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CLAIMS

A system for analysis of a biological sample, casipg:

a mobile device configured to receive at leastiotegrated chip; an integrated
chip that performs a biological analysis of saiohpke; said mobile device and said
integrated chip together being configured to penfat least one of manipulation and
control of a molecule or a fluidic system on saitkgrated chip;

and a computer processor configured to receivedattteedback signals
corresponding to at least one nanoscale paraneeber ¢ontrolled under closed-loop
control, to thereby effect precision control otedst one parameter related to the
biological analysis of the biological sample on itegrated chip using closed loop
feedback control of the nanoscale parameter, salddical analysis including

extracting, optionally amplifying, and detectingedst one component of said sample.

The system of Claim 1, wherein said mobile deaid integrated chip, and said
processor are effective to precision control astleae of: fluid flow, fluid pressure,
temperature, tension on a nucleic acid, and coretin of at least one reagent, on said

integrated chip.

The system of Claim 1, wherein said integratég comprises:

an extraction module;

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

a biological sample detection module in fluid conmication with said nucleic
acid amplification module or said extraction mogdlaied

said portable control assembly is configured tapss said integrated chip to
analyze a biological sample loaded thereon by eyiudo

an extraction control module;

a nucleic acid amplification control module opeyatdbnnected to the extraction
control module; and

a biological sample detection control module.
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The system of Claim 3, wherein said extraction c@mhodule further comprises fluid
pressure generating means for generating suffitii@idtpressure to shear cells in the

biological sample loaded onto the integrated chip.

The system of Claim 3, wherein said extraction c@mhodule further comprises a

means for retaining or capturing magnetic particlesaid integrated chip.

The system of Claim 3, wherein the nucleic acid li#iogation control module is
configured to effect precision control of the niclacid amplification module of the
integrated chip.

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

configured to apply tension to nucleic acid strawihin said integrated chip.

The system of Claim 7, wherein said tension isiapplsing one or more of applying

mechanical tension, hydrodynamic tension or elecagnetic tension.

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

and a bacterial load in the biological sample.

A system for analysis of biological samples, cosipg:
a computer processor;
a hardware system that receives at least one attchip,
an integrated chip comprising:
a port for loading a biological sample and, optlyp@ne or more
reagents, onto the integrated chip;
a nucleic acid extraction module;
a nucleic acid amplification module, in fluid commeation with the
nucleic acid extraction module; and
a nucleic acid separation module, in fluid commatian with the nucleic
acid amplification module,
wherein one or more of said hardware system antistggrated chip are
configured to provide individually or in combinatioat least one of:

a nucleic acid extraction control module;
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a nucleic acid amplification control module; and
a nucleic acid detection control module;
said computer processor being configured to recae®ded feedback signals
corresponding to at least one nanoscale paraneeber ¢ontrolled under closed-loop
control, to thereby effect precision control ofedst one parameter related to the
biological analysis of the biological sample ordsategrated chip using closed loop
feedback control of the nanoscale parameter, salddical analysis including
extracting, optionally amplifying, and detectingedst one component of said sample
and
a means for generating fluid pressure for movinigast one of the biological
sample and a nucleic acid through the integratga ch

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

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

The system of Claim 10, wherein said system isiganéd to control a nanoscale
parameter that governs a reaction used to andigzkitlogical sample to within plus or
minus 10%, plus or minus 1%, plus or minus 0.1%s @r minus 0.01%, plus or minus
0.001% or plus or minus 0.0001%.

A method for analysis of biological samples, corsipg:

subjecting a biological sample to at least one of:

i) precision control of at least one parameter thaegts at least one of a
plurality of steps of the analysis of the biologisample using closed loop
control;

ii) precision control of at least one environmentadmerational parameter of
the analysis of biological sample using closed looptrol;

iii) precision control of extraction to provide an egteal nucleic acid
component of the biological sample using closeg loantrol;

iv) precision control of amplification to provide an glimon from the

extracted nucleic acid component using closed tmoyrol; and
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precision control of detection of the extractedleigcacid component
using closed loop control;
such that in each of i)—v) said precision contsol i
performed using a computer processor configured to
receive encoded feedback signals correspondingl¢ast
one nanoscale parameter to be precision controfiddr

closed-loop control of said nanoscale parameter.

14.  The method of Claim 13 comprising performing prieeiscontrol of at least one of: fluid

flow, fluid pressure, temperature, tension on deio@cid, and concentration of 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 avghrson who is the source of

the at least one biological sample; and

C) based on the at least one biomarker, determinitepat one of:

)

i)

ii)

a dosage of at least one drug to effect therap@#ettment of a disease
condition associated with the at least one bionrarke

a combination of a plurality of drugs to effectrdggeutic treatment of the
disease condition associated with the at leasbarearker; and

a determination of whether the person who is thecsoof the at least one
biological sample is a responder to a drug thefapthe disease
condition associated with the at least one bionrarke

16. The method of Claim 15 comprising determining asteone of:

)

i)

a dosage of at least one drug to effect therap@ettment of a disease
condition associated with the at least one bionrased
a combination of a plurality of drugs to effectrdyeeutic treatment of the

disease condition associated with the at leasbamearker;

wherein the at least one biomarker is specific $peific strain of a pathogen or

disease, or to a specific health or wellness candit
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The method of Claim 16, further comprising deteiimgruniquely at least one of the
dosage of the at least one drug and the combinatitre plurality of drugs based on the

specific strain.

The method of Claim 13, further comprising provglinformation relevant to the
condition of a subject, the condition being selédtem the group consisting of: sports
nutrition of the subject; diet of the subject; dritional allergy, deficiency, sensitivity or
intolerance of the subject; an inflammatory markatr)east one RNA marker for at least
one type of phenotypic expression in the subjestieminining at least one probiotic or
prebiotic that is deficient or altered in a micraie of the subject; a nucleic acid
indicative of a type or subtype of diabetes inghbject; a biomarker implicated in an

atherosclerotic process in the subject.

The method of Claim 13, further comprising diagngsiclassifying, or monitoring a

chronic disease via a nucleic acid marker.

The method of Claim 13, comprising performing atskeone of:
point-of-care detection of an infectious diseasa oancer;
drug monitoring;
precision or personalized medicine;
prevention of mother to child transmission;
using a device as a prognostic indicator of disease

using a device as a theragnostic device.

The method of Claim 20, comprising performing atskeone of: point-of-care detection

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

genotyping.

The method of Claim 20, wherein the infectious agsecomprises a hemorrhagic fever

or hepatitis.

A system for analysis of a biological samptemprising:

a mobile device configured to receive at least imbegrated chip; an integrated
chip that performs a biological analysis of saiohgke; said mobile device and said
integrated chip being configured to analyze a lgjigial sample loaded thereon, and

a computer processor configured to receive feedsagkals corresponding to at
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least one nanoscale parameter to be controlled rucldsed-loop control, to
thereby effect precision control of at least oneapeeter related to the biological
analysis of the biological sample on said integtathip using closed loop
feedback control of the nanoscale parameter, smiltdical analysis including
extracting, optionally amplifying, and detecting laast one component of said

sample.

The system of Claim 23, wherein said nanogualameter is selected from the group
consisting of: fluid flow, fluid pressure, tempargd, tension on a nucleic acid, and

concentration of at least one reagent.

The system of Claim 23, wherein said integratep comprises:
an extraction module;
a amplification module, in fluid communication tvisaid extraction module; and
a biological sample detection module in fluid coomeation with said

amplification module or said extraction module.

The system of Claim 25, wherein said compptecessor receives feedback signals from
at least one of said extraction module, said amptibn module, and said biological

sample detection module.

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

sample loaded onto the integrated chip.

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

retaining or capturing magnetic particles on satdgrated chip.

The system of Claim 26, wherein said comppitecessor receives feedback control
signals from said amplification module to effect@sion control of at least one

parameter of amplification module.

The system of Claim 29, wherein the amplifaramodule includes elements configured

to apply tension to nucleic acid strands withirdsategrated chip.

The system of Claim 30, wherein said amplifcsamodule is configured to apply said

tension mechanically, hydrodynamically, or electagmetically.
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32. The system of Claim 23, wherein said comppitecessor is further configured to

determine a viral load or a bacterial load in daalogical sample.

33. A system for analysis of biological samplesnprising:
an integrated chip, said integrated chip comprising
a port for loading a biological sample and, optlynane or more reagents,
onto the integrated chip;
an extraction module in fluid communication withdsport;
an amplification module in fluid communication witee nucleic acid
extraction module; and
a separation module, in fluid communication wite #mplification module;

a fluid pressure generator in fluid communicatiathvgaid integrated chip; and

a computer processor configured to receive feedbigrials from at least one of said
extractiomodule, said amplification module, or sségharation module, said feedback
signals corresponding to at least one nanoscaterer to be controlled under
closed-loop control, to effect precision controbbieast one parameter related to the
biological analysis of the biological sample ordsategrated chip using closed loop
feedback control of the nanoscale parameter, saiddical analysis including
extracting, optionally amplifying, and detectingedist one component of said

sample.

34. The system of Claim 33, wherein said systentinéu includes a biological sample
detection module, and said computer processorveséeedback signals from at least
one of said extraction module, said amplificatioodule, said separation module, and

said biological sample detection module.

35. The system of Claim 33, wherein said extractmdule further comprises fluid pressure
generating means for generating sufficient fluidssure to shear cells in the biological

sample loaded onto the integrated chip.

36. The system of Claim 35, wherein said extractmdule further comprises a means for

retaining or capturing magnetic particles on satdgrated chip.
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The system of Claim 36, wherein said compptecessor receives feedback control
signals from said amplification module to effect@sion control of at least one

parameter of said amplification module.

The system of Claim 33, wherein the amplifmamodule includes elements configured

to apply tension to nucleic acid strands withirdsategrated chip.

The system of Claim 38, wherein said ampliftmamodule is configured to apply said

tension mechanically, hydrodynamically, or electagmetically.

The system of Claim 33, wherein said comppitecessor is further configured to

determine a viral load or a bacterial load in daalogical sample.

A method for analyzing a biological samplengsa mobile device configured to receive
at least one integrated chip that is configuredralyze said biological sample,

comprising:

receiving feedback signals from said integrateg etia computer processor, said
feedback signals corresponding to at least onestah® parameter to be controlled
under closed-loop control, and said computer pmresffect precision control of
at least one parameter related to the biologinalysis of the biological sample
on said integrated chip using closed loop feedbewsktrol of the nanoscale
parameter, said biological analysis including ectiray, optionally amplifying, and

detecting at least one component of said sample.

The method of Claim 41, wherein said paranisteelected from the group consisting of:
fluid flow, fluid pressure, temperature, tensionsonucleic acid, and concentration of at

least one reagent.
The method of Claim 41, further comprising:

passing said sample into an extraction module éacah said integrated chip to

create a nucleic acid sample mixture;

passing said nucleic acid sample mixture into aldicgtion module on said
integrated chip, said amplification module in flgdmmunication with said

extraction module, to create an amplified nucleid anixture; and
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passing said amplified nucleic acid mixture intoi@ogical sample detection
module in fluid communication with said amplifiaati module or said extraction

module.

The method of Claim 43, further comprisingeieing feedback signals from at least one
of said extraction module, said amplification magjw@nd said biological sample

detection module, at said computer processor.

The method of Claim 43, further comprising @raing sufficient fluid pressure to shear

cells in the biological sample loaded onto thegrdaéed chip.

The method of Claim 43, further comprisingeihg or capturing magnetic particles on

said integrated chip.

The method of Claim 43, further comprisingeieing feedback control signals from said
amplification module at said computer processa@ftect precision control of at least one

nanoscale parameter of said amplification module.

The method of Claim 47, further comprising lgjpy tension to nucleic acid strands

using elements in said amplification module.

The method of Claim 48, wherein said ampltfa@amodule is configured to apply said

tension mechanically, hydrodynamically, or electagmetically.

The method of Claim 41, further comprisingedetining a viral load or a bacterial load

in said biological sample using said computer pssoe
A method for analysis of biological samplesnerising:

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

optionally, one or more reagents, onto an integrakep;

extracting nucleic acids using said biological skeemysing an extraction module,
said extraction module being in fluid communicatwith said port to create a

mixture of nucleic acids;
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amplifying at least one nucleic acid using saidtomg of nucleic acids using an
amplification module, said amplification module tgin fluid communication with

the nucleic acid extraction module to create angalifiucleic acids;

separating said nucleic acids using a separatiautepsaid separation module

being in fluid communication with the amplificatiomodule;

generating fluid pressure using a fluid pressuregator in fluid communication

with said integrated chip; and

receiving feedback signals from said integrateg eliia computer processor, said
feedback signals corresponding to at least onestah® parameter to be controlled
under closed-loop control, and said computer psmresffect precision control of at
least one parameter related to the biological @mabyf the biological sample on said
integrated chip using closed loop feedback comtfthe nanoscale parameter, said
biological analysis including extracting, optioyadimplifying, and detecting at least

one component of said sample.

The method of Claim 51, wherein said methathér includes a biological sample
detection module, and said computer processorveséeedback signals from at least
one of said extraction module, said amplificatioodule, said separation module, and

said biological sample detection module.

The method of Claim 51, wherein said extractioodule further comprises fluid pressure
generating means for generating sufficient fluidgsure to shear cells in the biological
sample loaded onto the integrated chip, and sataddurther includes generating fluid

pressure sufficient to shear said cells in saitbgioal sample.

The method of Claim 53, wherein said extractioodule further comprises a means for
retaining or capturing magnetic particles on satdgrated chip, and said method

includes retaining or capturing said magnetic phasi

The method of Claim 54, wherein said compptecessor receives feedback control
signals from said amplification module, and saidhrod further includes effecting
precision control of at least one parameter of aaiglification module using said

feedback control signals.
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The method of Claim 51, wherein the amplifmaimodule includes elements configured
to apply tension to nucleic acid strands withirdsategrated chip, and said method

includes applying tension so said nucleic acidnstsausing said elements.

The method of Claim 56, wherein said tenssompiplied mechanically,
hydrodynamically, or electromagnetically.

The method of Claim 51, further comprisinghgssaid computer processor to determine
a viral load or a bacterial load in said biologisample.



