parameter that
governs a reaction used to analyze the biological sample to within plus or minus 10%,
plus or minus 1%, plus or minus 0.1%, plus or minus 0.01%, plus or minus 0.001% or

plus or minus 0.0001%.

A method for analysis of biological samples, comprising:

subjecting a biological sample to at least one of:

1) precision control of at least one parameter that governs at least one of a
plurality of steps of the analysis of the biological sample using closed loop
control;

i1) precision control of at least one environmental or operational parameter of
the analysis of bioloigical sample using closed loop control;

iii)  precision control of extraction to provide an extracted nucleic acid
component of the biological sample using closed loop control;

iv)____precision control of amplification to_provide_ an amplicon from the

14.

15.

extracted nucleic acid component using closed loop control; and
V) precision control of detection of the extracted nucleic acid component

using closed loop control.

The method of Claim 3 comprising performing precision control of at least one of; fluid
flow, fluid pressure, temperature, tension on a nucleic acid, and concentration of at least

one reagent, on said integrated chip.

The method of claim 4, further comprising:
a) detecting a nucleic acid from the biological sample;
b) determining at least one biomarker associated with a person who is the source of

the at least one biological sample; and
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c) based on the at least one biomarker, determining at least one of:
i) a dosage of at least one drug to effect therapeutic treatment of a disease
condition associated with the at least one biomarker;
i1) a combination of a plurality of drugs to effect therapeutic treatment of the
disease condition associated with the at least one biomarker; and
iii)  adetermination of whether the person who is the source of the at least one
biological sample is a responder to a drug therapy for the disease

condition associated with the at least one biomarker.

The method of Claim 5 comprising determining at least one of:
1) a dosage of at least one drug to effect therapeutic treatment of a disease
condition associated with the at least one biomarker; and
i1) a combination of a plurality of drugs to effect therapeutic treatment of the
disease condition associated with the at least one biomarker;
wherein the at least one biomarker is specific to a specific strain of a pathogen or

disease, or to a specific health or wellness condition.

The method of Claim 6, further comprising determining uniquely at least one of the
dosage of the at least one drug and the combination of the plurality of drugs based on the

specific strain.

The method of Claim 3, further comprising providing information relevant to the

condition of a subject, the condition being selected from the group consisting of: sports

19.

20.

intolerance of the subject; an inflammatory marker, at least one RNA marker for at least
one type of phenotypic expression in the subject; determining at least one probiotic or
prebiotic that is deficient or altered in a microbiome of the subject; a nucleic acid
indicative of a type or subtype of diabetes in the subject; a biomarker implicated in an

atherosclerotic process in the subject.

The method of Claim 3, further comprising diagnosing, classifying, or monitoring a

chronic disease via a nucleic acid marker.

The method of Claim 3, comprising performing at least one of:
point-of-care detection of an infectious disease or a cancer;

drug monitoring;

nutrition of the subject; diet of the subject; a nutritional allergy, deficiency, sensitivityor
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precision or personalized medicine;
prevention of mother to child transmission;
using a device as a prognostic indicator of disease; and

using a device as a theragnostic device.

21.  The method of Claim 20, comprising performing at least one of: point-of-care detection

of an HIV strain, point-of-care HIV viral load determination and point-of-care HIV

genotyping.

22.  The method of Claim 20, wherein the infectious disease comprises a hemorrhagic fever

or hepatitis.

23. A method for analysis of biological samples, comprising:
a) providing at least one integrated chip, said integrated chip comprising:
a protein extraction module; and
a protein detection module, in fluid communication with the protein
extraction module,
b) loading the at least one biological sample onto the at least one integrated chip;
c) operably connecting a portable control assembly with at least one integrated chip,
said portable control assembly comprising:
a protein extraction control module; and
a protein detection control module operably connected with the protein
extraction module; and

activating the portable control assembly to effect extraction and detection of protein from |

the biological sample loaded onto said integrated chip using closed loop control.
24. A system for analysis of a biological sample, comprising:

a mobile device configured to receive at least one integrated chip, said integrated
chip being configured to analyze a biological sample loaded thereon, and a
computer processor configured to receive feedback signals corresponding to at
least one parameter to be controlled under closed-loop control, to effect precision
control at least one oft a) at least one parameter that governs at least one of a
plurality of steps of the analysis of the biological sample; or b) at least one action

of extraction, amplification or detection.
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The system of Claim 24, wherein said parameter is selected from the group consisting of:
fluid flow, fluid pressure, temperature, tension on a nucleic acid, and concentration of at

least one reagent.
The system of Claim 24, wherein said integrated chip comprises:
an extraction module;
a amplification module, in fluid communication with said extraction module; and

a biological sample detection module in fluid communication with said

amplification module or said extraction module.

The system of Claim 26, wherein said computer processor receives feedback signals from
at least one of said extraction module, said amplification module, and said biological

sample detection module.

The system of Claim 26, wherein said extraction module further comprises fluid pressure
generating means for generating sufficient fluid pressure to shear cells in the biological

sample loaded onto the integrated chip.

The system of Claim 26, wherein said extraction module further comprises a means for

retaining or capturing magnetic particles on said integrated chip.

The system of Claim 26, wherein said computer processor receives feedback control
signals from said amplification module to effect precision control of at least one

parameter of amplification module.

The system of Claim 30, wherein the amplification module includes elements configured

32.

33.

34.

to apply tension to nucleic acid strands within said integrated chip.

The system of Claim 31, wherein said amplification module is configured to apply said

tension mechanically, hydrodynamically, or electromagnetically.

The system of Claim 24, wherein said computer processor is further configured to

determine a viral load or a bacterial load in said biological sample.
A system for analysis of biological samples, comprising:
an integrated chip, said integrated chip comprising:

a port for loading a biological sample and, optionally, one or more reagents,

onto the integrated chip;
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an extraction module in fluid communication with said port;

an amplification module in fluid communication with the nucleic acid

extraction module; and
a separation module, in fluid communication with the amplification module;
a fluid pressure generator in fluid communication with said integrated chip; and

a computer processor configured to receive feedback signals from at least one of said
extractiomodule, said amplification module, or said separation module, said feedback
signals corresponding to at least one parameter to be controlled under closed-loop
control, to effect precision control at least one of: a) at least one parameter that
governs at least one of a plurality of steps of the analysis of the biological sample; or

b) at least one action of extraction, amplification or detection.

The system of Claim 34, wherein said system further includes a biological sample
detection module, and said computer processor receives feedback signals from at least
one of said extraction module, said amplification module, said separation module, and

said biological sample detection module.

The system of Claim 34, wherein said extraction module further comprises fluid pressure
generating means for generating sufficient fluid pressure to shear cells in the biological

sample loaded onto the integrated chip.

The system of Claim 36, wherein said extraction module further comprises a means for

retaining or capturing magnetic particles on said integrated chip.

38.

39.

40.

41.

The system of Claim 37, wherein said computer processor receives feedback control
signals from said amplification module to effect precision control of at least one

parameter of said amplification module.

The system of Claim 34, wherein the amplification module includes elements configured

to apply tension to nucleic acid strands within said integrated chip.

The system of Claim 39, wherein said amplification module is configured to apply said

tension mechanically, hydrodynamically, or electromagnetically.

The system of Claim 34, wherein said computer processor is further configured to

determine a viral load or a bacterial load in said biological sample.
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A method for analyzing a biological sample using a mobile device configured to receive
at least one integrated chip that is configured to analyze said biological sample,

comprising:

receiving feedback signals from said integrated chip at a computer processor, said
feedback signals corresponding to at least one parameter to be controlled under
closed-loop control, and said computer processor effect precision control at least
one of a) at least one parameter that governs at least one of a plurality of steps of
the analysis of the biological sample, or b) at least one action of extraction,

amplification or detection, in response to said feedback signals.

The method of Claim 42, wherein said parameter is selected from the group consisting of:
fluid flow, fluid pressure, temperature, tension on a nucleic acid, and concentration of at

least one reagent.
The method of Claim 42, further comprising:

passing said sample into an extraction module located on said integrated chip to

create a nucleic acid sample mixture;

passing said nucleic acid sample mixture into a amplification module on said
integrated chip, said amplification module in fluid communication with said

extraction module, to create an amplified nucleic acid mixture; and

passing said amplified nucleic acid mixture into a biological sample detection
module in fluid communication with said amplification module or said extraction

module . _ _ _

45.

46.

47.

48.

The method of Claim 44, further comprising receiving feedback signals from at least one
of said extraction module, said amplification module, and said biological sample

detection module, at said computer processor.

The method of Claim 44, further comprising generating sufficient fluid pressure to shear

cells in the biological sample loaded onto the integrated chip.

The method of Claim 44, further comprising retaining or capturing magnetic particles on
said integrated chip.

The method of Claim 44, further comprising receiving feedback control signals from said
amplification module at said computer processor to effect precision control of at least one

parameter of said amplification module.
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The method of Claim 48, further comprising applying tension to nucleic acid strands

using elements in said amplification module.

The method of Claim 49, wherein said amplification module is configured to apply said

tension mechanically, hydrodynamically, or electromagnetically.

The method of Claim 42, further comprising determining a viral load or a bacterial load

in said biological sample using said computer processor.
A method for analysis of biological samples, comprising:

loading said biological sample into a port for loading a biological sample and,

optionally, one or more reagents, onto the integrated chip;

extracting nucleic acids using said biological sample using an extraction module,
said extraction module being in fluid communication with said port to create a

mixture of nucleic acids;

amplifying at least one nucleic acid using said mixture of nucleic acids using an
amplification module, said amplification module being in fluid communication with

the nucleic acid extraction module to create amplified nucleic acids;

separating said nucleic acids using a separation module, said separation module

being in fluid communication with the amplification module;

generating fluid pressure using a fluid pressure generator in fluid communication

with said integrated chip; and

receiving feedback signals from said integrated chip at a computer processor, said

53.

feedback signals corresponding to at least one parameter to be controlled under
closed-loop control, and said computer processor effect precision control at least one
of a) at least one parameter that governs at least one of a plurality of steps of the
analysis of the biological sample, or b) at least one action of extraction, amplification

or detection, in response to said feedback signals.

The method of Claim 52, wherein said method further includes a biological sample
detection module, and said computer processor receives feedback signals from at least
one of said extraction module, said amplification module, said separation module, and

said biological sample detection module.
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The method of Claim 52, wherein said extraction module further comprises fluid pressure
generating means for generating sufficient fluid pressure to shear cells in the biological
sample loaded onto the integrated chip, and said method further includes generating fluid

pressure sufficient to shear said cells in said biological sample.

The method of Claim 54, wherein said extraction module further comprises a means for
retaining or capturing magnetic particles on said integrated chip, and said method

includes retaining or capturing said magnetic particles.

The method of Claim 55, wherein said computer processor receives feedback control
signals from said amplification module, and said method further includes effecting
precision control of at least one parameter of said amplification module using said

feedback control signals.

The method of Claim 52, wherein the amplification module includes elements configured
to apply tension to nucleic acid strands within said integrated chip, and said method

includes applying tension so said nucleic acid strands using said elements.

The method of Claim 57, wherein said tension is applied mechanically,

hydrodynamically, or electromagnetically.

The method of Claim 52, further comprising using said computer processor to determine

a viral load or a bacterial load in said biological sample.




