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IMPROVED METHODS FOR FORENSIC DNA QUANTITATION

GOVERNMENT FUNDING

The U.S. Government has a paid-up license in this invention and the right in

limited circumstances to require the patent owner to license others on reasonable terms

as provided for by the terms of (Grant No. NIJ 2008-DN-BX-K009) awarded by the

National Institutes of Justice, Office of Justice Programs, US Department of Justice.

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application Serial

No. 61/268,770, filed June 15, 2009, entitled "Improved Methods for Forensic DNA

Quantitation," by Selden et al., which is incorporated herein by reference.

FIELD OF INVENTION

Described herein are inventive methods and devices for nucleic acid

quantification and, in particular, to microfluidic methods and devices for nucleic acid

quantification.

BACKGROUND

Nucleic acid quantification is a critical or desirable step in a wide variety of

assays and applications. For example, nucleic acid quantification is an important step in

human forensic identification. For example, short tandem repeat (STR) analysis of DNA

is often based on a multiplexed PCR assay, and such assays are generally most reliable

within a narrowly defined range of sample DNA concentration. If too little sample DNA

is used in the assay, artifacts including allele peak height imbalance and allele drop-out

can occur. If too much sample DNA is used, artifacts including increased stutter, non

specific band creation, incomplete non-template addition, and pull-up peaks resulting

from incomplete color separation can occur. These artifacts can lead to difficulties in

interpretation of an STR profile but can be mitigated by using an appropriate amount of

sample DNA. In another example, forensic casework samples have the potential to be

contaminated with non-human mammalian, bacterial, or fungal DNA which, when

present, contributes to the total DNA in the sample. Accordingly, for evaluation of crime



scene samples, the DNA Advisory Board to the FBI recommends the use of human-

specific quantification rather than total DNA quantification, which can ensure that an

appropriate amount of human DNA is subjected to amplification even if bacterial,

fungal, or other non-human DNA is present is the sample.

SUMMARY OF THE INVENTION

Described herein are inventive methods and devices for nucleic acid

quantification and, in particular, to microfluidic methods and devices for nucleic acid

quantification.

In one aspect, a method for quantifying a target nucleic acid in a sample fluid

containing or suspected of containing the target nucleic acid is provided. The method

comprises combining in a microfluidic channel the sample fluid and a binding agent

comprising a signaling moiety, wherein the binding agent becomes immobilized with

respect to the target nucleic acid, to form a test fluid, locating the test fluid in a detector

region in the microfluidic channel, detecting the signaling moiety, and quantifying the

target nucleic acid in the sample fluid within 1 hour of combining the sample fluid and

the binding agent.

In another aspect, a method for quantifying a target nucleic acid in a sample fluid

containing or suspected of containing the target nucleic acid is provided. The method

comprises combining in a microfluidic channel the sample fluid and a binding agent

comprising a signaling moiety, wherein the binding agent becomes immobilized with

respect to the target nucleic acid, to form a test fluid, locating the test fluid in a detector

region in the microfluidic channel, detecting the signaling moiety, and quantifying the

target nucleic acid in the sample fluid, wherein the target nucleic acid has a concentration

less than 1 nanograms per microliter or is present in a total amount in the sample fluid of

less than 1 nanogram.

In still another aspect, a method for quantifying a target nucleic acid in a forensic

sample fluid containing or suspected of containing the target nucleic acid is provided.

The method comprises combining in a microfluidic channel the forensic sample fluid and

a probe fluid containing a binding agent comprising a signaling moiety, wherein the

target nucleic acid in the forensic sample fluid has not been amplified, locating the



combined fluids in a detector region in the microfluidic channel, detecting the signaling

moiety, and quantifying the target nucleic acid in the sample fluid.

In yet another aspect, a method for quantifying a target nucleic acid in a sample

fluid containing or suspected of containing the target nucleic acid and also containing a

contaminating non-human nucleic acid is provided. The method comprises combining in

a microfluidic channel the sample fluid and a probe fluid containing a binding agent

comprising a signaling moiety, wherein the target nucleic acid in the sample fluid has not

been amplified, locating the combined fluid in a detector region in the microfluidic

channel, detecting the signaling moiety, and quantifying the target nucleic acid in the

sample fluid.

In still another aspect, a method for quantifying of a target nucleic acid in a

sample fluid containing or suspected of containing the target nucleic acid is provided.

The method comprises providing a microfluidic device coupled to an electronic device

comprising a detector comprising an integrated laser, combining in a microfluidic

channel of the microfluidic device the sample fluid and a binding agent comprising a

signaling moiety, wherein the binding agent becomes immobilized with respect to the

target nucleic acid, locating the combined fluid in a detector region in the microfluidic

channel positioned in operative proximity to the detector of the electronic device,

irradiating the signaling moiety using the integrated laser, and quantifying the target

nucleic acid in the sample fluid.

In yet another aspect, a method for manipulating a target nucleic acid in a sample

fluid containing the target nucleic acid is provided. The method comprises providing a

microfluidic device comprising a plurality of microfluidic channels and active areas for

sample manipulation coupled to an electronic device comprising a detector, combining in

a microfluidic channel of the microfluidic device the sample fluid and a binding agent

comprising a signaling moiety, wherein the binding agent becomes immobilized with

respect to the target nucleic acid, locating the combined fluid in a detector region in the

microfluidic channel positioned in operative proximity to the detector of the electronic

device, quantifying the target nucleic acid in the sample fluid, and directing a selected

quantity of the sample fluid to an active area of the biochip, wherein said selected

quantity is determined, at least in part, based on the results of the quantifying step.



In still another aspect, a method for preparing a sample comprising a target

nucleic acid for amplification of the target nucleic acid is provided. The method

comprises providing a microfluidic device comprising at least one microfluidic channel

and active areas for sample manipulation, at least one of said areas configured to purify

nucleic acid from a sample, obtaining the sample by a collection method yielding an

unknown variable quantity of target nucleic acid, inserting the sample into the

microfluidic channel of the microfluidic device, purifying the target nucleic acid in the

sample with the area of the microfluidic device configured to purify nucleic acid from a

sample to produce a reproducible quantity of purified target nucleic acid, and amplifying,

without quantifying the purified target nucleic acid, said reproducible quantity of

purified target nucleic acid.

In yet another aspect, a method for quantifying a target nucleic acid in a forensic

sample fluid containing or suspected of containing the target nucleic acid is provided.

The method comprises combining in a microfluidic channel the forensic sample fluid and

a probe fluid containing a molecular beacon probe comprising a signaling moiety and

having unique hybridization specificity for the target nucleic acid, wherein the target

nucleic acid in the forensic sample fluid has not been amplified, locating the combined

fluids in a detector region in the microfluidic channel, detecting the signaling moiety,

and quantifying the target nucleic acid in the sample fluid.

In still another aspect, an instrument for excitation and detection of fluorophores

in a plurality of functional regions in a biochip is provided. The instrument comprises an

excitation source and a steering element that directs a beam from an excitation source to

a plurality of functional regions in the biochip, wherein the excitation source excites the

fluorophores in the plurality of functional regions generating a signal that is detected

such that said signal from at least one of the plurality of functional regions allows nucleic

acid quantification.

Other advantages and novel features of the present invention will become

apparent from the following detailed description of various non-limiting embodiments of

the invention when considered in conjunction with the accompanying figures. Unless

otherwise noted, all references cited herein are incorporated by reference in their entirety.

In cases where the present specification and a document incorporated by reference

include conflicting and/or inconsistent disclosure, the present specification shall control.



BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting embodiments of the present invention will be described by way of

example with reference to the accompanying figures, which are schematic and are not

intended to be drawn to scale. In the figures, each identical or nearly identical

component illustrated is typically represented by a single numeral. For purposes of

clarity, not every component is labeled in every figure, nor is every component of each

embodiment of the invention shown where illustration is not necessary to allow those of

ordinary skill in the art to understand the invention. In the figures:

FIG. 1 shows a flowchart depicting various steps of target nucleic acid analysis,

according to an embodiment;

FIG. 2 shows an illustration of an exemplary integrated biochip for analyzing

four individual samples, according to an embodiment;

FIG. 3 shows a schematic of an optical train of a device configured to excite and

interrogate interrogation chambers of a quantification module as described in Example

10, according to an embodiment;

FIG. 4 shows a schematic of an optical train of a device configured to excite and

detect from the detection window of a separation and detection module as described in

Example 10, according to an embodiment;

FIG. 5 shows a schematic of an alternative optical train configured to excite and

interrogate the interrogation chambers of the quantification module as described in

Example 10, according to an embodiment;

FIG. 6 shows a schematic of an alternative optical train configured to excite and

detect from the detection window of the separation and detection module as described in

Example 10, according to an embodiment;

FIG. 7 shows a schematic of an alternative optical train configured to excite and

detect from the detection window of a separation and detection module and interrogate

the interrogation chambers of a quantification module as described in Example 10,

according to an embodiment;

FIG. 8 shows an illustration of an exemplary excitation and detection system,

according to an embodiment;



FIG. 9 shows an illustration of another exemplary excitation and detection

system, according to an embodiment;

FIG. 10 shows a photograph of a biochip, according to an embodiment;

FIG. 11 shows a photograph of a thermal cycler comprising a chip compression

element and thermal control element (100), biochip (101), and thermosensor (102),

according to an embodiment;

FIG. 12 shows a photograph of a view from above of a thermal cycler comprising

a TCE (1100), biochip (1101), thermosensor (1102), thermoelectric cooler (1103), heat

sink (1104), and heat sink thermosensor (1105), where the chip compression element has

been removed for clarity, according to an embodiment;

FIG. 13 shows a plot of input DNA (ng) versus baseline subtracted fluorescence

signal (RFU) for a 28-cycle THOl PCR-Picogreen reaction, according to an embodiment;

FIG. 14 shows a raw data plot of the output fluorescence signal from THOl PCR

laser detection -peak intensities from left to right correspond to 0 ng, 0.4 ng, 1 ng, 4 ng,

10 ng, 20 ng and 40 ng input template DNA, according to an embodiment;

FIG. 15 shows a plot of input DNA (ng) versus baseline subtracted fluorescence

signal (RFU) for a 15-cycle AIu PCR-Picogreen reaction, according to an embodiment;

FIG 16 shows a raw data plot of the output fluorescence signal from AIu PCR

laser detection, according to an embodiment —peak intensities from left to right

correspond to 0 ng, 0.4 ng, 1 ng, 4 ng, 10 ng, 20 ng and 40 ng input template DNA;

FIG. 17 shows a plot of input DNA (ng) versus baseline subtracted fluorescence

signal (RFU) for the 10-cycle AIu PCR reaction showing repeatability of measurements,

according to an embodiment - error bars represent 1 standard deviation;

FIG. 18 shows a plot of input DNA (ng) versus baseline subtracted fluorescence

signal (RFU) for a 7-cycle AIu PCR-SYBR Green assay, according to an embodiment;

FIG. 19 shows a plot of baseline subtracted fluorescence signal (RFU) versus

genomic DNA target concentration actually detected (pg) using molecular beacon probe

1 as described in Example 5, according to an embodiment;

FIG. 20 shows a plot of baseline subtracted fluorescence signal (RFU) versus

genomic DNA target concentration actually detected (pg) using molecular beacon probe

2 as described in Example 5, according to an embodiment;



FIG. 2 1 shows a plot of baseline subtracted fluorescence signal (RFU) versus

genomic DNA target concentration actually detected (pg) using 1-minute hybridization

with molecular beacon probe 2 as described in Example 6, according to an embodiment;

FIG. 22 demonstrates DNA binding "cut-off as a function of the number of

purification filter layers as described in Example 9, according to an embodiment;

FIG. 23 demonstrates DNA binding performance of a 1 mm diameter filter over a

range of input DNA as described in Example 9, according to an embodiment;

FIG. 24 shows a plot of signal strength as photomultiplier tube (PMT) gains are

swept across the operation range as discussed in Example 10, according to an

embodiment;

FIG. 25 shows a plot of signal-to-noise ratios as the PMT gains are swept across

the operation range as discussed in Example 10, according to an embodiment;

FIG. 26 shows a plot of signal strength as a function of laser power as discussed

in Example 10, according to an embodiment; and

FIG. 27 shows the photobleaching phenomenon with excitation level as discussed

in Example 10, according to an embodiment.

BRIEF DESCRIPTION OF THE SEQUENCES

SEQ ID NO: 1 is THOl Forward Primer having the sequence 5'-AGG GTA TCT

GGG CTC TGG-3';

SEQ ID NO: 2 is THOl Reverse Primer having the sequence 5'-GCC TGA AAA

GCT CCC GAT TAT-3';

SEQ ID NO: 3 is AIu Forward Primer having the sequence 5'-GTC AGG AGA

TCG AGA CCA TCC C-3';

SEQ ID NO: 4 is AIu Reverse Primer having the sequence 5'-TCC TGC CTC

AGC CTC CCA AG-3';

SEQ ID NO: 5 is PV 92 Probe 1 having the sequence 5'-GCC CGA TTT TGC

GAC TTT GGA GGG C-3'; and

SEQ ID NO: 6 is AIu Probe 2 having the sequence 5'-CGC CTC AAA GTG

CTG GGA TTA CAG GCG-3 ' .



DETAILED DESCRIPTION

Described herein are inventive methods and devices for nucleic acid

quantification and, in certain embodiments, to microfluidic methods and devices for

nucleic acid quantification. In one aspect, embodiments are generally related to methods

of quantifying a target nucleic acid, such as native (i.e. non-synthetic) nucleic acid

without the need for prior amplification. The methods involve, in some embodiments,

allowing a binding agent to become immobilized with respect to the target nucleic acid.

In some cases, the binding agent comprises a signaling moiety that can be used to

quantify the amount of target nucleic acid. In certain embodiments, the quantification

can be carried out rapidly. For example, in certain embodiments, the quantification can

be completed in 1 hour or less. In certain embodiments, samples containing a low

amount of target nucleic acid can be quantified, in certain embodiments using a flow-

through microfluidic assay. For instance, in some cases, samples containing less than 1

nanogram may be quantified. In certain embodiments, the target nucleic acid may be

quantified in the presence of, non-target nucleic acids. Also provided are devices,

biochips, and kits for performing methods of the inventions, or the like.

In some embodiments, the methods described herein may be particularly useful in

forensic nucleic acid analysis. However, one of ordinary skill in the art would

understand that the methods are not limited to forensic analysis and can be used to

analyze any suitable sample containing or suspected of containing a target nucleic acid.

In some embodiments, clinical and environmental samples may be analyzed. Certain

embodiments of the methods described herein may provide advantages over the prior art

including one or more of, and not limited to, simplified quantification of nucleic acids,

facile integration with microfluidic systems, reduced reagent usage (i.e., in the amount of

reagent used and/or the number of reagents used), avoidance of reagents that can require

special handling and/or storage such as enzymes, dNTPs, and PCR buffers, speed of

quantification, sensitivity of quantification, specificity of quantification, and improved

ability to provide automation. Also advantageously, the certain embodiments of the

methods described herein can be used to analyze a target nucleic acid in a sample despite

its containing one or more PCR inhibitors, which can be present, for example, in clinical

samples, environmental samples, forensic samples, and the like.



In some embodiments, the methods comprise combining a binding agent

comprising a signaling moiety with a sample suspected of containing a nucleic acid

strand containing a target sequence (i.e., a target nucleic acid) and determining whether

or not there is a change in the signaling moiety's measurable characteristic as compared

to that characteristic under essentially the same conditions in the absence of the target

nucleic acid. In some embodiments, it may be desirable to run a control containing no

target and to compare the response of the sample to the response of the control. In some

cases, the level of signal may be measured for quantitative determinations. In certain

such embodiments, the level of signal determined with a test sample may be compared

with a calibration standard prepared using calibration samples containing known

concentrations of nucleic acid strands containing the target sequence. In some

embodiments, a change may simply be detected for the purpose of confirming the

presence or absence of the target nucleic acid. In embodiments where a control is used,

the difference in signal change between the sample and the control may be calculated.

In some embodiments, multiple nucleic acid samples can be analyzed/quantified

essentially simultaneously. As discussed in more detail below, multiple nucleic acid

samples may be analyzed in parallel with a microfluidic system comprising a

microfluidic biochip, accompanying instrumentation, and software. In some

embodiments, using a microfluidic system allows multiple samples to be processed using

an essentially identical set of manipulations for each sample (or subset of samples) using

a tailored set of manipulations. Furthermore, in some cases, a plurality of independent

sample treatments and/or analyses can be performed in integrated fashion on a given

sample. For example, a forensic sample may be analyzed by serially isolating DNA (i.e.,

the target nucleic acid), quantifying the isolated DNA, automatically metering a volume

of DNA solution based on the quantification result, and then performing one or more of

short tandem repeat (STR) analysis, single-nucleotide polymorphism (SNP) analysis, and

mitochondrial sequencing on the isolated DNA. Similarly, a clinical sample may be

analyzed by purifying the target nucleic acid, quantifying the target nucleic acid,

automatically metering a volume of the nucleic solution based on the quantification

result, and performing PCR, reverse-transcription PCR, and/or DNA sequencing on the

target nucleic acid. In some embodiments, a sample may be interrogated for a one or

more pathogens, cellular processes, physiologic processes, drugs, and toxins essentially



simultaneously on a biochip. In some embodiments, sample analysis may be done

automatically by a system.

FIG. 1 provides a flow chart depicting the various steps of target nucleic acid

analysis according to certain embodiments. In some embodiments, target nucleic acid

analysis begins with step 100 which involves obtaining a sample. In certain

embodiments, the sample may comprise a forensic sample, such as a crime scene or

evidence sample. In some cases, the target nucleic acid may be extracted from the

sample as in step 110, for example, to prepare the sample for the mixing of the target

nucleic acid with a binding agent comprising a signaling moiety of step 120,. The steps

may involve immobilizing the binding agent with respect to the target nucleic acid as in

step 130 and detecting the signaling moiety as in step 140. The target nucleic acid may

then be quantified as in step 150 using techniques described in more detail below. It

should be understood that some methods may not include all of these steps and/or may

include additional steps not illustrated. For example, in some cases the target nucleic

acid may not need to be extracted, thereby obviating step 110.

In some embodiments, a sample may be obtained as in step 100. A sample may

be obtained by any suitable method. For example, a buccal swab may be obtained.

Generally, a buccal swab uses a collection device, for example, a small brush or cotton

swab, to collect a sample of cells from the inside surface of the cheek. Alternatively, a

small amount of mouthwash (i.e., saline mouthwash) may be swished in die mouth to

collect the cells hi some embodiments, other methods may be used to collect a sample

of blood, saliva, semen, amniotic fluid, hair, skin, or other appropriate fluid and/or tissue.

The wide range of samples also includes vaginal swabs, cervical swabs, urethral swabs,

rectal swabs, nasal swabs, nasopharyngeal swabs, wound swabs, biopsy specimens,

marrow aspirates, and sputum aspirates. A sample, in some embodiments, may be

obtained from personal items (e.g. toothbrush, razor), items touched by an individual

(e.g. the rim of a drinking glass, a shirt collar, the rim of a cap, a doorknob, a window

pane, or a table) stored samples (e.g. banked sperm or biopsy tissue), a corpse, a victim,

a perpetrator, a suspect, a crime scene, a patient, or a relative (i.e., a blood relative). In

some cases, the sample nucleic acids may be unpurified, partially purified, or purified.

In some embodiments, the sample nucleic acids may be essentially free of contaminating

target nucleic acid. In other embodiments, the sample may contain a mixture of target



nucleic acids and non-target nucleic acids (e.g. a human DNA sample for forensic

analysis may also contain canine DNA). For example, the sample may be an in vitro or

an in vivo sample. Generally, a sample contains a target nucleic acid or is suspected of

containing a target nucleic acid. It should be understood that "sample" may refer to the

target nucleic acid, a mixture (solid and/or liquid) containing the target nucleic acid, or a

material (solid and/or liquid) suspected of containing the target nucleic acid.

A sample may contain at least some target nucleic acid or may contain no target

nucleic acid. In some embodiments, the quantity of target nucleic acid in the sample

may be dependent on the method used to obtain the sample (i.e., the collection method).

In some embodiments, the collection method may yield a quantity of target nucleic acid

within a range of essentially 0 to 100 µg, within a range of 1 pg to 100 µg, within a range

of 1 ng to 100 µg, within a range of 10 ng to 100 µg, within a range of 100 ng to 100 µg,

within a range of 1 pg to 10 µg, within a range of 1 ng to 10 µg, within a range of 10 ng

to 10 µg, or within a range of 100 ng to 10 µg. hi some embodiments, the quantity of

target nucleic acid collected by the collection method may differ from a first sample to a

second sample by at least a factor of 10, at least a factor of 100, at least a factor of 1000,

or at least a factor of 10000.

A sample may contain one or more compositions other than the target nucleic

acid (if present). For example, a sample collection fluid may be used to collect, dilute,

suspend, or dissolve, a sample. Generally, the sample collection fluid may be aqueous;

however, the sample collection fluid may also comprise an organic solvent instead of or

in addition to the aqueous solvent. In various other embodiments, the sample collection

fluid may contain one or more buffers, stabilizers, enzyme inhibitors (e.g., nuclease

inhibitors), chelating agents, salts, or other compositions. In another embodiment,

following collection of the sample with the sample collection fluid, the sample may be

allowed to dry (e.g., forensic swab samples may be dried and processed at a later time).

In yet another embodiment, no sample collection fluid may be utilized (e.g., a dry swab

may be used).

hi some embodiments, the target nucleic acid (if present) may be extracted (e.g.,

purified) from the sample as in step 110. In some cases, the target nucleic acid may be

extracted in a microfiuidic biochip. However, one of ordinary skill in the art would

recognize that the target nucleic acid may also be extracted by any of a number of



extraction methods known in the art, many of which are commercially available. For

example, a liquid-liquid extraction technique may be used, such as those involving

phenol-chloroform solutions. In another example, a liquid-solid extraction technique

may be used, where a sample is collected on a solid substrate and washed, generally with

a plurality of solutions, to isolate the target nucleic acid (see, for example, kits sold by

Qiagen Corporation). Other examples of nucleic acid purification may be found, for

example, in U.S. Patent Application Serial No. 12/699,564, entitled "Nucleic Acid

Purification," filed February 3, 2010, by Selden et al., which is incorporated herein by

reference.

In embodiments where the target nucleic acid is isolated from a cellular sample

(i.e., a cell, a plurality of cells, a mixture of cells, one or more cells within a tissue), the

cell(s) may be broken open (e.g., disrupted or lysed). In some embodiments, the

membrane lipids of the cell may be disrupted using a detergent. In some cases, proteins

may be broken down by treating the sample with one or more proteases. In some

instances, proteins may be removed by precipitation, for example, with an acetate salt

such as sodium acetate or ammonium acetate. In some embodiments, proteins may be

removed using phenol-chloroform phase separation. In some embodiments, the target

nucleic acid may be precipitated, for example, using an alcohol such as ethanol or

isopropanol. In some cases, guanidinium thiocyanate-phenol-chloroform may be used,

for example, to extract an RNA or DNA target nucleic acid. A partially purified or

purified target nucleic acid can be solubilized in any suitable solution (e.g. collection

fluid), for example, deionized water or a buffer such as tris-EDTA (TE). Other

techniques for purifying DNA and/or RNA will be known to those skilled in the art.

As discussed above, any sample containing or suspected of containing a target

nucleic acid may be analyzed. The target nucleic acid may be any nucleic acid. For

example, in some embodiments, the target nucleic acid may be DNA, RNA or mixtures

or copolymers thereof. In some embodiments, the target nucleic acid (and other types of

nucleic acids, as are described herein) may be genomic DNA, chromosomal DNA,

extrachromosomal DNA, plasmid DNA, mitochondrial DNA, chloroplast DNA, cDNA,

rRNA, mRNA, or fragments thereof. The target nucleic acid may be isolated from

natural sources (i.e. native), recombinantly produced, or artificially synthesized. For

example, the target nucleic acid may be isolated from a human cell, a bacterial cell, a



fungal cell, a eukaryotic cell, a prokaryotic cell, or a virus. In some cases, the target

nucleic acid may be synthetic (i.e., a product generated by amplification [e.g. PCR,

quantitative PCR, reverse transcription PCR], ligation, or a chemical synthesis). The

target nucleic acid may be a nucleic acid that encodes a biological entity, such as a

protein, an enzyme, an antibody, a receptor, a ribozyme, a ribosome, or the like, or a

portion thereof. As another non-limiting example, the target nucleic acid may be a

regulatory sequence or a non-coding sequence, for instance, a small interfering RNA, a

microRNA, a small hairpin RNA, or the like. In some embodiments, the target may be a

unique genomic sequence or a repetitive genomic sequence. The target nucleic acid

and/or the target sequence can be any number of nucleotides in length, for example, on

the order of 12, 14, 16, 18, 20, 22, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 200, 400,

800, 1600, 3200, 6400 or more nucleotides in length. A nucleic acid may contain

residues such as the naturally-occurring bases (e.g., adenosine or "A," thymidine or "T,"

guanosine or "G," cytidine or "C," or undine or "U"), or other residues, such as

methylated residues. The nucleic acid can be single-stranded in some cases to facilitate

hybridization.

hi some embodiments, a target nucleic acid can also be amplified using nucleic

acid amplification techniques, such as PCR (polymerase chain reaction) or the like.

Various copies of the target nucleic acid can be labeled with a signaling entity (e.g. a

fluorescent dye). The signaling entity may be included within the nucleic acid at any

suitable location, for example, at a 5' terminal site of the nucleic acid sequence, a 3'

terminal site, or at an internal site within the nucleic acid.

hi some embodiments, the sample may contain target nucleic acids from more

than once source. For example, the sample may contain a first target nucleic acid and a

second nucleic acid. In some cases, both the first target nucleic acid and the second

nucleic acid may be from a first human and a second human, respectively. In some

embodiments, the first target nucleic acid may be from a human and the second target

nucleic acid may be from a non-human (e.g., a bacterium, a mouse, a dog, a cat, a reptile,

a snake, an insect, a non-human primate, etc.). In some cases, the sample may contain

two, three, four, five, six, seven, eight, nine, ten, or more distinct types of nucleic acids,

one, some, or all of which may be a target nucleic acid.



In some embodiments, the sample may be combined with a binding agent as in

step 120 to form a test fluid. The test fluid may be any sample fluid containing a binding

agent. As discussed in more detail below, the binding agent is an entity capable of being

specifically immobilized with respect to a target nucleic acid. As discussed above, in

some cases, the sample may be a fluid (i.e., a sample fluid). In some embodiments, the

binding agent may be contained in a fluid (hereinafter "a probe fluid"). In some

embodiments, the sample fluid and/or probe fluid may be aqueous and/or organic. In

some cases, the sample fluid and/or probe fluid may contain one or more buffers,

stabilizers, enzyme inhibitors (e.g., nuclease inhibitors), chelating agents, salts, or other

compositions.

In some embodiments, the binding agent may be attached to the microfluidic

device. For example, in some instances, the binding agent may be covalently attached to

the wall of a microfluidic channel. In some cases, the binding agent may be non-

covalently attached to a wall or feature of a microfluidic channel. In some embodiments,

the target nucleic acid may be attached to the microfluidic device (i.e., covalently or non-

covalently). In some embodiments, a microfluidic channel may have a region suitable

for binding a binding agent and/or a target nucleic acid. For example, the binding agent

and/or target nucleic acid may be flowed through a first region of a microfluidic channel

without substantially binding to a feature and bind to a feature in a second region of a

microfluidic channel. In certain embodiments, neither the target nucleic acid nor the

binding agent are or become attached to the wall of any microfluidic channel during the

assay, but rather remain suspended in the test fluid.

In some instances, the sample fluid and the probe fluid may be combined. For

example, the sample fluid and the probe fluid may be combined in a microfluidic system

(e.g., in a microfluidic channel or a mixing compartment of a microfluidic channel

containing system). The sample and the binding agent may be mixed using any suitable

technique. For example, the sample fluid and probe fluid may be mixed by vortexing or

pipetting the combined samples. In some embodiments, the sample fluid and probe fluid

can be mixed in a microfluidic system. One of ordinary skill in the art will be aware of

devices and channel configurations for mixing fluids in a microfluidic system, non-

limiting examples of which are disclosed in International Patent Application Publication



No. WO/2008/ 124 104, entitled "Integrated Nucleic Acid Analysis," filed April, 4, 2008,

by Tan et al., which is incorporated by reference herein.

The binding agent may be any entity capable of being immobilized with respect

to a target nucleic acid comprising a target sequence. In some embodiments, the binding

agent may become immobilized with respect to the target nucleic acid through non-

covalent bonds. For example, the non-covalent bonds may comprise one or more of

hydrogen bonds, van der Waals interactions, hydrophobic interactions, etc. In some

cases, the binding agent may become immobilized with respect to the target nucleic acid

through one or more covalent bonds.

In some embodiments, the binding agent may be capable of being specifically

immobilized to a target sequence of a target nucleic acid (i.e., the binding agent may be a

specific binding agent having unique specificity for the target nucleic acid). For

example, the binding agent may be preferentially immobilized (e.g. hybridized) to a first

target nucleic acid having a first sequence relative to a second target nucleic acid having

a second sequence, the second sequence being different from the first sequence. In some

cases, the binding agent may be capable of being immobilized non-specifically to target

nucleic acid. For example, the binding agent may intercalate into a target nucleic acid

substantially independently of the target nucleic acid sequence. In some embodiments,

the binding agent may be an intercalating dye, an intercalating fluorescent dye, or an

intercalating fluorescent dye capable of selectively intercalating with double stranded

nucleic acids.

In some embodiments, the binding agent may be a nucleic acid, i.e., the binding

agent may be a nucleic acid probe. One of ordinary skill in the art would recognize that

a nucleic acid probe may be designed to have a sequence that can hybridize to a target

nucleic acid having a sequence that is at least partially complementary to the sequence of

the nucleic acid probe under a given set of annealing conditions. One of ordinary skill in

the art would also recognize that the sequence homology between the target nucleic acid

and the nucleic acid probe need not be perfect. For example, in some embodiments, a

target nucleic acid and nucleic acid probe pair may have one or more mismatches.

In some embodiments, a binding agent (e.g., a nucleic acid probe) and a target

nucleic acid may be hybridized by heating a sample containing the binding agent and

target nucleic acid to a first temperature and then cooling the sample to a second



temperature. In some cases, the first temperature may be held for a period of time before

cooling to the second temperature. For instance, the first temperature may be held for

less than 1 second, less than 5 seconds, less than 10 seconds, less than 30 seconds, less

than 1 minute, or less than 5 minutes. Of course, temperatures outside these ranges may

be used as well. In some embodiments, the first temperature may be above the melting

temperature (i.e. temperature at which hybridized complementary strands dissociate, Tm)

of the hybridized binding agent and target nucleic acid. In some embodiments, the first

temperature may be within 5 0C of the Tm of the hybridized binding agent and target

nucleic acid. In some embodiments, the first temperature may be at least 30 0C, at least

40 0C, at least 50 0C, at least 60 0C, at least 70 0C, at least 80 0C, at least 90 0C, or at least

95 0C. The second temperature may be at least 5 0C, at least 10 0C, at least 20 0C, at least

30 0C, at least 40 0C, at least 50 0C, at least 60 0C, at least 70 0C, at least 80 0C, at least

90 0C lower than the first temperature. In some embodiments, the rate at which the

temperature is cycled between the first temperature and the second temperature may be

at least 1 °C/second, 5 °C/second, 10 °C/second, 20 °C/second, 30 °C/second, 50

°C/second, 100 °C/second, or 200 °C/second. In certain cases, according to the

invention, rapid thermal cycling provided by certain systems and methods of the

invention can enable, at least in part, the ability to analyze, detect and/or quantify target

nucleic acid more quickly than typical conventional methods. For example, in some

embodiments, rapid thermal cycling may allow the concentration of a target nucleic acid

in a sample fluid to be determined within a short period of time after combining the

sample fluid and a binding agent.

As discussed above, the target nucleic acid may be recognized by (e.g. hybridize

with) one or more binding agents. Nucleic acid binding agents can be used in various

embodiments to target certain sequences within a target nucleic acid. Often, short

portions of the target nucleic acid can be associated with a nucleic acid probe, for

instance, a sequence of less than 50 residues, less than 30 residues, less than 20 residues,

less than 15 residues, less than 10 residues, less than 9 residues, less than 8 residues, less

than 7 residues, less than 6 residues, less than 5 residues, and less than 4 residues. In

some embodiments, a nucleic acid probe may contain a relatively short sequence of

nucleic acid residues that is able to recognize at least a portion of the target nucleic acid

(i.e., the sequences are complementary, or at least substantially complementary), and



often has a similar length as the recognized portion of the target nucleic acid. For

instance, the nucleic acid probe may have a sequence having a length of less than 10000

nucleotides, less than 1000 nucleotides, less than 500 nucleotides, less than 250

nucleotides, less than 100 nucleotides, less than 75, 50, 40, 35, 30, 25, 24, 22, 20, 18,16,

14, or 12 nucleotides. The selection of the structure, sequence, length, and annealing

conditions for a nucleic acid probe sequence are well known in the art. The nucleic acid

probes may be synthesized using any suitable technique, e.g., solid phase

phosphoramidite triester methods. Other methods will be known to those skilled in the

art. Nucleic acid probes may also be obtained commercially, for example, from

Integrated DNA Technologies, Inc.

The nucleic acid sequences within the nucleic acid probe may be contiguous, or

the sequence may be noncontiguous. For instance, there may be universal residues or

gaps present within the probe sequence. Additionally, secondary structures such as

hairpins, loops, etc. may be present in some cases, which may be used to create a

noncontiguous sequence. As a non-limiting example, a nucleic acid probe may have a

first and second region that are at least substantially complementary to a contiguous

sequence of the target nucleic acid and are separated by a third region that is not

complementary to the contiguous sequence of the target nucleic acid. The nucleic acid

probe may hybridize to the target nucleic acid such that the third region forms a hairpin,

thereby allowing the first and second regions to hybridize to the contiguous target

nucleic acid sequence in a noncontiguous fashion.

In some cases, a nucleic acid probe may hybridize to a substantially

complementary sequence without creating an overhang (i.e., without at least some of the

residues within the nucleic acid probe extending past a terminus of the target nucleic

acid). Alternatively, in some instances, a nucleic acid probe may hybridize to a target

nucleic acid such that at least one residue of the nucleic acid probe extends beyond a

terminus of the target nucleic acid.

A nucleic acid probe need not hybridize completely with a target nucleic acid.

The hybridization of two nucleic acids and/or nucleic acid analogs can be affected by a

variety of factors, and the strength of hybridization of particular residues within a given

duplex can be different.



As used herein, a first sequence that is "substantially complementary" to a second

sequence is one in which at least 75% of the first and second sequences are

complementary (e.g., through Watson-Crick complementary pairing). For example, in a

situation where a target sequence is 24 bases in length, the probe sequences would be

"substantially complementary" even if they have a maximum of 6 base pair mismatch.

In some embodiments, the two sequences may be at least 80%, 85%, 90%, or 100%

complementary.

In certain embodiments, a nucleic acid probe may comprise at least one residue

that can enhance residue stacking and/or backbone pre-organization. This can

significantly increase the thermal stability (melting temperature) of the nucleic acid

probe in some cases. For example, a nucleic acid probe may comprise at least one

locked nucleic acid (LNA) residue. A locked nucleic acid residue is a nucleic acid

analog that has a chemical shape similar to a naturally occurring nucleic acid residue

(e.g., being able to form 2 or 3 hydrogen bonds with a complementary residue), but is not

free to rotate in as many dimensions as a naturally occurring nucleic acid residue. For

instance, in some cases, a locked nucleic acid residue may contain a 2'-O, 4'-C

methylene bridge, where the methylene bridge "locks" the ribose in the 3'-endo

structural conformation, which is often found in the certain form of DNA or RNA. In

some cases, the locked ribose conformation may significantly increase the thermal

stability of the nucleic acid probe. Other residues that can increase the thermal stability

of a nucleic acid sequence will be apparent to those skilled in the art. For example,

peptide nucleic acids may be used as nucleic acid probes in some cases.

In certain embodiments, the nucleic acid probe can contain a universal residue,

which may be able to engage in a residue-pairing relationship with more than one natural

nucleotide, and in some cases, with all of the natural nucleotides. A universal base or

universal residue (e.g., "N"), as used herein, refers to a base that, when incorporated into

a polymeric structure in the form of a nucleobase (e.g., a nucleotide or a PNA) does not

significantly discriminate between bases on a complementary polymeric structure having

nucleobases. For example, a universal base can hybridize to more than one nucleotide

selected from A, T, C, and G. Universal residues will be known to those or ordinary skill

in the art. Non-limiting examples of universal residues include deoxyinosine, 3-

nitropyrrole, 4-nitroindole, 6-nitroindole, 5-nitroindole, 6-methyl-7-azaindole,



pyrrollpyrizine, imidizopyridine, isocarbostyril, propynyl-7-azaindole,

propynylisocarbostyril, allenyl-7-azaindole, 8-aza-7-deaza-2'-deoxyguanosine, 8-aza-7-

deaza-2'-deoxyadenosine, 2'-deoxycytidine, 2'-deoxyuridine, 2'-deoxyadenosine, T -

deoxyguanosine, 7-deaza-2'-deoxyinosine, 2'-aza-2'-deoxyinosine, 3'-nitroazole, 4'-

nitroindole, 5'-nitroindole, 6'-nitroindole, 4-nitrobenzimidazole, nitroindazole (e.g. , 5'-

nitroindazole), 4-aminobenzimidazole, imidazo-4,5-dicarboxamide, 3'-nitro imidazole,

imidazole-4-carboxamide, 3-(4-nitroazol-l-yl)-l, 2-propanediol, and 8-aza-7-

deazaadenine. Other universal residues useful for the systems and methods described

herein will be known to those of skill in the art.

In some embodiments, the binding agent may comprise a signaling moiety. The

signaling moiety may be any entity capable of generating a signal. In some

embodiments, the signaling moiety is attached to the binding agent (i.e., through one or

more covalent or non-covalent bonds). In some embodiments, the signaling moiety may

not be attached to the binding agent. For example, in some cases, the signaling moiety

may associate with the binding agent during or after immobilization of the binding agent

with respect to the target nucleic acid. In some cases, the signaling moiety may associate

with the target nucleic acid.

In some embodiments, the signaling moiety may comprise a fluorophore,

fluorophore/quencher pair, chromophore, radiolabel, enzymatic substrate, colorimetric

substrate, spin label, isotope such as a non-radioactive isotope or an isotope detectable by

mass spectrometry (e.g., an electrophore mass label (EML)), ligand which can serve as a

binding partner to a labeled antibody, enzyme, antibody which can serve as a binding

partner for a labeled ligand, antigen, group having a specific reactivity, and/or

electrochemically detectable moiety. In some embodiments, the signaling moiety may

be a particle (e.g., a fluorescent particle, quantum dot, etc.). One of ordinary skill in the

art would be able to identify other suitable signaling moieties. In some cases, the

signaling moiety may generate a signal upon stimulation, for example, with light (e.g., in

the case of a fluorophore or chromophore). In some instances, the signaling moiety may

spontaneous generate a signal, such as in the case of a radiolabel. In certain

embodiments, the ability of the signaling moiety to generate a detectable signal may be

dependent on the proximity of a first component and a second component of the

signaling moiety. It should be understood that the first component and second



component may be connected through one or more bonds or may be not be connected

(i.e., may be separable).

In some embodiments, the signaling moiety may comprise a fluorophore. Non-

limiting examples of fluorophores include dyes that can be synthesized or obtained

commercially (e.g. Operon Biotechnologies, Huntsville, Alabama). A large number of

dyes (greater than 50) are available for application in fluorescence excitation

applications. These dyes include those from the fluorescein, rhodamine AlexaFluor,

Biodipy, Coumarin, and Cyanine dye families. Specific examples of fluorophores

include, but are not limited to, FAM, TET, HEX, Cy3, TMR, ROX, Texas red, LC red

640, Cy5, and LC red 705. In some embodiments, dyes with emission maxima from 410

run (e.g., Cascade Blue) to 775 run (e.g., Alexa Fluor 750) are available and can be used.

Of course, one of ordinary skill in the art will recognize that dyes having emission

maxima outside these ranges may be used as well. In some cases, dyes ranging between

500 nm to 700 nm have the advantage of being in the visible spectrum and can be

detected using conventional photomultiplier tubes. In some embodiments, the broad

range of available dyes allows selection of dye sets that have emission wavelengths that

are spread across the detection range. Detection systems capable of distinguishing many

dyes are known in the art.

In some embodiments, the signaling moiety may be conjugated to the binding

agent. For example, a signaling moiety and nucleic acid probe may be conjugated, for

example, by forming an ester bond between the 3' hydroxyl group of the nucleic acid

and a linker attached to a signaling moiety. The linker may be any suitable linker. For

example, the linker may be of sufficient length to allow a nucleic acid probe to hybridize

to a target nucleic acid. Other techniques will be known to those of ordinary skill in the

art.

In some embodiments, a quencher can be used for labeling oligo sequences to

minimize background fluorescence or for use in fluorophore/quencher pairs, as described

elsewhere herein. Quenchers are known to those of ordinary skill in the art. Non-

limiting examples of quenchers include DDQ-I, Dabcyl, Eclipse, Iowa Black FQ, BHQ-

1, QSY-7, BHQ-2, DDQ-II, Iowa Black RQ, QSY-21, and BHQ-3. In some

embodiments, a quencher may have an absorption maximum within the range of 430nm

(e.g., DDQ-I) to 670 nm (e.g., BHQ-3).



In some embodiments, the binding agent comprising a signaling moiety may be a

molecular beacon, for instance, as discussed in U.S. Patent No. 5,925,517, entitled

"Detectably Labeled Dual Conformation Oligonucleotide Probes, Assays and Kits,"

issued July 20, 1999, by Tyagi et al, which is hereby incorporated by reference. The

binding agent (e.g., molecular beacon) may have a target nucleic acid complement

sequence flanked by members of an affinity pair, or arms, that, under assay conditions in

the absence of target, interact with one another to form a stem duplex. Hybridization of

the binding agent to its preselected target sequence can produce a conformational change

in the binding agent, forcing the arms apart and eliminating the stem duplex.

Embodiments of binding agents employ interactive labels, whereby that conformational

change can be detected. In some embodiments, the binding agent may comprise at least

a single-stranded nucleic acid sequence that is substantially complementary to a desired

target nucleic acid, herein referred to as a "target complement sequence;" 5' and 3'

regions flanking the target complement sequence that reversibly interact by means of

either complementary nucleic acid sequences or by attached members of another affinity

pair; and a signaling moiety comprising interactive label moieties for generating a signal.

In some embodiments, the binding agent includes substantially complementary nucleic

acid sequences, or "arms," that reversibly interact by hybridizing to one another under

the conditions of detection when the target complement sequence is not bound to the

target. In some embodiments, the binding agent comprising a signaling moiety may be

unimolecular, i.e., all the above components may be in one molecule. In instances where

the binding agent is bimolecular, half, or roughly half, of the target complement

sequence, one member of the affinity pair and one member of the label pair may be in

each molecule.

The signal generating label moieties of the signaling moiety may have interactive

label "pairs" matched such that at least one label moiety can alter at least one physically

measurable characteristic of another label moiety when in close proximity but not when

sufficiently separated. In some embodiments, the label moieties may be conjugated to

the probe such that the proximity of the label moieties to each other can be regulated by

the status of the interaction of the affinity pair. In the absence of target, the label

moieties may be held in close proximity to each other by the linking interaction of the

affinity pair. This conformation may be referred to as the "closed" state. When the



detectable signal of the signaling moiety is not generated in the closed state, which is

generally the case with most embodiments, the closed state can be considered to be in the

"off state.

In instances where the target complement sequence hybridizes to its target, a

conformational change may occur in the binding agent, separating the affinity pair and,

consequently, the label moieties of interactive labels. This conformation may be referred

to as the "open" state, which in most embodiments can be considered the "on" state.

Without wishing to be bound by any theory, separation is believed to be driven by the

thermodynamics of the formation of the target complement sequence-target sequence

helix. Formation of the target complement sequence-target sequence helix, whether

complete or nicked, overcomes the attraction of the affinity pair under assay conditions.

A signal is generated because the separation of the affinity pair alters the interaction of

the label moieties and a difference in at least one characteristic of at least one label

moiety conjugated to the binding agent may be measured.

In some embodiments, a binding agent having interactive labels has a measurable

characteristic (e.g., a detectable signal) that differs depending on whether the binding

agent is open or closed. Generally, the measurable characteristic is a function of the

interaction of the label moieties and the degree of interaction between those moieties that

varies as a function of their separation.

As discussed above, a binding agent may have a closed conformation and an

open conformation. In the closed conformation, the label moieties may be "proximate"

to one another, that is, they may be sufficiently close to interact so that the signal differs

(e.g., in detectable amount, quality, level, etc.) from the open conformation, when they

may not interact. In some cases, it may be desirable that the difference be as large as

possible. In some cases, it may be desirable that in the "off state the measurable

characteristic be a signal as close as possible to zero.

In some embodiments, the measurable characteristic (e.g., detectable signal) may

be a characteristic light signal that results from stimulating at least one member of a

fluorescence resonance energy transfer (FRET) pair. In some cases, the signal may be a

color change that results, for example, from the action of an enzyme/suppressor pair or

an enzyme/cofactor pair on a substrate to form a detectable product. In some

embodiments, the binding agent comprising a signaling moiety may have a characteristic



signal whose level depends on whether the label moieties are proximate due to the

binding agent being in the closed position or are separated due to the binding agent being

in the open position.

In some embodiments, the choice of label moieties can dictate in which state a

signal is generated. In some cases, the choice of label moieties can dictate that different

signals are generated in each state hi some embodiments, the interactive label moieties

may be a fluorophore/quencher pair. In some instances, the interactive label moieties

may be covalently conjugated to the binding agent. In some cases, the interactive label

moieties may be conjugated to arm portions of the binding agent that are not

complementary to the target nucleic acid. In certain instances, the signaling moiety can

generate a positive fluorescent signal of a particular wavelength when the binding agent

is bound to the target nucleic acid in the open state and stimulated with an appropriate

light source.

As discussed above, the binding agent may be immobilized with respect to the

target nucleic acid as in step 130. The immobilization may be carried out using any

suitable technique. For example, in some embodiments, the binding agent and the target

nucleic acid may be heated and then cooled over a period of time to facilitate

immobilization (e.g., hybridization). In some embodiments, immobilization may occur

without the need for a heating-cooling cycle. In some cases, a chemical reaction may be

occur that immobilizes the binding agent with respect to the target nucleic acid. For

example, a crosslinking reagent may be used to bond the binding agent and the target

nucleic acid covalently.

The immobilization may, according to certain embodiments of the invention, be

effected in a short period of time. In some embodiments, the overall time for quantifying

a target nucleic acid can be significantly reduced because of the rapid immobilization

time. For example, in certain embodiments, a microfluidic system including a rapid

thermal cycler may be used to allow the binding agent and the target nucleic acid to

achieve the desired target temperatures such that the reaction can be completed in less

than 1 hour, in certain embodiments less than 30 minutes, in certain embodiments less

than 20 minutes, in certain embodiments less than 10 minutes, in certain embodiments

less than 5 minutes, in certain embodiments less than 1 minute, in certain embodiments

less than 30 seconds, in certain embodiments less than 10 seconds, in certain



embodiments less than 5 seconds, in certain embodiments less than 1 second, and in

certain embodiments substantially instantaneously. Devices and methods for thermal

cycling have been described, for example, in U.S. Patent Application Publication No.

2009/0023603, entitled "Methods for Rapid Multiplexed Amplification of Target

Nucleic Acids," filed April, 4, 2008, by Selden et al., which is incorporated herein by

reference.

In some embodiments, the signaling moiety may generate a detectable signal (i.e.,

measurable characteristic). In some embodiments, the detectable signal may be a light

signal (e.g., fluorescence or chemiluminescence). As discussed above, in some

embodiments, the detectable signal may be a characteristic light signal that results from

stimulating at least one member of a fluorescence resonance energy transfer (FRET) pair.

In some embodiments, the detectable signal may be absorbance of light having a

particular wavelength or wavelength range. In some cases, the signal may be a color

change that results, for example, from the action of an enzyme/suppressor pair or an

enzyme/cofactor pair on a substrate to form a detectable product. In some embodiments,

the detectable signal may be radiation, such as from a radiolabel. One of ordinary skill

in the art would be able to identify and implement other suitable detectable signals.

In some embodiments, the target nucleic acid may be quantified as in step 150.

In some embodiments, quantification may be achieved using a standard curve for target

nucleic acid concentration versus detectable signal generated, for example, using the

fluorescence values of a set of solutions that contained a range of known concentrations

of target nucleic acid combined with a binding agent comprising a signaling moiety and

plotting the fluorescence values against the known concentrations of target nucleic acid.

In some embodiments, for each solution containing a known concentration of target

nucleic acid, the methods as described above are performed to immobilize the binding

agent with respect to the target nucleic acid, and the signaling moiety is then detected.

Fitting a curve to the resultant plot, using a method such as a linear regression, can allow

the derivation of a general mathematical formula for calculating the concentration of

target nucleic acid in a sample having an unknown concentration of target nucleic acid

by inputting the detectable signal value of the sample, after the binding agent has been

immobilized with respect to the target nucleic acid, into the formula.



In another embodiment, a physical property of the signaling moiety may be used

to determine the concentration of a target nucleic acid. For example, the molar

absorptivity and quantum yield of a fluorescent signaling moiety at a particular

wavelength may be used to determine the concentration of target nucleic acid in solution

using techniques known to those skilled in the art. Generally, the fraction of target

nucleic acid having binding agent immobilized thereto would be determined and factored

into the quantification. The concentration of the target nucleic acid in a sample having

an unknown concentration of the target nucleic acid can be determined using the molar

absorptivity and quantum yield by measuring the fluorescence of the sample at the

wavelength that corresponds to the molar absorptivity and quantum yield as understood

by those skilled in the art.

In certain embodiments, the techniques and systems employed according to the

invention for the methods described herein allow rapid analysis or quantification of a

target nucleic acid. For example, a method that includes steps 120, 130, 140, and 150

may be completed within 10 seconds, within 30 seconds, within 1 minute, within 2

minutes, within 5 minutes, within 10 minutes, within 20 minutes, within 30 minutes,

within 45 minutes, or within 1 hour. In some cases, a method that includes steps 120,

130, and 140 may be completed in between 10 seconds and 1 hour, between 10 seconds

and 30 minutes, between 10 seconds and 5 minutes, between 10 seconds and 2 minutes,

or between 10 seconds and 1 minute.

In some embodiments, analysis of a target nucleic acid may allow quantification

of a small amount of target nucleic acid. For instance, the methods may be capable of

quantifying less than 100 ng, less than 50 ng, less than 20 ng, less than 10 ng, less 5 ng,

less than 2ng, less than 1 ng, less than 100 pg, less than 10 pg, less than 1 pg, less than

100 fg, less than 10 fg, or less than 1 fg of target nucleic acid. In some cases, the

methods may be capable of quantifying between 1 ng and 100 ng, between 10 pg and 20

ng, or between 1 fg and 5 ng of target nucleic acid. In some examples, the methods may

be capable of quantifying between 1 ng/microliter and 50 ng/microliter, between 1

pg/microliter and 10 ng/microliter, or between 1 fg/microliter and 5 ng/microliter of

target nucleic acid. In some embodiments, the methods may be capable of quantifying

fewer than 105 molecules, between 105 and 10 15 molecules, between 105 and 10 12

molecules, between 105 and lθ" molecules, between 105 and 10 10 molecules, or between



105 and 109 molecules. In some embodiments, the quantification may be accomplished,

even for samples containing native target nucleic acids at low concentration (e.g. certain

forensic samples) without the need to amplify the target nucleic acid. Of course, analysis

or quantification of target nucleic acid detection in amounts and/or concentrations

outside of these ranges may be accomplished by one or ordinary skill in the art.

In certain embodiments, the target nucleic acid may be analyzed in a small

volume of solution. In certain embodiments, performing the analysis in a microfluidic

system may be advantageous for reducing the volume of solution for performing the

analysis. In some cases, the detection may be carried out in less than 1 mL of solution,

less than 100 microliters of solution, less than 10 microliters of solution, less than 1

microliter of solution, less than 100 nanoliters of solution, less than 10 nanoliters of

solution, or less than 1 nanoliters of solution. In some embodiments, by using a small

volume of solution, the analysis can be performed much more rapidly than when using a

larger volume of solution. Thus, performing the analysis in a microfluidic system can be

advantageous for quantifying a target nucleic acid within a short period of time (i.e.,

within 1 hour or even less as described elsewhere herein).

As discussed above, in some embodiments, it may be advantageous to perform

the methods in a microfluidic system. In some, but not all embodiments, all components

of the systems and methods described herein are microfluidic. Examples of suitable

microfluidic systems are described in International Patent Application Publication No.

WO/2008/124104, entitled "Integrated Nucleic Acid Analysis," filed April, 4, 2008, by

Tan et al., and U.S. Patent Application Publication No. 2006/0260941, entitled

"Ruggedized Apparatus for Analysis of Nucleic Acid and Proteins," filed May 19, 2005,

by Tan et al., which are incorporated by reference herein. "Microfluidic," as used herein,

refers channels with at least one dimension less than 1 millimeter. The term

"microfluidic devices" or "biochip" generally refers to devices fabricated, for example

by using semiconductor manufacturing techniques, to create structures that can

manipulate tiny volumes (e.g. microliter, nanoliter or picoliter) of liquid, replacing

macroscale analytical chemistry equipment with devices that could be hundreds or

thousands time smaller and more efficient. For example, the channels of a biochip may

have cross-sectional dimensions ranging from 127 microns x 127 microns to 400

microns x 400 microns and reservoirs may range from 400 microns x 400 microns in



cross section to 1.9 mm x 1.6 mm. In some embodiments, channels and/or reservoirs

may extend for distances as short as 0.5 mm to several 10s of millimeters (e.g., greater

than 20 mm, greater than 30 mm, greater than 40 mm, or greater than 50 mm).

In some embodiments, the microfluidic system may be an automated system that

reduces the need for human intervention. An automated system may be advantageous

for reducing the quantification time of a target nucleic acid. For example, an automated

microfluidic system may be capable of performing one or more steps automatically

eliminating or reducing the need for user intervention, and thus reducing the time for

performing the one or more steps. Thus, automation may contribute, in some

embodiments, to the ability to quantify a target nucleic acid within 1 hour or even less as

described elsewhere herein.

In some embodiments, the quantification methods described herein may be

performed on a target nucleic acid before performing another procedure on the sample.

For example, the quantification may be performed on the target nucleic acid before a

reaction on the target nucleic acid (e.g., an amplification reaction). Other examples of

procedures include nucleic acid purification, nucleic acid amplification (e.g. both

singleplex and multiplex end-point PCR, real-time PCR, and reverse transcription PCR),

post amplification nucleic acid cleanup, nucleic acid sequencing, nucleic acid ligation,

nucleic acid hybridization, SNP analyses, and electrophoretic separation. In some cases,

one or more procedures may be performed on a target nucleic acid using the same

microfluidic system. For example, PCR and quantification of the target nucleic acid may

be performed using the same microfluidic system. In some embodiments, a procedure

may be performed in an active area of microfluidic system. In some cases, a

microfluidic system may contain one or more active areas. In some instances, each

procedure may be performed in a separate active area. In some embodiments, an active

area may be used for one or more procedures. For example, an active area may be used

for mixing a sample and a binding agent and may be used for determining the sample

(i.e., the active area may be both a mixing region and a detector region). In another

example, at least one of the active areas of the microfluidic device may comprise an area

configured to amplify nucleic acid via polymerase chain reaction (PCR). In some

embodiments, an amplifying step may occur in an active area configured to amplify

nucleic acid.



In some embodiments, the quantification methods described herein may provide

feedback for adjusting a parameter of the sample. For example, the results of target

nucleic acid quantification may indicate whether or not to dilute or concentrate the

sample. The results of target nucleic acid quantification may also indicate to what extent

to dilute or concentrate the sample. In some embodiments, the results of target nucleic

acid quantification may be used in an automated system to allow a precise quantity of

nucleic acids to be utilized for subsequent processing. In some cases, quantification may

be performed multiple times on a given sample, for example, before and after other

processing steps. In some cases, different volumes of the sample can be routed to

different regions of the biochip to allow parallel processing of the sample following a

single quantification step (e.g., based on quantification, different amounts of target

nucleic acid can be metered for subsequent processing such as PCR, SNP analysis, or

DNA sequencing).

In some embodiments, the biochip may comprise a plurality of microfluidic

channels and active areas for sample manipulation. In some embodiments, the method

may comprise a step after the quantifying step, where a selected quantity of the sample

fluid may be directed to an active area of the biochip. In some embodiments, the

selected quantity may be determined, at least in part, based on the results of the

quantifying step.

In some embodiments, it may be desirable to control the amount of target nucleic

acid subjected to a procedure such as PCR amplification. As described above, in some

embodiments, control of the amount of target nucleic acid can be achieved by

quantifying the target nucleic acid and then metering out the desired amount of target

nucleic acid to be subjected to a procedure. However, in some embodiments, a

procedure may be performed on a target nucleic acid before quantification or without

quantifying the target nucleic acid. For example, in some embodiments, PCR

amplification of a target nucleic acid may be performed without first quantifying the

target nucleic acid. In some embodiments, the target nucleic acid may be purified from a

sample to produce a reproducible quantity of purified target nucleic acid. For example,

the amount of target nucleic acid can be controlled by using a "cut-off approach. In this

approach, a binding membrane may be used that can bind a target nucleic acid up to a

threshold amount, above which substantially no additional target nucleic acid is bound



(i.e., the binding membrane may have a defined nucleic acid binding capacity).

Generally, binding of a target nucleic acid to the binding membrane comprises

contacting at least a portion of the sample with the binding membrane to bind the target

nucleic acid. In some embodiments, the nucleic acid binding capacity is essentially the

same as the reproducible quantity of purified target nucleic acid.

In some embodiments, sample amounts can be chosen such that the range of

target nucleic acid amounts contained in the samples is above the binding membrane

threshold amount, such that substantially all target nucleic acid in an amount greater than

the binding membrane threshold amount is not retained by the binding membrane. Thus,

the amount of target nucleic acid can be controlled without quantification for a sample

containing an unknown amount of target nucleic acid but containing an amount of target

nucleic acid above the binding membrane threshold amount. Such an approach may be

advantageous, for example, for decreasing the time needed to perform a procedure by

eliminating a quantification step.

In some cases, the binding membrane may contain one or more layers hi some

embodiments, the amount of nucleic acid bound by the binding membrane (i.e., binding

capacity) scales substantially linearly with the number of layers in the binding

membrane hi some embodiments, the binding capacity scales with the diameter of the

binding membrane. The diameter of the binding membrane may be, for example, at least

0.1 mm, at least 0.5 mm, at least 1 mm, at least 2 mm, at least 5 mm, or at least 10 mm.

hi some embodiments, the binding membrane may be a silica membrane capable of

binding a nucleic acid. As a non-limiting example, FIG. 12 shows the binding

performance of a 1 mm diameter binding membrane over a range of DNA inputs.

In some embodiments, the binding membrane threshold amount (i.e., saturation

amount) may be at least 50 ng, 100 ng, at least 200 ng, at least 300 ng, at least 400 ng, at

least 500 ng, at least 600 ng, at least 700 ng, at least 800 ng, or even more. In some

embodiments, the binding efficiency of the binding membrane may be less than 100%

such that an excess of target nucleic acid may be needed to saturate the binding

membrane. For example, at least 10% more, at least 20% more, at least 50% more, at

least 100% more, or at least 200% more target nucleic than the binding membrane

threshold amount may be needed to saturate the binding membrane.



The target nucleic acid may be eluted from the binding membrane using any

suitable method. For example, the target nucleic acid may be eluted by flowing a fluid

through the binding membrane having a pH within a particular range or a salt

concentration within a particular range. Other suitable methods will be known to those

of ordinary skill in the art.

In some embodiments, a quantification assay can be conducted in a microfluidic

biochip designed to be compatible with all the required process steps. This can be

advantageous, for example, in a human forensic identification casework biochip, where a

portion of the purified DNA solution may be directed to the quantification module, and

the remaining DNA may be available for aliquoting, for example, for STR amplification.

A central feature of the approach is that the quantification data may be utilized to define

the volume to be subjected to amplification. Depending on the application, the precise

volume or an approximate volume would be metered microfluidically. For example, if

the elution volume of the purified DNA is 100 µL and the volume of DNA solution

utilized for quantification is approximately 1 µL, the majority of the DNA will be

available for STR amplification. In some embodiments in which the quantity of nucleic

acids is known to be small but the precise quantity is unknown (e.g. forensic touch

samples), 10% or more of the eluted DNA can be utilized for quantification.

In some embodiments, the quantification method may be performed using a

microfluidic system. The microfluidic system may allow the sample containing the

target nucleic acid, the binding agent, and other reagents to be flowed through the

biochip. For example, a single biochip may have a region for PCR amplification,

fragment separation and detection, nucleic acid sequencing, ultrafiltration, and nucleic

acid quantification. In some embodiments, this multifunctional biochip may process one

or more samples in parallel. In some embodiments, the sample may be flowed to one or

more regions in the biochip where one or more procedures may be performed. The

sample may be flowing or stationary where one or more of the procedures is performed.

For example, although the sample is contained in a microfluidic device, it may not

necessarily in certain embodiments be flowing when the detection is performed.

In some cases, two or more procedures may be performed on the sample in the

same region. In some embodiments, the biochips described below may allow integration

of target nucleic acid quantification with one or more other procedures, as noted above.



Accordingly, an almost limitless number of combinations can be designed into the

biochip, allowing a complex set of manipulations to be completed on the biochip. One

skilled in the art will appreciate that the biochips of the invention can be designed to

perform a multitude of different types of analysis with essentially limitless process

complexity.

The "cross-sectional dimension" of the channel is measured perpendicular to the

direction of fluid flow. Most fluid channels in components of the invention have

maximum cross-sectional dimensions less than 2 mm, and in some cases, less than 1 mm.

In one set of embodiments, all fluid channels containing embodiments of the invention

are microfluidic or have a largest cross sectional dimension of no more than 2 mm or 1

mm. In another embodiment, the fluid channels may be formed in part by a single

component (e.g. an etched substrate or molded unit). Of course, larger channels, tubes,

chambers, reservoirs, etc. can be used to store fluids in bulk and to deliver fluids to

components of the invention. In one set of embodiments, the maximum cross-sectional

dimension of the channel(s) containing embodiments of the invention are less than 500

microns, less than 200 microns, less than 100 microns, less than 50 microns, or less than

25 microns.

A "channel," as used herein, means a feature on or in an article (substrate) that at

least partially directs the flow of a fluid. The channel can have any cross-sectional shape

(circular, oval, triangular, irregular, square or rectangular, or the like) and can be covered

or uncovered. In embodiments where it is completely covered, at least one portion of the

channel can have a cross-section that is completely enclosed, or the entire channel may

be completely enclosed along its entire length with the exception of its inlet(s) and

outlet(s). A channel may also have an aspect ratio (length to average cross sectional

dimension) of at least 2:1, more typically at least 3:1, 5:1, or 10:1 or more. An open

channel generally will include characteristics that facilitate control over fluid transport,

e.g., structural characteristics (an elongated indentation) and/or physical or chemical

characteristics (hydrophobicity vs. hydrophilicity) or other characteristics that can exert a

force (e.g., a containing force) on a fluid. The fluid within the channel may partially or

completely fill the channel. In some cases where an open channel is used, the fluid may

be held within the channel, for example, using surface tension (i.e., a concave or convex

meniscus).



The channel may be of any size, for example, having a largest dimension

perpendicular to fluid flow of less than about 5 mm or 2 mm, or less than about 1 mm, or

less than about 500 microns, less than about 200 microns, less than about 100 microns,

less than about 60 microns, less than about 50 microns, less than about 40 microns, less

than about 30 microns, less than about 25 microns, less than about 10 microns, less than

about 3 microns, less than about 1 micron, less than about 300 nm, less than about 100

nm, less than about 30 nm, or less than about 10 nm. In some cases the dimensions of

the channel may be chosen such that fluid is able to freely flow through the article or

substrate. The dimensions of the channel may also be chosen, for example, to allow a

certain volumetric or linear flow rate of fluid in the channel. Of course, the number of

channels and the shape of the channels can be varied by any method known to those of

ordinary skill in the art. In some cases, more than one channel may be used. For

example, two or more channels may be used, where they are positioned inside each

other, positioned adjacent to each other, positioned to intersect with each other, etc.

The microfluidic chips (i.e., biochips) of the invention can be primarily

composed of plastics. Useful types of plastics include, but are not limited to:

unsaturated, partially unsaturated or saturated cyclic olefin copolymers "COC,"

unsaturated, partially unsaturated, or saturated cyclic olefin polymers "COP,"

polymethylmethacrylate "PMMA," polycarbonate "PC," polypropylene "PP,"

polyethylene "PE," polyetheretherketone "PEEK," poly(dimethylsiloxane) "PDMA,"

and polyimide "PI." The term "poly(methyl methacrylate)" or "PMMA," as used herein,

means the synthetic polymers of methyl methacrylate, including but not limited to, those

sold under the tradenames Plexiglas™, Limacryl™, R-Cast™, Perspex™, Plazcryl™,

Acrylex™, ACrylite™, ACrylplast™, Altuglas™, Polycast™, and Lucite™, as well as

those polymers described in U.S. Patent Nos. 5,561,208, 5,462,995, and 5,334,424, each

of which are incorporated herein by reference. In some embodiments, a plastic having a

glass transition temperature greater than that of the maximal temperature to be utilized in

the amplification reaction may be selected. Any number of these processes and materials

can be used to fabricate the biochips described herein. In some embodiments, including

injection molding, hot embossing, and/or machining may be used. For example, the

biochips can be prepared by injection molding of a plastic substrate, for example, a COC

or COP based polymers (currently sold under the tradenames Topas™, Zeonex™,



Zeonor™, and Apel™). In this fabrication methodology, an injection mold and mold

insert consisting of the negative of the features to be formed may be fabricated by

machining and subsequent surface polishing. Together, the mold and insert may allow

the substrate layers to be fabricated and the formed substrate to comprise the channels,

reaction chamber features and vias. In some embodiments, the substrate and cover layers

can be diffusion bonded by the application of heat and pressure. Injection molded parts

may comprise gross features (such as fluid reservoirs) and/or fine features (such as

capillary valves). In some cases, it can be preferable to create fine features on one set of

parts and larger features on another set, because the approaches to injection molding of

these differently-sized features can vary. For large reservoirs (measuring several mm

(about 1 -50 mm) on a side and with depths of several mm (about 1-10 mm) and capable

of accommodating up to or more than hundreds of microliters), conventional molding

can be employed using machined injection molding tools. In some embodiments, the

tools can be burned into steel or other metal using a graphite electrode that has been

machined to be a negative of the tool. More information about materials and fabrication

methods are contained in U.S. Patent Application Publication No. 2009/0023603,

entitled "Methods for Rapid Multiplexed Amplification of Target Nucleic Acids," filed

April, 4, 2008, by Selden et al., which is incorporated herein by reference.

In some embodiments, a microfluidic system may include an instrument and a

microfluidic chip (i.e., a biochip), where the microfluidic chip is associated with the

instrument. In various embodiments, the biochip may have a plurality of features

integrated into the biochip. For example, a biochip may comprise components that

facilitate sample insertion; removal of foreign matter; removal of interfering nucleic

acids; concentration of cells of interest; amplification of nucleic acids; thermal cycling;

mixing of fluids; detection of signaling moieties; etc. In some embodiments, a pre

processing component of the biochip may accept a sample, performs initial removal of

particulates and foreign nucleic acid containing cells, and concentrate the cells of interest

into a small volume. In some embodiments, a sample tube may be used that can accept a

swab. The sample tube, for instance, may be filled with lysis solution to perform the lysis

and extraction step. As discussed above, the swab can be placed in contact with a

number of cell-containing sites, including a bloodstain, a fingerprint, water, an air filter,

or a clinical site (e.g., buccal swab, wound swab, nasal swab).



In some embodiments, the biochip may include a particulate filter, a purification

filter, beads, or other materials.

A variety of lysis and extraction methods can be employed as described in more

detail above. In some embodiments, lysis and extraction can be performed on a sample

containing 10 cells or less. Depending on the application, a smaller number of starting

cells can be utilized in the biochips and methods of the invention, less than 105, less, than

104, less than 103, less than, 102, less than 10, and, in cases when multi-copy sequences

are to be analyzed, less than 1.

In some embodiments, nucleic acid purification can be achieved by inserting a

purification medium between an input and output channel. In some cases, the

purification medium can be silica fiber based and use chaotropic-salt reagents to lyse the

biological sample, expose the target nucleic acid, and bind the target nucleic acid to the

purification media. The lysate may then be transported via the input channel through the

purification medium to bind the nucleic acids. In some embodiments, bound nucleic acid

may be washed by an ethanol based buffer to remove contaminants. In some cases, this

can be accomplished by flowing wash reagents via the input channel through the

purification membrane. In some instances, bound nucleic acid may be then eluted from

the membrane by flowing an appropriate buffer (e.g., a low salt buffer). Other solid

phases will be known to those of ordinary skill in the art. Essentially, any nucleic acid

purification method that is functional in a conventional setting can be adapted to the

biochip.

In some embodiments, the biochip may also contain different components for

integrating the functional modules. These modules involve, for example, the transport of

liquids from point to point on the biochip, the control of flow rates for processes that

may be flow-rate dependent, (e.g., washing steps, particle separation, and elution), the

gating of fluid motion in time and space on the biochip (e.g., through the use of some

form of valve), and the mixing of fluids.

A variety of methods can be used for fluid transport and controlled fluid flow.

One exemplary method is positive-displacement pumping, where a plunger in contact

with either the fluid or an interposing gas or fluid drives the fluid a precise distance

based on the volume displaced by the plunger during the motion. An example of such a

method is a syringe pump. Another exemplary method is the use of integrated



elastomeric membranes that are pneumatically, magnetically, or otherwise actuated. In

some embodiments, these membranes can be used as valves to contain fluids in a defined

space and/or prevent premature mixing or delivery of fluids. In some cases, when used

in series, these membranes can form a pump analogous to a peristaltic pump. For

example, by synchronized, sequential actuation of membranes, fluid can be "pushed"

from its trailing side as membranes on the leading side are opened to receive the moving

fluid (and to evacuate any displaced air in the channels of the device). Yet another

method for driving fluids and controlling flow rates is to apply vacuum or pressure

directly on the fluids themselves, by altering the pressure at the leading, trailing, or both

menisci of the fluid. Appropriate pressures (for example, in the range of 0.05-30 psi)

may be applied. Flow rates also can be controlled by properly sizing the fluidic

channels. Without wishing to be bound by any theory, the flow rate is proportional to

the pressure differential across the fluid and the hydraulic diameter to the fourth power

and inversely proportional to the length of the channel or the liquid plug and the

viscosity. Other methods for fluid transport will be known to those of ordinary skill in

the art.

In some embodiments, fluid gating can be achieved using a variety of active

valves. In some cases, an active value can include a piezoelectric valve or a solenoid

valve that, in some instances, can be directly incorporated into the chip. In some

embodiments, the valve may be external to the chip but in fluid communication with

ports on the main chip body. In some embodiments, passive valves, such as capillary

microvalves, may be used. In some cases, microvalves can use, for example, surface

energy and/or geometric features such as sharp edges to impede flow when the pressure

applied to the fluid is below a critical valve.

Mixing can be accomplished in a variety of ways. In some embodiments,

diffusion can be used to mix fluids, for example, by co-injecting the two fluids into a

single channel or chamber. In some embodiments, mixing can be enhanced. For

example, techniques such as lamination may be used, in which the fluid stream is divided

and recombined one or more times. In another embodiment, chaotic advection within the

flow channel can be created, for example, through the use of microstructure within the

channel. In systems using active pumps and valves, mixing can be accomplished by

cycling fluid between two points on the device multiple times.



An exemplary integrated biochip is shown in FIG. 2. The device integrates the

functions of reagent distribution and metering; mixing of reagents with samples; delivery

of samples to a thermal cycling portion of the chip; and thermal cycling. This exemplary

biochip has several functional regions that perform PCR amplification (101), Sanger

sequencing (102), and ultrafiltration (103), and quantification (104). Individual samples

(containing unpurif ϊ ed, partially purified, or purified DNA) may be transferred to sample

input ports (105). PCR reaction solution may be transferred to the biochip and mixed

with samples in the four amplification reaction chambers (within 101) via pneumatic

pressure on the PCR reagent reservoir and channel (106). Following thermal cycling, the

amplified samples may be transported (again by pneumatic pressure) to the sequencing

chambers of region 102. In some instances, sequencing reaction solution (e.g., Sanger

sequencing reaction solution) may be transferred to the biochip and mixed with the four

amplified samples via pneumatic pressure on the sequencing reagent reservoir and

channel (107). Following cycle sequencing, the samples may be transported to region

103 for ultrafiltration. As the sequenced material is fluorescently labeled, quantification

can be performed in region 104. In this case, quantification can be utilized to ensure an

appropriate amount of material is loaded into a subsequent separation and detection

process.

In some embodiments, following optional DNA purification, the DNA solution

may be transferred to a chamber for mixing with the binding agent, and transferred to a

channel, region or chamber for quantification, optionally without prior amplification. In

some cases, following quantification, purified DNA would be metered for subsequent

processing. In some embodiments, the samples (e.g., test fluids) may be delivered to an

analysis chamber. In some embodiments, the test fluid may be located in a detector

region e.g. region 104. In some cases, the test fluid may be flowing or stationary. For

example, the method may comprise a locating step comprising flowing the test fluid to

the detector region in the microfluidic channel. In another example, the method may

comprise a locating step comprising flowing the test fluid through the detector region of

the microfluidic channel during detection. The analysis chamber or detector region may,

in some instances, be in thermal cycling portion of the chip. In some embodiments, the

locating step may comprise maintaining the test fluid stationary at a region and moving a

detector into alignment with the region to transform the region into the detector region.



As discussed above, the system may comprise a thermal cycling function. The

thermal cycling function may capable of cycling between two or more temperatures. For

example, the thermal cycling function may be capable of heating and cooling. In some

cases, the thermal cycling function can change the temperature of a sample in the thermal

cycling portion of the biochip rapidly. For example, the thermal cycling function may be

capable of changing the temperature of the sample at a rate of 1 °C/second, 5 °C/second,

10 °C/second, 20 °C/second, 30 °C/second, 50 °C/second, 100 °C/second, or 200

°C/second. The thermal cycling function may also be capable of holding the temperature

of the sample at a particular temperature for a period of time.

In some embodiments, the analysis chamber may be fabricated between an input

and an output channel. In some cases, the system may allow a sample to be flowed

through the analysis chamber. In some embodiments, the analysis chamber may be in

proximity to a detection system for detecting the detectable signal of the signaling

moiety in the analysis chamber. For example, in some embodiments, the analysis

chamber may be in proximity to an optical excitation and detection system to allow

fluorescence from the sample to be measured.

In some embodiments, the system comprises an excitation and/or detection

subsystem for interacting with a sample. In some embodiments, the excitation

subsystem comprises one or more excitation sources. In some embodiments, the

excitation subsystem comprises an excitation beam path with optical elements including,

but not limiting to, lenses, pinholes, mirrors and objectives, to condition and/or focus the

excitation source in an excitation/detection window. In some embodiments, optical

excitation of a sample can be accomplished by one or more lasers (e.g., a dual laser

system). In some cases, the laser emission wavelength may be in the visible region, e.g.,

between 400 to 650 nm. For example, solid state lasers can provide emission

wavelengths of approximately 460 nm, 488 nm, and 532 nm. These lasers include, for

example, the Compass, Sapphire, and Verdi products from Coherent (Santa Clara, CA).

Gas lasers can include argon-ion and helium neon with emission in the visible

wavelengths at approximately 488 nm, 514 nm, 543 nm, 595 nm, and 632 nm. Other

lasers with emission wavelengths in the visible region are available from CrystaLaser

(Reno, NV). In one embodiment, a 488 nm solid state laser Sapphire 488-200 (Coherent,

Santa Clara, CA) can be utilized. In another embodiment, a light source with wavelength



beyond the visible range can be used for exciting dyes having absorption and/or emission

spectra beyond the visible range (e.g., infrared or ultra-violet emitting dyes).

Alternatively, optical excitation can be achieved by the use of non-laser light sources

with emission wavelengths appropriate for dye excitation, including light emitting

diodes, and lamps.

In some embodiments, the detection subsystem comprises one or more optical

detectors, a wavelength dispersion device (which performs wavelength separation), and

one or a series of optical elements including, but not limited to, lenses, pinholes, mirrors

and objectives to collect emitted fluorescence from signaling entity present at the

excitation/detection window. The fluorescence emitted can be from a single dye or a

combination of dyes. In order to discriminate the signal to determine its contribution

from the emitting dye, wavelength separation of the fluorescence can be utilized. This

can be achieved, for example, by the use of dichroic mirrors and bandpass filter elements

(available from numerous vendors including Chroma, Rockingham, VT). In this

configuration, the emitted fluorescence passes through a series of dichroic mirrors where

one portion of the wavelength will be reflected by the mirror to continue traveling down

the path, and the other portion will pass through. A series of discrete photodetectors,

each one positioned, for example, at the end of the dichroic mirror can be used to detect

light over a specific range of wavelengths. In some embodiments, a bandpass filter can

be positioned between the dichroic mirror and photodetector to further narrow the

wavelength range prior to detection. Optical detectors that can be utilized to detect the

wavelength-separated signals include photodiodes, avalanche photodiodes,

photomultiplier modules, and charge-coupled device (CCD) cameras. These optical

detectors are available from suppliers such as Hamamatsu (Bridgewater, NJ).

In certain embodiments, it may be advantageous to use a single optical train for

both quantification and laser induced fluorescence detection. For example, by using

given optical components for two or more functions, it is possible to reduce the volume,

weight, and cost of the instrument. A single optical train may comprise optical elements

that couple the excitation source to the optical interrogation chambers of the

quantification module and the excitation/detection window of the separation and

detection module. In some embodiments, the optical train may also couple the light from

the optical interrogation chambers (i.e., analysis chambers) of the quantification module



and the excitation/detection window of the separation and detection module through the

wavelength separation element and to the optical detectors. In some embodiments, the

optical elements include lenses, mirrors, dichroic mirrors, band pass filters, scanners,

translation stages, light sources, and/or detectors.

Generally, the optical train may accomplish one or more of the following

objectives. In some cases, the optical train may maximize excitation efficiency by

efficiently coupling the excitation source to the optical interrogation chamber. In some

cases, the optical train may maximize excitation efficiency by efficiently coupling the

excitation source to the excitation/detection window of the separation and detection

module. In some cases, the optical train may maximize fluorescence collection

efficiency by minimizing losses between the optical interrogation chamber and the

detector. In some cases, the optical train may maximize fluorescence collection

efficiency by minimizing losses between the excitation/detection window and the

detector. In some cases, the optical train may minimizing the number of optical elements

by maximizing the number of shared elements between the excitation path and the

detection paths. In some cases, the optical train may minimize number of optical

components by maximizing the number of shared elements between the quantification

module and the separation and detection module. In some cases, the optical train may

use a single laser for excitation of the quantification module and the separation and

detection module. In some cases, the optical train may use a common wavelength

separation and detector module for the microfluidics quantification and microfluidic

separation and detection modules. In some cases, the optical train may use commercially

available components and select components that can withstand the vibration of transport

and wide variations in temperature.

FIGs. 3 and 4 show a schematic of an embodiment of an optical train

configuration for both microfluidics quantification and separation and detection. The

excitation path comprises a laser source (201), short pass dichroic mirror (202), a

translation mirror (209), and a fixed mirror (208) pair that can allow the beam path to be

directed to the quantification or the separation and detection portion of the biochip. In

instances when the translation mirror (209) is in the quantification position, the

excitation beam may be directed to a lens (203), a first scanning mirror (205), and a lens

and objective assembly (204). The scanning mirror (205) may direct the excitation beam



to each of the quantification channels (206) within the biochip. Alternatively, with the

translation mirror (209) in the separation and detection position, the excitation beam may

be directed to a lens (203b), a second scanning mirror (205b), and a lens and objective

assembly (204b). The second scanning mirror (205b) may direct the excitation beam to

each of the separation and detection channels (207) within the biochip. In this

configuration, the laser source (201) is common to the quantification and separation and

detection beam paths. Alternative optical excitation sources to the laser include LEDs

and lamps.

The detection beam path may comprise the wavelength separation and detection

element (21 1), a pinhole (210), and a lens (203). The detection beam path and excitation

beam path may share common elements from the dichroic mirror (202) to the

quantification channels (206) and from the dichroic mirror (202) to the separation and

detection channels (207). The wavelength separation element may include a set of

dichroic mirrors and bandpass filters to separate the wavelength components of the

incoming fluorescence. These can either be discrete elements or they can be integrated

in a single subassembly. Alternatively, wavelength separation can be achieved with a

spectrograph or a prism. The detection elements include PMTs which can be discrete or

integrated modules with multiple anodes. In this optical train configuration, the

wavelength separation and detection module (21 1) may be common to quantification and

the separation and detection modules.

In this optical train, a translation mirror (209) and fixed mirror (208) may be used

to set the excitation and detection beam path for microfluidic quantification or

microfluidic separation and detection. Channel to channel selection for microfluidic

quantification may be achieved with the first scanning mirror (205), and channel to

channel selection for microfluidic separation and detection may be achieved with a

second scanning mirror (205b). The schematic of FIG. 3 shows the optical train

configured to excite and interrogate the quantification chambers. The schematic of FIG.

4 shows the optical train configured to excite and detect from the separation and

detection channels of the separation and detection module.

FIGs. 5 and 6 show schematics of an alternate optical train that can be used for

both microfluidic quantification and separation and detection. The excitation path

comprises of a laser source (201), short pass dichroic mirror (202), a translation mirror



(209), and a fixed mirror (208) pair that allows the beam path to be directed to the

quantification or the separation and detection portion of the biochip. In instances when

the translation mirror (209) is in the quantification position, the excitation beam may be

directed to a lens (203c) and a first and second mirror (205c and 205d). The beam may

then be directed to a translation mirror assembly (212). This assembly includes a mirror

that may be mounted on a programmable translation stage. The translation mirror

assembly (212) can direct the excitation beam to each of the quantification chambers

(206) within the biochip. Alternatively, with the translation mirror (209) in the

separation and detection position, the excitation beam may be directed to a lens (203b), a

second scanning mirror (205b), and a lens and objective assembly (204b). The second

scanning mirror (205b) may direct the excitation beam to each of the separation and

detection chambers (207) within the biochip. In this configuration, the laser source (201)

may be common to the quantification and separation and detection beam paths.

Alternative optical excitation sources include LEDs and lamps.

The detection beam path comprises the wavelength separation and detection

element (21 1), a pinhole (210), and a lens (203). The detection beam path and excitation

beam path may share common elements from the dichroic mirror (202) to the

quantitation channels (206) and from the dichroic mirror (202) to the separation and

detection channels (207). The wavelength separation element includes a set of dichroic

mirrors and bandpass filters to separate the wavelength components of the incoming

fluorescence. These can either be discrete elements or they can be integrated in a single

subassembly. Alternatively, wavelength separation can be achieved with a spectrograph

or a prism. The detection elements include PMTs which can be discrete or integrated

modules with multiple anodes. In this optical train configuration, the wavelength

separation and detection module (21 1) may be common to quantification and the

separation and detection modules.

In this optical train, a translation mirror (209) and fixed mirror (208) may be used

to set the excitation and detection beam path for microfluidic quantification or

microfluidic separation and detection. Channel to channel selection for microfluidic

quantification may be achieved with the translation mirror assembly (212), and channel

to channel selection for microfluidic separation and detection may be achieved with a

scanning mirror (205b). The schematic of FIG. 5 shows the optical train configured to



excite and interrogate the quantification chambers. The schematic of FIG. 6 shows the

optical train configured to excite and detect from the separation and detection channels

of the separation and detection module.

A third approach is the use of a miniaturized excitation source which can be a

laser, LED, or lamp, a wavelength separation element, and a detector, all of which may

be mounted on a translation stage (213) (FIG. 7). The translation stage can allow each of

the quantification channels (206) to be interrogated. In this approach, excitation,

wavelength separation and detection module for the quantification system may be

independent of the separation and detection system. The optical train for separation and

detection can include the elements described in FIGs. 3, 4, 5, and 6.

A fourth approach for the interrogation of the quantification channels is to

simultaneously excite all the quantification chambers with a laser, LED, or lamp.

Fluorescence from all the quantification chambers may be collected by a lens and passed

through a diffraction element to spatially separate the wavelength components of the

fluorescence. This may be then imaged onto a CCD camera or a 2-dimensional detector

array. In this configuration, one axis of the detector array can correlate to channels of the

quantification chambers, and the other axis of the detector array can correlate with the

fluorescence wavelength. The optical train for separation and detection can include the

elements described in FIGs. 3, 4, 5, and 6. In this configuration, the excitation source

can be common for both the quantification and separation and detection modules.

In one embodiment, wavelength components are separated by the use of dichroic

mirrors and bandpass filters and these wavelength components are detected with

Photomultiplier Tube (PMT) detectors (H7732-10, Hamamatsu). The dichroic mirror

and bandpass components can be selected such that incident light on each of the PMTs

consists of a narrow wavelength band corresponding to the emission wavelength of the

fluorescent dye. The band pass may be selected to be centered about the fluorescent

emission peak with a band pass of wavelength range of between 1 and 50 nm. The

system may be capable of one, two, three, four, five, six, seven, or even eight color

detection and can be designed with one, two, three, four, five, six, seven, or even eight

PMTs and a corresponding set of dichroic mirrors and bandpass filters to divide the

emitted fluorescence into eight distinct colors. More than eight dyes can be detected by

applying additional dichroic mirrors, bandpass filters and PMT. FIG. 8 shows a beam



path for discrete bandpass filter and dichroic filter implementation, according to one

embodiment. An integrated version of this wavelength discrimination and detection

configuration is the H9797R, Hamamatsu, Bridgewater, NJ.

Another method of discriminating the dyes that make up the fluorescence signal

involves the use of wavelength dispersive elements and systems such as prisms,

diffraction gratings, transmission gratings (available from numerous vendors including

ThorLabs, Newton, NJ; and Newport, Irvine, CA; and spectrographs (available from

numerous vendors including Horiba Jobin-Yvon, Edison, NJ). In this embodiment, the

wavelength components of the fluorescence may be dispersed over a physical space.

Detector elements placed along this physical space may detect light and allow the

correlation of the physical location of the detector element with the wavelength.

Exemplary detectors suitable for this function include array-based and include multi

element photodiodes, CCD cameras, back-side thinned CCD cameras, multi- anode

PMT. One skilled in the art will be able to apply a combination of wavelength

dispersion elements and optical detector elements to yield a system that is capable of

discriminating wavelengths from the dyes used in the system.

hi another embodiment, a spectrograph may be used in place of the dichroic and

bandpass filters to separate the wavelength components from the excited fluorescence.

Details on an exemplary spectrograph design are available in John James, Spectrograph

Design Fundamental. Cambridge, UK: Cambridge University Press, 2007. In some

embodiments, the spectrograph P/N MF-34 with a concave holographic grating with a

spectral range of 505 - 670 run (P/N 532.00.570) (HORIBA Jobin Yvon Inc, Edison, NJ)

may be used in this application. Detection can be accomplished with a linear 32-element

PMT detector array (H7260-20, Hamamatsu, Bridgewater, NJ). In some embodiments,

collected fluorescence may be imaged on the pinhole, reflected, dispersed, and imaged

by the concave holographic grating onto the linear PMT detector that is mounted at the

output port of the spectrograph. In some cases, the use of a PMT-based detector takes

advantage of the low dark noise, high sensitivity, high dynamic range, and rapid

response characteristic of PMT detectors. In some embodiments, the use of a

spectrograph and multi-element PMT detector for detection of excited fluorescence

allows for flexibility in the number of dyes and the emission wavelength of dyes that can

be applied within the systems and within the lane, without the need for physically



reconfϊguring the detection system (i.e., the dichroic mirror, bandpass, and detector) of

the instrument. In some embodiments, the data collected from this configuration may be

a wavelength dependent spectra across the visible wavelength range for each scan for

each lane. In some cases, generating a full spectrum per scan provides dye flexibility

both in terms of dye emission wavelength and number of dyes that can be present within

a sample. In addition, the use of the spectrometer and linear multi-element PMT detector

also can allow for extremely fast read-out rates as all the PMT elements in the array may

be read-out in parallel. FIG. 9 shows the beam path for multi- element PMT and

spectrograph implementation, according to one embodiment.

In some embodiments, the instrument may employ a staring mode of operation to

detect multiple lanes simultaneously and/or multiple wavelengths simultaneously. In one

configuration, the excitation beam may be simultaneously impinged on all lanes at the

same time. In some embodiments, the fluorescence may be collected by a two

dimensional detector such as a CCD camera or array. For example, one dimension of the

detector may represent the physical wavelength separation, while the other dimension

may represent the spatial or lane-lane separation.

For simultaneous excitation and detection of multiple samples, a scanning mirror

system may be utilized to steer both the excitation and detection beam paths in order to

image each of the lanes of the biochip. In this mode of operation, the scanning mirror

steers the beam paths, scanning sequentially from lane to lane from the first lane to the

last lane, and the repeating the process again from the first lane to the last lane again. A

lane-finding algorithm may be used to identify the location of the lane.

An embodiment of an optical detection system for simultaneous multiple lane and

multi dye detection is shown in FIG. 24. The fluorescence excitation and detection

system 40 excites the signaling moiety (e.g., the signaling moiety of a binding agent

comprising a signaling moiety immobilized with respect to a target nucleic acid) by

scanning an energy source (e.g., a laser beam) through a portion of each of the

microchannels while collecting and transmitting the induced fluorescence from the dye

to one or more light detectors for recordation, and ultimately analysis. In one

embodiment, the fluorescence excitation and detection assembly 40 includes a laser 60, a

scanner 62, one or more light detectors 64, and various mirrors 68, spectrograph, and

lenses 72 for transmitting a laser beam emitted from the laser 60 through opening 42 to



the test module 55 and back to the light detectors 64. The scanner 62 moves the

incoming laser beam to various scanning positions relative to the test module 55.

Specifically, the scanner 62 moves the laser beam to a pertinent portion of each micro

channel within the test module 55 to detect respective separate components. The multi

element PMT 64 (i.e., the light detector) collects data (e.g. the fluorescent signals from

DNA fragments of varying length) from the test module 55 and provides the data

electronically through a cable to a data acquisition and storage system (not shown). In

one embodiment, the data acquisition and storage system can include a ruggedized

computer available from Option Industrial Computers (13 audreuil-Dorion, Quebec,

Canada).

In some embodiments, a signal processing algorithm may be used to correct,

filter, and/or analyze the data. This process may comprise steps such as locating a

callable signal, correcting the signal baseline, filtering out noise, removing color cross

talk, and/or identifying signal peaks. For example, locating the callable signal may be

performed by employing a threshold. This procedure may be used to remove extraneous

data from the beginning and end of the signal. In some embodiments, the background

may be removed from the signal, for example, so that the signal may have a common

baseline for all detected colors. In some cases, a lowpass filter may be applied to remove

high frequency noise from the signal.

In one embodiment, a kit may be provided, containing one or more of the above

compositions. A "kit," as used herein, typically defines a package or an assembly

including one or more of the compositions of the invention, and/or other compositions

associated with the invention, for example, as previously described. Each of the

compositions of the kit may be provided in liquid form (e.g., in solution), in solid form

(e.g., a dried powder), etc. A kit of the invention may, in some cases, include

instructions in any form that are provided in connection with the compositions of the

invention in such a manner that one of ordinary skill in the art would recognize that the

instructions are to be associated with the compositions of the invention. For instance, the

instructions may include instructions for the use, modification, mixing, diluting,

preserving, administering, assembly, storage, packaging, and/or preparation of the

compositions and/or other compositions associated with the kit. The instructions may be

provided in any form recognizable by one of ordinary skill in the art as a suitable vehicle



for containing such instructions, for example, written or published, verbal, audible (e.g.,

telephonic), digital, optical, visual (e.g., videotape, DVD, etc.) or electronic

communications (including Internet or web-based communications), provided in any

manner.

In this description terms such as "target nucleic acid", "oligonucleotide,"

"binding agent," "nucleic acid," "strand," and other like terms in the singular. One of

ordinary skill in the art will understand that many terms used to describe molecules may

be used in the singular and refer to either a single molecule or to a multitude. For

example, although a target nucleic acid may be detected by a binding agent in an assay,

an assay may require many copies of binding agent and many copies of target nucleic

acid. In such instances, terms are to be understood in context. Such terms are not to be

limited to meaning either a single molecule or multiple molecules.

The following examples are intended to illustrate certain embodiments of the

present invention, but do not exemplify the full scope of the invention.

EXAMPLE 1

This example describes the system used in the examples below.

The system comprises an instrument for separation and detection of labeled

DNA fragments and is described in more detail in U.S. Patent Application

Publication No. 2009/0023603, entitled "Methods for Rapid Multiplexed

Amplification of Target Nucleic Acids," filed April, 4, 2008, by Selden et al.,

which is incorporated herein by reference. The instrument is ruggedized for

field and laboratory use, has low power consumption, and is CE marked under

the Low Voltage Directive 73/23/EEC. DNA separation takes place within a 16

sample biochip and custom sieving matrix by applying appropriate loading, pullback,

and separation voltages through a high voltage subsystem. A laser induced

fluorescence detection subsystem excites and collects fluorescence from the labeled

DNA fragments that pass through the excitation and detection zone of the biochip.

Separations carried out by applying a 150 V/cm and 300 V/cm electric field along the

separation channel are completed in 28 and 15 minutes respectively providing fast

separations with better than single base pair resolution and detecting the product of

PCR amplifications of single copy targets.



System configuration. The subsystems (pneumatic, thermal cycling, and

separation and detection subsystems) are controlled by a rack mounted ruggedized

industrial computer. This computer has the functionality of a full-sized desktop

computer and includes a 17 inch LCD display, a full sized keyboard, and mouse.

FluidManipulation Instrumentation. Fluid flow through biochips is effected by

systematic application of pressures to ports located at the ends of fluidic channels.

When a pressure less than the burst pressure of a capillary valve is applied, fluids will

flow along the channel and stop at the capillary valve. Fluids will flow through the

valve when a pressure greater than the burst pressure of the valve is applied. A

pneumatic system is also used to close membrane valves by applying a pressure to

push a membrane against a valve seat. The sealing pressure of the membrane valve

is a function of the applied sealing pressure. Pressures are generated by miniature

diaphragm pumps and pressure regulators to provide five discrete pressure levels

which are selected and applied to the output. The system provides eight outputs

which are connected to the manifold through ports on the biochip. The pneumatic

subsystem is computer controlled to achieve the desired flow control. The

pneumatic subsystem through systematic application of specific pressure levels to the

biochip effects fluid flow to carry out the lysis and PCR within the biochip. FIG.

10 shows an exemplary photograph of a biochip.

Thermal Cycler Subsystem. The thermal cycler comprises a high output

thermoelectric module (TEM) mounted on a high efficiency heat sink and fan assembly (heat

pump). A cover clamps down on the biochip to provide compression and efficient thermal

transfer between the TEM and the reaction chamber. Thermal losses to the cover are

minimized by a layer of insulation between the biochip and cover assembly. Temperature

sensors at surface of the TEM and within a reaction chamber provide feedback to allow rapid

ramping to and stability at the desired setpoint temperature. The measured heating and cooling

rates at the TEM surface are 2 1.6 °C/sec and 21.7 °C/sec, and the measured heating and

cooling rates of the reaction solution are 14.8 °C/sec and 15.4 °C/sec. Reaction solutions are

heated and cooled 7-fold faster in this thermal cycler compared to that in a fast commercial

cycler. Minimal transition times between states allow for rapid and controlled heating and

cooling of reaction solutions within the biochip. FIGs. 11 and 12 show exemplary

photographs of a thermal cycler.



The existing TEM, heatsink, and fan assembly described above has been designed

to mount directly to the chip chamber and positioned to center the PCR chambers on the TEM.

The surface of the TEM is positioned to maximize contact with and minimize stress on the

biochip. Thermocouple sensors mounted on the surface of the TEM are accommodated by

designing the biochip to allow mounting pockets for the sensors. Thermal isolation between

the TEM and the rest of the chip chamber is achieved with thermal breaks to minimize non-

uniformity in heating and also maximize thermal response. The compression cover is

modified to accommodate the format of the purification module and biochip and is utilized to

generate the desired pressure for efficient thermal transfer between the TEM and reaction

chambers. Thermal isolation between the reaction chamber and cover is accomplished by

fabricating an air pocket above the reaction chambers. Ramping and performance of the

thermal cycler is characterized by placing a thermocouple within the 16 PCR reaction

chambers of the biochip.

Separation end Detection Subsystem. The high voltage connections are mounted to

the cover of the instrument and make contact to the biochip when the cover is closed. The

laser induced fluorescence subsystem is integrated into the instrument with no modification to

the optical beam path or subsystem components. The heater subsystem is mounted within

the chip chamber.

System status. The thermal cycling subsystem provides the user with device status including

cycle number, remaining process time, and current block and solution temperatures.

User feedback is provided via the keyboard. AH run data is stored on the control computer

and also transferred by Ethernet to a process database. During separation and detection on the

instrument, the control computer indicates the step being executed hi addition, real-time

electropherograms for each of the 16 lanes and process parameters including separation

channel current and substrate temperature are displayed. The onboard computer alerts the

user to the time remaining until annual maintenance, the result of system power-on self

test (POST), and the name of any subsystem that has failed or requires immediate

maintenance.

EXAMPLE 2

This example demonstrates DNA quantification by microfluidic Picogreen assay

using a THOl locus probe.



An injection molded 16-lane biochip with optically clear reaction chambers was

fabricated to allow interrogation of the reaction products with the optical system

described above. Each lane in the biochip holds approximately 7 µL reaction mix and

allows amplification of 16 individual samples simultaneously. PCR conditions were

carried out as previously described (Giese et al., "Fast Multiplexed PCR for

Conventional and Microfluidic STR Analysis." (2009) J . Forensic Sci. Vol. 54, Issue 6,

pages 1287-1296). The primer pairs used to target the single-copy human tyrosine

hydroxylase gene, THOl (Swango et al., "Developmental validation of a multiplex

qPCR assay for assessing the quantity and quality of nuclear DNA in forensic samples."

(2007) Forensic. Sci. Int. Vol. 170, Issue 1, pages 35-45), were:

THOl Forward Primer: 5' - AGG GTA TCT GGG CTC TGG - 3' (SEQ ID NO:

1)

THOl Reverse Primer: 5' - GCC TGA AAA GCT CCC GAT TAT - 3' (SEQ ID

NO: 2)

Stock 10 ng/µL of 9947A genomic DNA (MCLab, South San Francisco, CA) was used to

generate a standard curve by adding appropriate quantities of DNA in 4 µL volumes to

the reaction mix. This standard curve contained 7 different concentrations of genomic

DNA - 0 ng, 0.4 ng, 1 ng, 4 ng, 10 ng, 20 ng and 40 ng - to use for data fitting of

unknown (human and nonhuman) genomic DNA samples. Standard curve samples were

analyzed in quadruplicate. Amplification was initiated with 20 seconds activation at 93

0C followed by 28 cycles of [93 0C for 4 seconds, 58 0C for 15 seconds, 70 0C for 7

seconds] and final extension for 90 seconds at 70 0C. Completion time was

approximately 17 minutes.

Following amplification, Picogreen reagent® (Invitrogen) was diluted 1:200 in

TE-4 (10 mM Tris pH 8, 0.01 mm EDTA) buffer and 9 µL of reagent was is added to 1

µL of PCR product. The resulting solution was incubated for 5 minutes at room

temperature, protected from light. From the 10 µL sample, approximately 6 µL was

loaded into a lane of a separation and detection biochip for instrument laser detection.

The instrument laser was set to appropriate laser power, gain and integration time to

avoid photobleaching of the dye. The laser was set to output 20 mW and an OD2 neutral

density filter (Thorlabs, Newton, NJ) was used to attenuate the output power to 0.2 mW.



The gain of blue PMT was set to 30% of full scale, gain of red, yellow, and green set to

0, and the refresh rate set to 5 Hz.

Samples were assayed in quadruplicates. When the laser shutter is opened, the

signal will increase to a maximum and then start to decrease. The fluorescence signal

strength 1 second (of 5 readings) from the maximum signal was recorded. An increase in

fluorescence signal signal was observed with increasing input DNA. A plot of input

DNA versus relative fluorescence units (RFU) from the instrument has R2=0.999 and

was used as standard curve for extrapolating unknown DNA samples (FIG. 13). FIG. 14

is the output RFU data from laser detection as a function of lane displacement.

Genomic DNAs purified from canine buccal swabs, bacteria (Bacillus cereus),

yeast {Saccharomyces cerevisiae), human buccal swabs and human whole blood were

used to evaluate the assay. Bacterial DNA was extracted from bacterial cells or pellets.

Canine (Canisfamiliaris) DNA was extracted from buccal swabs. Genomic yeast DNA

was obtained from ATCC (Manassas, Virginia). Fresh human whole blood samples

containing EDTA as anticoagulant were obtained on ice from Research Blood

Components, L.L.C. (Brighton, MA). Human buccal swab samples were obtained by

moving cotton swabs (Bode SecurSwab™) up and down several times on the inside

buccal surface of human subjects. Canine buccal swab samples were obtained similarly.

All DNA purifications were performed using guanidinium-based lysis reagents and

purification via silica-DNA binding spin columns.

Concentrations of these DNA samples were assessed by extrapolating the RFU

values from the standard curve generated at the time of the experiment. DNA

concentrations were also measured by UV absorbance using a Nanodrop

spectrophotometer (Thermo Scientific, Wilmington, DE). Values reported in Table 1 are

average values +/- one standard deviation.

Table 1.

DNA amount (ng)

DNA Samples Tested Absorbance Microfluidic

Picogreen

Non-human Samples Only

Bacillus cereus 9.5 +/- 0.7 None detected



Saccharomyces cerevisiae 16 +/- 1 None detected

Canis familiaris 9.5 +/- 0.7 None detected

Non-human Samples Spiked with 10 ng Human DNA

10 ng Bacillus cereus + 10 ng Human DNA 19.5 +/- 0.7 11 +/- 1

16 ng Saccharomyces cerevisiae + 10 ng Human DNA 26 +/- 1 11 +/- 2

10 ng Canis familiaris + 10 ng Human DNA 19.5 +/- 0.7 6 +/- 1

Mock Casework DNA Samples

Human Child Buccal Swab DNA 10.2 +/- 0.3 12 +/- 3

Human Adult Buccal Swab DNA 9.5 +/- 0 .7 12 +/- 2

Human Adult Whole Blood DNA 39 +/- 1 38 +/- 4

Non-human DNA samples generated only background fluorescence signals in the

Picogreen assay but could be detected by UV absorbance. In contrast, known quantities

of human genomic DNA spiked with non-human DNA generated signals that

corresponded to the human DNA contribution. Values obtained from absorbance at 260

nm for human DNA sources were close to values from Picogreen curve data fitting. Not

only did output fluorescence signal increase in the presence of higher human genomic

DNA template but also, data demonstrated human specificity of the THOl primers.

The advantages of the approach over conventional assays (e.g., BodeQuant; The

Bode Technology Group, Inc., Lorton, VA) include a substantial reduction in both

sample volume and amplification time. For example, amplification following the

BodeQuant protocol requires 25 µL of reaction mixture and greater than 60 minutes for

alO-cycle profile. For fluorescence detection, BodeQuant uses a 96-well assay with 200

µL reaction volume per well on a plate reader. Furthermore, platereader-based assays

can be quite difficult to integrate in a microfluidic biochip format. In contrast, the

microfluidic assay described here used 7 µL, and the 28-cycle amplification was

completed in 17 minutes. The incorporation of the OD2 neutral density optical filter

reduces laser power by 100-fold, indicating that the number of amplification cycles and

total process time can be reduced significantly.

With laser detection and the OD2 optical filter in place, only approximately 0.353

nl of the 10 µl Picogreen reaction solution was actually excited and detected based on the

laser excitation beam diameter of 30 µm and a 0.5 mm chamber depth. Accordingly, in



this configuration, the limit of detection (LOD) of the system is 0.005 picogram of DNA.

The combination of microfluidic volumes and laser detection led to a powerful assay. If

the OD2 filter is not utilized, the LOD is 0.05 femtograms. Chamber dimensions can be

selected to allow an even smaller LOD if desired.

EXAMPLE 3

This example demonstrates DNA quantification by microfluidic picogreen assay

using an AIu locus probe.

The use of a repetitive locus for quantification may allow further reduction in

reaction time and improvement in LOD. Human AIu sequences are repetitive elements

that are present in hundreds of thousands of copies in the genome, and a primer pair

targeting AIu sequences was used for microfluidic quantification:

AIu Forward Primer: 5' - GTC AGG AGA TCG AGA CCA TCC C- 3' (SEQ

ID NO: 3)

AIu Reverse Primer: 5' - TCC TGC CTC AGC CTC CCA AG - 3' (SEQ ID

NO: 4)

Fast PCR cycling profile reactions and quantification were as described in Example 2

with a modified amplification protocol of 20 seconds activation at 93 0C followed by 15-

cycles of [93 0C for 4 seconds, 58 0C for 15 seconds, 70 0C for 7 seconds] and final

extension for 90 seconds at 70 0C. Completion time was approximately 10 minutes. A

plot of input DNA versus relative fluorescence units (RFU) from the instrument has

R2=0.999 (FIG. 15). FIG. 16 is the output RFU data from laser detection as a function of

lane displacement. During excitation, a filter that decreased the laser power strength by a

magnitude compared to that used with THOl reaction was found necessary to avoid

photobleaching of the dye. An OD4 neutral density optical filter was used with laser

power set to 200 mW, gain of blue PMT to 30% of full scale, gain of red, yellow, and

green set to 0, and refresh rate at 5 Hz. At this laser power setting and filter

combination, the effective laser power is 10% that of Example 2. This data suggests that

cycle number during amplification can be further reduced.

To test this possibility, 15 samples were quantified each with input DNA of 1, 5,

10, and 30 ng using 10 amplification cycles, reducing amplification time by 2.5 minutes.

The signal strength increases with increasing input DNA (FIG. 17). For 1 ng of input,



the baseline subtracted signal strength is 19.9 RFU with a standard deviation of 10 RPU

and a CV of 50%. For 5 ng of input, the baseline subtracted signal strength is 68 RFU

with a standard deviation of 11 RFU and a CV of 17%.

Human genomic DNA, non-human DNA, and spiked human genomic were used

to evaluate the assay as in Example 2. Cattle (Bos taunts) and chicken {Gallus

domesticus) were extracted from blood samples. All DNAs were prepared as in Example

2.

Table 2.

DNA amount (ng)

DNA Samples Tested Absorbance Micro fluidic

Picogreen

Non-human Samples Only

Bacillus subtilis 10 +/- 0 None detected

Bacillus cereus 9.9 +/- 0.1 None detected

Bacillus megaterium 9.8 +/- 0.3 None detected

Saccharomyces cerevisiae 20.5 +/- 0.7 None detected

Canisfamiliaris 9.5 +/- 0.7 None detected

Bos taunts 10 +/- 0 0.5 +/- 0.1

Gallus domesticus 10 +/- 0 1.4 +/- 1.1

Non-human Samples Spiked with 10 ng Human DNA

10 ng Bacillus subtilis + 10 ng Human DNA 20 +/- 0 5.1 +/- 0.7

10 ng Bacillus cereus + 10 ng Human DNA 19.9 +/- 0.1 5.5 +/- 0.5

10 ng Bacillus megaterium + 10 ng Human DNA 19.8 +/- 0.3 5.5 +/- 0.8

20 ng Saccharomyces cerevisiae + 10 ng Human DNA 30.5 +/- 0.7 8 +/- 1

10 ng Canis familiaris + 10 ng Human DNA 19.5 +/- 0.7 9.9 +/- 0.6

10 ng Bos taunts + 10 ng Human DNA 20 +/- 0 11.5 +/- 0.3

10 ng Gallus domesticus + 10 ng Human DNA 20 +/- 0 11.3 +/- 2.5

Mock forensic casework samples were also used for evaluation. Wet blood samples on

swabs were prepared by pipetting 100 µL of blood suspension onto a ceramic tile and

then collecting the blood with cotton swabs. Dried blood samples were prepared

similarly but allowed to dry overnight. Cellular samples were collected by rubbing the



swab head (pre-wet with sterile water), on the palm of a human subject. Touch samples

were prepared by using a pre-wet swab on a ceramic tile that was handled several times

by a single donor. All DNA extractions were performed using the QIAmp Kit (Qiagen,

Valencia, CA) following the manufacturer's protocol for isolation of genomic DNA from

swabs.

Table 3.

DNA amount (ng)

DNA Samples Tested Absorbance Micro fluidic

Picogreen

10 ng Non-human Samples Only

Dry Human Whole Blood DNA 18.9 +/- 2.6 22.0 +/- 0.1

Wet Human Whole Blood Swab DNA 11.5 +/- 0.7 14.6 +/- 1.2

Wet Human Whole Blood Suspension DNA 19.5 +/- 1.0 15.1 +/- 0.3

Human Cellular Swab DNA 3.9 +/- 0.1 5.9 +/- 0.5

Human Touch Swab DNA 8.3 +/- 1.0 9.0 +/- 0.1

Human Adult Buccal Swab DNA 9.5 +/- 0.7 9.8 +/- 2.8

Human Baby Buccal Swab DNA 10.2 +/- 0.3 8.3 +/- 2.2

Based on these data, it is clear that the microfiuidic AIu Picogreen assay is highly

sensitive and specific for human genomic DNA quantification. AIu amplification has the

benefit of approximately one million- fold greater target than the THOl amplification;

thus, if amplification is 100% efficient, represents a requirement of approximately 8

amplification cycles as opposed to 28. The 10-fold reduced laser power in the AIu case

represents approximately 3 additional required cycles. In theory, under these conditions,

the AIu reaction should require 11 cycles to generate a signal comparable to the 28-cycle

THOl reaction. Although amplification of the two loci is unlikely to be identical, the

observed results at 10 cycles closely match these theoretical considerations.

Using AIu probes, the combination of micro fluidic volumes and laser detection

leads to an LOD of 0.005 picograms of DNA. Without placement of an OD3-equivalent

laser filter, the resulting LOD is 0.005 femtograms. This LOD is an order of magnitude

better than the use of THOl probes and the amplification and detection conditions of

Example 2; the AIu probes and condition also allow a significant reduction in cycle



number. In some embodiments, if LODs of less than 0.005 femtograms are required, one

or more of the number of amplification cycles, the sequence and efficiency of the probe,

and laser power can be increased.

EXAMPLE 4

This example demonstrates DNA quantification by SYBR Green I assay.

The amplification reaction components including AIu primers described in

Example 3 were used, with the exception that a 1:60,000 dilution of SYBR Green I

(Invitrogen) in Tris EDTA Buffer (pH 8) was incorporated into the PCR mix. SYBR

Green I is a thermally stable fluorescent dye and can therefore be added into the PCR

mix as in real-time PCR assays.

To test workability of this faster assay, standard calibration curves were

generated and reproduced. Genomic 9947A DNA standards were: 0 ng, 0.4 ng, 1 ng, 4

ng, 10 ng, 20 ng and 30 ng. Amplification was initiated with 20 seconds activation at 93

0C followed by 7-cycles of [93 0C for 4 seconds, 58 0C for 15 seconds, 70 0C for 7

seconds] and final extension for 90 seconds at 70 0C. Completion time was 6 minutes.

Following amplification, the same biochip was subjected to laser excitation with optical

settings as in Example 3. PCR in biochip and lane detection were performed in

quadruplicate to confirm reproducibility of the standard curve and that fluorescence

increases with increase in input template DNA. A plot of input DNA versus RFU from

from the instrument (FIG. 18) gave a polynomial fit with R2= 0.995. The advantage of

this approach over the use of Picogreen dye is that amplification and detection can be

performed in the identical chambers of the biochip, simplifying the overall process (e.g.

eliminating the need to meter the Picogreen reagent and mix it with the post-

amplification reaction) and biochip format.

EXAMPLE 5

This example demonstrates DNA quantification without prior amplification by

hybridization assay using molecular beacons.

Direct hybridization without amplification was utilized to quantify human

genomic DNA. Two beacon probes were designed such that they target the repetitive

human AIu elements. Probe 1 was derived from PV 92 gene and has the sequence 5' -



GCC CGA TTT TGC GAC TTT GGA GGG C- 3' (SEQ ID NO: 5) (Human AIu Repeat

GenBank Accession Numbers: M57427.1/M33776, AF302689). Probe 2 was designed

by alignment of known Alu-subfamilies and choosing a target region that was highly

conserved. The sequence 5' - CGC CTC AAA GTG CTG GGA TTA CAG GCG - 3'

(SEQ ID NO: 6) was predicted to be a more sensitive probe. Both probes have

fluorescein (6 FAM™) attached at the 5' end and Iowa Black Quencher (IB®FQ)

attached at the 3' end (Integrated DNA Technologies [IDT], Coralville, IA).

The fluorescence buffer appropriate for Probe 1 contained: 40 mM NaCl, 5 mM

MgCl2 and 10 mM Tris-HCl (pH 8.0). The fluorescence buffer appropriate for Probe 2

contained: 1 mM MgCl2 and 20 mM Tris-HCl (pH 8.0). The fluorescence buffers were

chosen based on hybridization with an artificial ssDNA target which gave high signal-to-

noise ratios. Melting temperatures (Tm) of the hybrid and the stem structure were

determined using IDT SciTools OligoAnalyzer 3.1 and mfold version 3.4 programs. The

hybridization temperature was set to 53 0C, a temperature below the Tm of the hybrid and

slightly higher than the Tn, of the stem.

22 µL sample reactions in desired fluorescence buffer were prepared with 2 µL of

10 µM molecular beacon and varying concentrations of human genomic DNA (0, 4.5, 9,

18, 32, 50 and 100 ng/µL) (Roche Applied Science, Indianapolis, IN). Approximately 7

µL was then transferred into the biochip of Examples 2-4 for thermal denaturation and

hybridization. The thermal profile for the biochip was initiated with a single cycle of 10

seconds denaturation at 95 0C followed by hybridization for 60 seconds at 53 0C and cool

down for 60 seconds at 25 0C. The biochip was then subsequently analyzed in from the

instrument. When probe 1 was utilized, laser power was set to 20 mW, gain of blue

PMT to 30% of full scale with all the rest of the colors set to 0 and refresh rate at 10 Hz.

For probe 2, however, use of an OD2 neutral density optical filter was necessary and the

rest of the settings were implemented as in probe 1. This confirmed the increased

sensitivity of probe 2 over probe 1. Samples were assessed in quadruplicates, and a set

of control samples was prepared similarly but without human genomic DNA.

FIG. 19 is the hybridization plot of RFU versus input DNA detected using

molecular beacon probe 1. The average RFU signal for the negative control is 3427

RFU with SD of 216 RFU and for the 4.5 ng/µL total input was 4641 RFU with SD of

583 RFU. FIG. 20 is the hybridization plot using molecular beacon probe 2 . The



average RFU signal for the negative control was 3668 RFU with SD of 33 RFU and for

the 4.5 ng/µL total input was 4075 RFU with SD of 83 RFU. Baseline subtracted RFUs

were plotted against actual input DNA detected by laser. This translated the total human

genomic DNA of 0, 4.5, 9, 18, 32, 50 and 100 ng/µL to 0, 1.6, 3.2, 6.4, 11.3, 17.6 and

35.3 picograms of DNA, respectively.. Increase in signal due to hybrid formation

increased with increasing target DNA present in the sample. The data demonstrated that

the two probes consistently distinguished between 0 and 1.6 picograms of DNA. The

LOD using probe 1 was 1.6 picograms. For probe 2, without the OD2 laser filter, the

assay can detect approximately 16 femtograms of DNA. Note that this LOD is almost

three orders of magnitude less than the DNA present in a single human cell

(approximately 6 picograms) and allows effective quantification of trace forensic

evidence.

As those skilled in the art will appreciate, modifications to the AIu beacons (e.g.,

using more highly conserved target sequences and coupled fluorophores with better

quenching efficiency) can further improve the sensitivity and LOD of the direct

hybridization approach. However, in terms of the AIu probes used in this example,

direct hybridization has about the same sensitivity as that of the 10-cycle PCR-Picogreen

assay. However, with respect to the process time, hybridization without amplification

assay required only approximately two minutes, shortening the overall quantification by

approximately 5 minutes.. In addition, the direct hybridization offers a significant

overall cost-reduction and simplifies the integrated microfluidic system since enzymes,

dNTPs and PCR buffers which require real estate on the microfluidic biochip are not

involved in the reaction. Finally, PCR inhibitors commonly present in clinical,

environmental, and forensic samples should not inhibit the hybridization reaction.

EXAMPLE 6

This example demonstrates reducing reaction time of the direct hybridization

molecular beacon assay.

Reaction conditions for molecular beacon probe 2 were carried out similarly to

those of Example 5 but with a single cycle of 10 seconds denaturation at 95 0C followed

by hybridization for 30 seconds at 53 0C and final cool down for 10 seconds at 25 0C.

The same optical settings were also implemented. FIG. 2 1 is the hybridization plot of



RFU versus input DNA translated to actual picograms DNA quantified and detected.

The average RFU signal for the negative control is 3321 RFU with SD of 105 RFU and

for 1.6 picograms is 3806 RFU with SD of 6 1 RFU. The data suggests that reducing the

overall quantification time from to 130 seconds to 50 seconds had no effect on the assay.

In fact, further optimization (with and without an improved probe) will allow assay time

to be reduced to less than 15 seconds (e.g. denaturation of 3 seconds, hybridization of 10

seconds, and cool down of 1 second).

EXAMPLE 7

This example demonstrates direct hybridization molecular beacon assay to

quantify human buccal swab DNA.

From the standard curve of Example 6, fluorescence signals of buccal swab

DNAs from male and female human subjects were extrapolated and compared with

values obtained from UV absorbance.

Table 4.

DNA amount (pg)

DNA Samples Tested Absorbance Beacon Assay

Human Adult Male Buccal Swab DNA 105.3 +/- 0.1 112.4 +/- 22.7

Human Adult Female Buccal Swab DNA 152.2 +/- 0.6 152.2 +/- 53.7

EXAMPLE 8

This example demonstrates specificity of the direct hybridization molecular

beacon assay. Non-human DNAs were purified as described. From the standard curve

of Example 6, fluorescence signals from bacteria, canine, and chicken DNAs were again

extrapolated and compared with values obtained from UV absorbance. hi addition, a

known human buccal swab DNA sample was spiked with these different background

DNAs.

Table 5.

DNA amount (pg)

DNA Samples Tested Absorbance Beacon Assay

Non-human Samples Only



Bacillus cereus 436.4 +/- 3 5 38.6 +/- 32.4

Saccharomyces cerevisiae 327.3 +/- 3 2 74.8 +/- 1. [

Canis familiaris 210.4 +/- 0.6 84.4 +/- 13.7

Gallus domesticus 234.9 +/- 1 4 73.1 +/- 36.9

Human DNA Spiked Samples

436.4 pg Bacillus cereus + 105.3 pg Human DNA 542 119.3 +/- 2.0

210.4 pg Canisfamiliaris + 105.3 pg Human DNA 316 101.2 +/- 24 .5

234.9 pg Gallus domesticus + 105.3 pg Human DNA 340 105.2 +/- 12 .0

Although non-human DNAs from the beacon assay gave fluorescence signals slightly

above background, this artifact is likely due to buffer effects. Background DNA samples

used in the assay were resuspended in TE buffer and not in fluorescence buffer. It was

noted previously that beacons buffer components can contribute to the detected

fluorescence. Fast direct hybridization allows human-specific DNA quantification in

heterogeneous samples.

EXAMPLE 9

This example demonstrates eliminating the need for quantification with forensic

database samples.

The amount of DNA collected by buccal swabbing is highly variable and ranges

from approximately 100 ng to greater than 10 µg, although the majority of samples

contain between 500 ng and 4 µg of DNA. In the laboratory, this variability has minimal

impact on the overall STR typing process as purified DNA is subjected to quantification,

and a desired amount of DNA is utilized in the subsequent PCR reaction.

Buccal swab DNA was purified using a guanidinium-based silica binding

approach modified from that described in U.S. Patent Application Serial No. 12/699,564,

entitled "Nucleic Acid Purification," filed February 3, 2010, by Selden et al., which is

incorporated herein by reference. Buccal cell samples from 15 human subjects were

obtained as described in Example 3. The swab's shaft was cut at score line to fit into a 2

mL microcentrifuge tube. A master mix of lysis buffer containing guanidinium

hydrochloride and detergent solution, and proteinase K (Qiagen, Valencia, CA) was

prepared. 500 µL of this lysis solution containing 0.5 mg of proteinase K was transferred



into each of the tubes. The solution was thoroughly mixed by vortexing for 5 seconds.

550µL absolute ethanol was added to the mixture and again vortexed for 5 seconds. 100

µL of the homogenized flow-through was manually loaded into the biochip's input port.

This biochip has a 1.5 mm DNA-binding silica membrane for purification. The binding

membrane was washed with 2 mL of ethanol-isopropanol-NaCl wash solution. Prior to

elution, the binding membrane was allowed to dry for 30 seconds. DNA was eluted with

600 µL of TE-4 (10 mM Tris-HCl, pH 8 and 0.1 mM EDTA).

Following generation of reference sample DNA, 7 µL PCR reaction mixes

contained 3.4 µL of the biochip-purified DNA and IX Powerplexl primers (Promega

Corporation, Madison, WI) were prepared. Note that no quantification step was

performed prior to amplification - a fixed volume of the purified DNA was always used

for the amplification reaction. As a control, a standard 1 ng 9947A genomic DNA

diluted from stock in TE-4 was also amplified. Amplification started with 20 seconds

activation at 93 0C followed by 30 cycles of [93 0C for 4 seconds, 56 0C for 20 seconds,

70 0C for 20 seconds] and final extension for 90 seconds at 70 0C. Completion time was

approximately 25 minutes.

DNA samples for analysis from the instrument were prepared by manually

pipetting the samples into the sample reservoirs of the separation biochip. In particular,

2.7 µL of the amplified product, 0.3 µL of HD400 sizing standard, and 10 µL of HiDi

were mixed together and loaded into the sample wells. After loading the samples and

buffers, the biochip was placed into the instrument with electric fields applied to separate

and detect the amplified DNA. Instrument and detections were performed in duplicate

for each buccal swab DNA sample amplified. Peak heights of homozygous alleles at a

given locus were divided by 2 to allow comparisons with peak heights of heterozygous

alleles at the corresponding locus. Average peak heights of all loci from the 1 ng input

9947A control DNA were used to estimate the quantity of input DNA into the PCR

reactions. Based on this signal strength analysis, the quantity of DNA from the 15

buccal swab extracts were all within the 1.26-2.50 ng, and most samples contained

between 1.5 and 2.25 ng per 3.4 µL into PCR.

Table 6.



The variable recovery in swab purification and the enormous excess of recovered DNA

have been addressed by controlling the binding capacity of the binding membrane. FIG.

22 demonstrates this "cut-off approach. DNA binding capacity scales with the number

of layers of a 7 mm silica membrane used for DNA binding. Similarly, the binding

capacity of the binding membrane also scales with the active diameter of the binding

membrane. FIG. 23 shows the binding performance of a 1 mm diameter binding

membrane over a range of DNA inputs. The DNA yield increases linearly with DNA

input level for input levels below 600 ng, and the yield saturates at approximately 300 ng

of DNA for inputs of 600 ng or more. In a setting in which microfluidic DNA

purification is integrated with amplification (or other processing steps as desired),

knowledge of the range of recovered DNA allows significant flexibility in biochip

design. In the processing of forensic reference samples, a fraction of the lysate may be

subjected to purification (note that the 1.26-2.50 ng of DNA used for PCR translates to

220-440 ng of DNA in the 600 µL elution volume as only a tenth of the lysate material

was purified). By reducing the quantity of DNA to be purified, the binding capacity of



the purification media can be reduced concomitantly. The ability to generate purified

nucleic acids within a predetermined, defined range without quantification can simplify

biochip design, further reduce cost, and further accelerate process timing.

EXAMPLE 10

This example demonstrates development of excitation and detection parameters

for quantification based on a specific optical train.

A master mix of DNA and Picogreen intercalating dye was prepared and inserted

into the quantification biochip and used for excitation and detection with the

quantification instrument. Under laser excitation, detector signal strength increased with

increasing PMT gain. Signal strength increased over 3 orders of magnitude, from 10

RFU and 10,600, as the PMT gains were swept across their operation range (FIG. 24).

The signal to noise ratio increased with increasing PMT gain, up to a setting of 30%, and

saturates at approximately 22 for PMT gains of 30% and higher. This data set shows that

a PMT gain setting of 30% noise contribution associated with the detection electronics

was negligible. The gain setpoint of 30% was optimal for use to maximize signal-to-

noise, signal strength, and dynamic range (FIG. 25).

The effect of laser excitation on signal strength is shown in FIG. 26. The two

datasets were generated using neutral density optical filters, with optical densities of 4

and 2, to reduce the excitation power at the sample by 10000 and 100 times that of the

laser output. The data shows signal strength increasing with excitation power for both

datasets. A moderate excitation power (0.02 mW) incident on the sample generated a

relatively constant signal strength over time. This signal strength was consistent with the

concentration of fluorophores in the sample. A high level of excitation (2 mW) incident

on the sample exhibit an exponential decay to a level that was independent of the number

of fluorophores in the sample. The high level of excitation incident on the sample

resulted in photochemical destruction of a fluorophore, also known as photobleaching,

and an irreversible loss of fluorescence activity in the sample (FIG. 27). These results

show that a sample excitation power of 0.2 mW was optimal for quantification. Taken

together, the results show that a PMT gain of 30% and an excitation power of 0.2 mW

are setpoints to achieve optimal signal-to-noise, sensitivity, dynamic range with the

excitation and detection instrument.



While several embodiments of the present invention have been described and

illustrated herein, those of ordinary skill in the art will readily envision a variety of other

means and/or structures for performing the functions and/or obtaining the results and/or

one or more of the advantages described herein, and each of such variations and/or

modifications is deemed to be within the scope of the present invention. More generally,

those skilled in the art will readily appreciate that all parameters, dimensions, materials,

and configurations described herein are meant to be exemplary and that the actual

parameters, dimensions, materials, and/or configurations will depend upon the specific

application or applications for which the teachings of the present invention is/are used.

Those skilled in the art will recognize, or be able to ascertain using no more than routine

experimentation, many equivalents to the specific embodiments of the invention

described herein. It is, therefore, to be understood that the foregoing embodiments are

presented by way of example only and that, within the scope of the appended claims and

equivalents thereto, the invention may be practiced otherwise than as specifically

described and claimed. The present invention is directed to each individual feature,

system, article, material, kit, and/or method described herein. In addition, any

combination of two or more such features, systems, articles, materials, kits, and/or

methods, if such features, systems, articles, materials, kits, and/or methods are not

mutually inconsistent, is included within the scope of the present invention.

All definitions, as defined and used herein, should be understood to control over

dictionary definitions, definitions in documents incorporated by reference, and/or

ordinary meanings of the defined terms.

The indefinite articles "a" and "an," as used herein in the specification and in the

claims, unless clearly indicated to the contrary, should be understood to mean "at least

one."

The phrase "and/or," as used herein in the specification and in the claims, should

be understood to mean "either or both" of the elements so conjoined, i.e., elements that

are conjunctively present in some cases and disjunctively present in other cases.

Multiple elements listed with "and/or" should be construed in the same fashion, i.e., "one

or more" of the elements so conjoined. Other elements may optionally be present other

than the elements specifically identified by the "and/or" clause, whether related or



unrelated to those elements specifically identified. Thus, as a non-limiting example, a

reference to "A and/or B", when used in conjunction with open-ended language such as

"comprising" can refer, in one embodiment, to A only (optionally including elements

other than B); in another embodiment, to B only (optionally including elements other

than A); in yet another embodiment, to both A and B (optionally including other

elements); etc.

As used herein in the specification and in the claims, "or" should be understood

to have the same meaning as "and/or" as defined above. For example, when separating

items in a list, "or" or "and/or" shall be interpreted as being inclusive, i.e., the inclusion

of at least one, but also including more than one, of a number or list of elements, and,

optionally, additional unlisted items. Only terms clearly indicated to the contrary, such

as "only one of or "exactly one of," or, when used in the claims, "consisting of," will

refer to the inclusion of exactly one element of a number or list of elements. In general,

the term "or" as used herein shall only be interpreted as indicating exclusive alternatives

(i.e. "one or the other but not both") when preceded by terms of exclusivity, such as

"either," "one of," "only one of," or "exactly one of." "Consisting essentially of," when

used in the claims, shall have its ordinary meaning as used in the field of patent law.

As used herein in the specification and in the claims, the phrase "at least one," in

reference to a list of one or more elements, should be understood to mean at least one

element selected from any one or more of the elements in the list of elements, but not

necessarily including at least one of each and every element specifically listed within the

list of elements and not excluding any combinations of elements in the list of elements.

This definition also allows that elements may optionally be present other than the

elements specifically identified within the list of elements to which the phrase "at least

one" refers, whether related or unrelated to those elements specifically identified. Thus,

as a non-limiting example, "at least one of A and B" (or, equivalently, "at least one of A

or B," or, equivalently "at least one of A and/or B") can refer, in one embodiment, to at

least one, optionally including more than one, A, with no B present (and optionally

including elements other than B); in another embodiment, to at least one, optionally

including more than one, B, with no A present (and optionally including elements other

than A); in yet another embodiment, to at least one, optionally including more than one,



A, and at least one, optionally including more than one, B (and optionally including other

elements); etc.

It should also be understood that, unless clearly indicated to the contrary, in any

methods claimed herein that include more than one step or act, the order of the steps or

acts of the method is not necessarily limited to the order in which the steps or acts of the

method are recited.

In the claims, as well as in the specification above, all transitional phrases such as

"comprising," "including," "carrying," "having," "containing," "involving," "holding,"

"composed of," and the like are to be understood to be open-ended, i.e., to mean

including but not limited to. Only the transitional phrases "consisting of and

"consisting essentially of shall be closed or semi-closed transitional phrases,

respectively, as set forth in the United States Patent Office Manual of Patent Examining

Procedures, Section 2 111.03.

What is claimed is:



CLAIMS

1. A method for quantifying a target nucleic acid in a sample fluid containing or

suspected of containing the target nucleic acid, comprising:

combining in a microfluidic channel the sample fluid and a binding agent

comprising a signaling moiety, wherein the binding agent becomes immobilized with

respect to the target nucleic acid, to form a test fluid;

locating the test fluid in a detector region in the microfluidic channel;

detecting the signaling moiety; and

quantifying the target nucleic acid in the sample fluid within 1 hour of combining

the sample fluid and the binding agent.

2. The method of claim 1, wherein the quantifying step comprises determining the

concentration of the target nucleic acid in the test fluid.

3. The method of claim 1, wherein the binding agent is a specific binding agent

having unique specificity for the target nucleic acid.

4 . The method of claim 1, wherein the locating step comprises flowing the

test fluid to the detector region in the microfluidic channel.

5. The method of claim 4, wherein the locating step comprises flowing the test fluid

through the detector region of the microfluidic channel during detection.

6. The method of claim 1, wherein the locating step comprises maintaining the test

fluid stationary at a region in the microfluidic channel and moving a detector into

alignment with the region to transform the region into the detector region.

7. The method of claim 1, wherein the microfluidic channel is located in a biochip

comprising a plurality of microfluidic channels and active areas for sample manipulation;

and wherein the method further comprises after the quantifying step, a step comprising

directing a selected quantity of the sample fluid to an active area of the biochip, wherein



said selected quantity is determined, at least in part, based on the results of the

quantifying step.

8. The method of claim 1, wherein the target nucleic acid in the sample fluid is

quantified within 30 minutes of combining the sample fluid and the binding agent.

9. The method of claim 8, wherein the target nucleic acid in the sample fluid is

quantified within 10 minutes of combining the sample fluid and the binding agent.

10. The method of claim 9, wherein the target nucleic acid in the sample fluid is

quantified within 5 minutes of combining the sample fluid and the binding agent.

11. The method of claim 10, wherein the target nucleic acid in the sample fluid is

quantified within 1 minute of combining the sample fluid and the binding agent.

12. The method of claim 1, wherein the specific binding agent is contained in a probe

fluid that is combined with the sample fluid in the combining step to form the test fluid.

13. The method of claim 1, wherein essentially all of the target nucleic acid, if

present, is immobilized with respect to the binding agent during the combining step.

14. The method of claim 3, wherein the specific binding agent hybridizes to the

target nucleic acid.

15. The method of claim 14, wherein the specific binding agent is a molecular

beacon probe.

16. The method of claim 12, further comprising heating and cooling the sample fluid,

the probe fluid, or the combined fluids to facilitate binding.

17. The method of claim 1, wherein detecting the signaling moiety comprises

irradiating the signaling moiety with a laser.



18. The method of claim 17, wherein the microfiuidic channel is contained in a

biochip and wherein the laser is a component of a system coupled to the biochip

comprising the microfiuidic channel.

19. The method of claim 1, wherein detecting the signaling moiety comprises

detecting fluorescence.

20. The method of claim 1, wherein the target nucleic acid, if present, has a

concentration less than 1 nanogram per microliter or is present in a total amount in the

sample fluid of less than 1 nanogram.

21. The method of claim 1, wherein the sample fluid comprises a forensic sample.

22. The method of claim 21, wherein the target nucleic acid is a human nucleic acid.

23. The method of claim 22, wherein the sample fluid further comprises non-human,

non-target nucleic acid.

24. The method of claim 1, wherein the target nucleic acid in the sample has not been

amplified prior to the combining step.

25. The method of claim 24, wherein the target nucleic acid is not amplified at any

point during performance of the method.

26. A method for quantifying a target nucleic acid in a sample fluid containing or

suspected of containing the target nucleic acid, comprising:

combining in a microfiuidic channel the sample fluid and a binding agent

comprising a signaling moiety, wherein the binding agent becomes immobilized with

respect to the target nucleic acid, to form a test fluid;

locating the test fluid in a detector region in the microfiuidic channel;

detecting the signaling moiety; and



quantifying the target nucleic acid in the sample fluid, wherein the target nucleic

acid has a concentration less than 1 nanograms per microliter or is present in a total

amount in the sample fluid of less than 1 nanogram.

27. The method of claim 26, wherein the quantifying step comprises determining the

concentration of the target nucleic acid in the test fluid.

28. The method of claim 26, wherein the quantifying step comprises determining the

total amount of the target nucleic acid in the test fluid.

29. The method of claim 26, wherein the binding agent is a specific binding agent

having unique specificity for the target nucleic acid.

30. The method of claim 26, wherein the locating step comprises flowing the test

fluid to the detector region in the microfluidic channel.

31. The method of claim 30, wherein the locating step comprises flowing the test

fluid through the detector region of the microfluidic channel during detection.

32. The method of claim 26, wherein the locating step comprises maintaining the test

fluid stationary at a region in the microfluidic channel and moving a detector into

alignment with the region to transform the region into the detector region.

33. The method of claim 26, wherein the microfluidic channel is located in a biochip

comprising a plurality of microfluidic channels and active areas for sample manipulation;

and wherein the method further comprises after the quantifying step, a step comprising

directing a selected quantity of the sample fluid to an active area of the biochip, wherein

said selected quantity is determined, at least in part, based on the results of the

quantifying step.

34. The method of claim 26, wherein the target nucleic acid in the sample fluid is

quantified within 1 hour of combining the sample fluid and the binding agent.



35. The method of claim 34, wherein the target nucleic acid in the sample fluid is

quantified within 30 minutes of combining the sample fluid and the binding agent.

36. The method of claim 35, wherein the target nucleic acid in the sample fluid is

quantified within 10 minutes of combining the sample fluid and the binding agent.

37. The method of claim 36, wherein the target nucleic acid in the sample fluid is

quantified within 5 minutes of combining the sample fluid and the binding agent.

38. The method of claim 37, wherein the target nucleic acid in the sample fluid is

quantified within 1 minute of combining the sample fluid and the binding agent.

39. The method of claim 26, wherein the binding agent is contained in a probe fluid

that is combined with the sample fluid in the combining step to form the test fluid.

40. The method of claim 26, wherein essentially all of the target nucleic acid, if

present, is immobilized with respect to the binding agent during the combining step.

41. The method of claim 29, wherein the specific binding agent hybridizes to the

target nucleic acid.

42. The method of claim 41, wherein the specific binding agent is a molecular

beacon probe.

43. The method of claim 39, further comprising heating and cooling the sample fluid,

the probe fluid, or the combined fluids to facilitate binding.

44. The method of claim 26, wherein detecting the signaling moiety comprises

irradiating the signaling moiety with a laser.



45. The method of claim 44, wherein the microfluidic channel is contained in a

biochip and wherein the laser is a component of a system coupled to the biochip

comprising the microfluidic channel.

46. The method of claim 26, wherein detecting the signaling moiety comprises

detecting fluorescence.

47. The method of claim 26, wherein the sample fluid comprises a forensic sample.

48. The method of claim 47, wherein the target nucleic acid is a human nucleic acid.

49. The method of claim 48, wherein the sample fluid further comprises non-human,

non-target nucleic acid.

50. The method of claim 26, wherein the target nucleic acid in the sample has not

been amplified prior to the combining step.

5 1. The method of claim 50, wherein the target nucleic acid is not amplified at any

point during performance of the method.

52. A method for quantifying a target nucleic acid in a forensic sample fluid

containing or suspected of containing the target nucleic acid, comprising:

combining in a microfluidic channel the forensic sample fluid and a probe fluid

containing a binding agent comprising a signaling moiety, wherein the target nucleic acid

in the forensic sample fluid has not been amplified;

locating the combined fluids in a detector region in the microfluidic channel;

detecting the signaling moiety; and

quantifying the target nucleic acid in the sample fluid.

53. The method of claim 52, wherein the quantifying step comprises determining the

concentration of the target nucleic acid in the test fluid.



54. The method of claim 52, wherein the quantifying step comprises determining the

total amount of the target nucleic acid in the test fluid.

55. The method of claim 52, wherein the binding agent is a specific binding agent

having unique specificity for the target nucleic acid.

56. The method of claim 52, wherein the locating step comprises flowing the

combined fluids to the detector region in the microfluidic channel.

57. The method of claim 56, wherein the locating step comprises flowing the

combined fluids through the detector region of the microfluidic channel during detection.

58. The method of claim 52, wherein the locating step comprises maintaining the

combined fluids stationary at a region in the microfluidic channel and moving a detector

into alignment with the region to transform the region into the detector region.

59. The method of claim 52, wherein the microfluidic channel is located in a biochip

comprising a plurality of microfluidic channels and active areas for sample manipulation;

and wherein the method further comprises after the quantifying step, a step comprising

directing a selected quantity of the sample fluid to an active area of the biochip, wherein

said selected quantity is determined, at least in part, based on the results of the

quantifying step.

60. The method of claim 52, wherein the target nucleic acid in the sample fluid is

quantified within 1 hour of combining the sample fluid and the binding agent.

6 1. The method of claim 60, wherein the target nucleic acid in the sample fluid is

quantified within 30 minutes of combining the sample fluid and the binding agent.

62. The method of claim 61, wherein the target nucleic acid in the sample fluid is

quantified within 10 minutes of combining the sample fluid and the binding agent.



63. The method of claim 62, wherein the target nucleic acid in the sample fluid is

quantified within 5 minutes of combining the sample fluid and the binding agent.

64. The method of claim 63, wherein the target nucleic acid in the sample fluid is

quantified within 1 minute of combining the sample fluid and the binding agent.

65. The method of claim 52, wherein the target nucleic acid, if present, has a

concentration less than 1 nanogram per microliter or is present in a total amount in the

sample fluid of less than 1 nanogram.

66. The method of claim 52, wherein essentially all of the target nucleic acid, if

present, is immobilized with respect to the binding agent during the combining step.

67. The method of claim 55, wherein the specific binding agent hybridizes to the

target nucleic acid.

68. The method of claim 67, wherein the specific binding agent is a molecular

beacon probe.

69. The method of claim 52, further comprising heating and cooling the sample fluid,

the probe fluid, or the combined fluids to facilitate binding.

70. The method of claim 52, wherein detecting the signaling moiety comprises

irradiating the signaling moiety with a laser.

7 1. The method of claim 70, wherein the microfluidic channel is contained in a

biochip and wherein the laser is a component of a system coupled to the biochip

comprising the microfluidic channel.

72. The method of claim 52, wherein detecting the signaling moiety comprises

detecting fluorescence.



73. The method of claim 52, wherein the target nucleic acid is a human nucleic acid.

74. The method of claim 73, wherein the sample fluid further comprises non-human,

non-target nucleic acid.

75. The method of claim 52, wherein the target nucleic acid is not amplified at any

point during performance of the method.

76. A method for quantifying a target nucleic acid in a sample fluid containing or

suspected of containing the target nucleic acid and also containing a contaminating non-

human nucleic acid, comprising:

combining in a microfluidic channel the sample fluid and a probe fluid containing

a binding agent comprising a signaling moiety, wherein the target nucleic acid in the

sample fluid has not been amplified;

locating the combined fluid in a detector region in the microfluidic channel;

detecting the signaling moiety; and

quantifying the target nucleic acid in the sample fluid.

77. The method of claim 76, wherein the quantifying step comprises determining the

concentration of the target nucleic acid in the combined fluid.

78. The method of claim 76, wherein the quantifying step comprises determining the

total amount of the target nucleic acid in the combined fluid.

79. The method of claim 76, wherein the binding agent is a specific binding agent

having unique specificity for the target nucleic acid.

80. The method of claim 76, wherein the locating step comprises flowing the

combined fluid to the detector region in the microfluidic channel.

81. The method of claim 80, wherein the locating step comprises flowing the

combined fluid through the detector region of the microfluidic channel during detection.



82. The method of claim 76, wherein the locating step comprises maintaining the

combined fluid stationary at a region in the microfluidic channel and moving a detector

into alignment with the region to transform the region into the detector region.

83. The method of claim 76, wherein the microfluidic channel is located in a biochip

comprising a plurality of microfluidic channels and active areas for sample manipulation;

and wherein the method further comprises after the quantifying step, a step comprising

directing a selected quantity of the sample fluid to an active area of the biochip, wherein

said selected quantity is determined, at least in part, based on the results of the

quantifying step.

84. The method of claim 76, wherein the target nucleic acid in the sample fluid is

quantified within 1 hour of combining the sample fluid and the binding agent.

85. The method of claim 84, wherein the target nucleic acid in the sample fluid is

quantified within 30 minutes of combining the sample fluid and the binding agent.

86. The method of claim 85, wherein the target nucleic acid in the sample fluid is

quantified within 10 minutes of combining the sample fluid and the binding agent.

87. The method of claim 86, wherein the target nucleic acid in the sample fluid is

quantified within 5 minutes of combining the sample fluid and the binding agent.

88. The method of claim 87, wherein the target nucleic acid in the sample fluid is

quantified within 1 minute of combining the sample fluid and the binding agent.

89. The method of claim 76, wherein the target nucleic acid, if present, has a

concentration less than 1 nanogram per microliter or is present in a total amount in the

sample fluid of less than 1 nanogram.



90. The method of claim 76, wherein essentially all of the target nucleic acid, if

present, is immobilized with respect to the binding agent during the combining step.

91. The method of claim 79, wherein the specific binding agent hybridizes to the

target nucleic acid.

92. The method of claim 91, wherein the specific binding agent is a molecular

beacon probe.

93. The method of claim 76, further comprising heating and cooling the sample fluid,

the probe fluid, or the combined fluids to facilitate binding.

94. The method of claim 76, wherein detecting the signaling moiety comprises

irradiating the signaling moiety with a laser.

95. The method of claim 94, wherein the microfluidic channel is contained in a

biochip and wherein the laser is a component of a system coupled to the biochip

comprising the microfluidic channel.

96. The method of claim 76, wherein detecting the signaling moiety comprises

detecting fluorescence.

97. The method of claim 76, wherein the target nucleic acid is a human nucleic acid.

98. The method of claim 97, wherein the sample fluid further comprises non-human,

non-target nucleic acid.

99. The method of claim 76, wherein the target nucleic acid is not amplified at any

point during performance of the method.

100. The method of claim 76, wherein the sample is a forensic sample.



101. A method for quantifying of a target nucleic acid in a sample fluid containing or

suspected of containing the target nucleic acid, comprising:

providing a microfluidic device coupled to an electronic device comprising a

detector comprising an integrated laser;

combining in a microfluidic channel of the microfluidic device the sample fluid

and a binding agent comprising a signaling moiety, wherein the binding agent becomes

immobilized with respect to the target nucleic acid;

locating the combined fluid in a detector region in the microfluidic channel

positioned in operative proximity to the detector of the electronic device;

irradiating the signaling moiety using the integrated laser; and

quantifying the target nucleic acid in the sample fluid.

102. The method of claim 101 , wherein the quantifying step comprises determining

the concentration of the target nucleic acid in the combined fluid.

103. The method of claim 101, wherein the quantifying step comprises determining

the total amount of the target nucleic acid in the combined fluid.

104. The method of claim 101, wherein the binding agent is a specific binding agent

having unique specificity for the target nucleic acid.

105. The method of claim 101, wherein the locating step comprises flowing the

combined fluid to the detector region in the microfluidic channel.

106. The method of claim 105, wherein the locating step comprises flowing the

combined fluid through the detector region of the microfluidic channel during detection.

107. The method of claim 101, wherein the locating step comprises maintaining the

combined fluid stationary at a region in the microfluidic channel and moving a detector

into alignment with the region to transform the region into the detector region.



108. The method of claim 101, wherein the microfluidic channel is located in a

biochip comprising a plurality of microfluidic channels and active areas for sample

manipulation; and wherein the method further comprises after the quantifying step, a step

comprising directing a selected quantity of the sample fluid to an active area of the

biochip, wherein said selected quantity is determined, at least in part, based on the results

of the quantifying step.

109. The method of claim 101 , wherein the target nucleic acid in the sample fluid is

quantified within 1 hour of combining the sample fluid and the binding agent.

110. The method of claim 109, wherein the target nucleic acid in the sample fluid is

quantified within 30 minutes of combining the sample fluid and the binding agent.

111. The method of claim 110, wherein the target nucleic acid in the sample fluid is

quantified within 10 minutes of combining the sample fluid and the binding agent.

112. The method of claim 111, wherein the target nucleic acid in the sample fluid is

quantified within 5 minutes of combining the sample fluid and the binding agent.

113. The method of claim 112, wherein the target nucleic acid in the sample fluid is

quantified within 1 minute of combining the sample fluid and the binding agent.

114. The method of claim 101, wherein the target nucleic acid, if present, has a

concentration less than 1 nanogram per microliter or is present in a total amount in the

sample fluid of less than 1 nanogram.

115. The method of claim 101, wherein essentially all of the target nucleic acid, if

present, is immobilized with respect to the binding agent during the combining step.

116. The method of claim 104, wherein the specific binding agent hybridizes to the

target nucleic acid.



117. The method of claim 116, wherein the specific binding agent is a molecular

beacon probe.

118. The method of claim 101, further comprising heating and cooling the sample

fluid or the combined fluids to facilitate binding.

119. The method of claim 101, wherein detecting the signaling moiety comprises

irradiating the signaling moiety with a laser.

120. The method of claim 119, wherein the microfluidic channel is contained in a

biochip and wherein the laser is a component of a system coupled to the biochip

comprising the microfluidic channel.

121. The method of claim 101, wherein detecting the signaling moiety comprises

detecting fluorescence.

122. The method of claim 101, wherein the target nucleic acid is a human nucleic acid.

123. The method of claim 122, wherein the sample fluid further comprises non-

human, non-target nucleic acid.

124. The method of claim 101, wherein the target nucleic acid is not amplified at any

point during performance of the method.

125. The method of claim 101, wherein the sample is a forensic sample.

126. A method for manipulating a target nucleic acid in a sample fluid containing the

target nucleic acid, comprising:

providing a microfluidic device comprising a plurality of microfluidic channels

and active areas for sample manipulation coupled to an electronic device comprising a

detector;



combining in a micro fluidic channel of the microfluidic device the sample fluid

and a binding agent comprising a signaling moiety, wherein the binding agent becomes

immobilized with respect to the target nucleic acid;

locating the combined fluid in a detector region in the microfluidic channel

positioned in operative proximity to the detector of the electronic device;

quantifying the target nucleic acid in the sample fluid; and

directing a selected quantity of the sample fluid to an active area of the biochip,

wherein said selected quantity is determined, at least in part, based on the results of the

quantifying step.

127. The method of claim 126, wherein the quantifying step comprises determining

the concentration of the target nucleic acid in the combined fluid.

128. The method of claim 126, wherein the quantifying step comprises determining

the total amount of the target nucleic acid in the combined fluid.

129. The method of claim 126, wherein the binding agent is a specific binding agent

having unique specificity for the target nucleic acid.

130. The method of claim 126, wherein the locating step comprises flowing the

combined fluid to the detector region in the microfluidic channel.

131. The method of claim 130, wherein the locating step comprises flowing the

combined fluid through the detector region of the microfluidic channel during detection.

132. The method of claim 126, wherein the locating step comprises maintaining the

combined fluid stationary at a region in the microfluidic channel and moving a detector

into alignment with the region to transform the region into the detector region.

133. The method of claim 126, wherein the target nucleic acid in the sample fluid is

quantified within 1 hour of combining the sample fluid and the binding agent.



134. The method of claim 133, wherein the target nucleic acid in the sample fluid is

quantified within 30 minutes of combining the sample fluid and the binding agent.

135. The method of claim 134, wherein the target nucleic acid in the sample fluid is

quantified within 10 minutes of combining the sample fluid and the binding agent.

136. The method of claim 135, wherein the target nucleic acid in the sample fluid is

quantified within 5 minutes of combining the sample fluid and the binding agent.

137. The method of claim 136, wherein the target nucleic acid in the sample fluid is

quantified within 1 minute of combining the sample fluid and the binding agent.

138. The method of claim 126, wherein the target nucleic acid, if present, has a

concentration less than 1 nanogram per microliter or is present in a total amount in the

sample fluid of less than 1 nanogram.

139. The method of claim 126, wherein essentially all of the target nucleic acid, if

present, is immobilized with respect to the binding agent during the combining step.

140. The method of claim 129, wherein the specific binding agent hybridizes to the

target nucleic acid.

141 . The method of claim 140, wherein the specific binding agent is a molecular

beacon probe.

142. The method of claim 126, further comprising heating and cooling the sample

fluid or the combined fluids to facilitate binding.

143. The method of claim 126, wherein detecting the signaling moiety comprises

irradiating the signaling moiety with a laser.



144. The method of claim 143, wherein the microfluidic channel is contained in a

biochip and wherein the laser is a component of a system coupled to the biochip

comprising the microfluidic channel.

145. The method of claim 126, wherein detecting the signaling moiety comprises

detecting fluorescence.

146. The method of claim 126, wherein the target nucleic acid is a human nucleic acid.

147. The method of claim 146, wherein the sample fluid further comprises non-

human, non-target nucleic acid.

148. The method of claim 126, wherein the target nucleic acid is not amplified at any

point during performance of the method.

149. The method of claim 126, wherein the sample is a forensic sample.

150. A method for preparing a sample comprising a target nucleic acid for

amplification of the target nucleic acid, comprising:

providing a microfluidic device comprising at least one microfluidic channel and

active areas for sample manipulation, at least one of said areas configured to purify

nucleic acid from a sample;

obtaining the sample by a collection method yielding an unknown variable

quantity of target nucleic acid;

inserting the sample into the microfluidic channel of the microfluidic device;

purifying the target nucleic acid in the sample with the area of the microfluidic

device configured to purify nucleic acid from a sample to produce a reproducible

quantity of purified target nucleic acid; and

amplifying, without quantifying the purified target nucleic acid, said reproducible

quantity of purified target nucleic acid.



151. The method of claim 150, wherein, at least one of the active areas the

micro fluidic device comprises an area configured to amplify nucleic acid via polymerase

chain reaction (PCR), and wherein the amplifying step occurs in the active area

configured to amplify nucleic acid.

152. The method of claim 150, wherein the collection method comprises buccal

swabbing.

153. The method of claim 150, wherein the quantity of nucleic acid collected by the

collection method differs from a first sample to a second sample by at least a factor of

10.

154. The method of claim 153, wherein the quantity of nucleic acid collected by the

collection method differs from a first sample to a second sample by at least a factor of

1000.

155. The method of claim 150, wherein the sample with the area of the microfluidic

device configured to purify nucleic acid from a sample to produce a reproducible

quantity of purified target nucleic acid comprises a binding membrane having a defined

nucleic acid binding capacity, and wherein the purifying step comprises contacting at

least a portion of the sample with the binding membrane to bind nucleic acid, and eluting

the reproducible quantity of purified target nucleic acid from the binding membrane.

156. The method of claim 155, wherein the binding capacity is at least 300 ng.

157. The method of claim 155, wherein the binding capacity is at least 100 ng.

158. The method of claim 155, wherein the binding membrane is a silica membrane.

159. The method of claim 150, wherein the target nucleic acid is a human nucleic acid.



160. The method of claim 159, wherein the sample fluid further comprises non-

human, non-target nucleic acid.

161. The method of claim 150, wherein the target nucleic acid is not quantified at any

point during performance of the method.

162. The method of claim 150, wherein the sample is a forensic sample.

163. A method for quantifying a target nucleic acid in a forensic sample fluid

containing or suspected of containing the target nucleic acid, comprising:

combining in a microfluidic channel the forensic sample fluid and a probe fluid

containing a molecular beacon probe comprising a signaling moiety and having unique

hybridization specificity for the target nucleic acid, wherein the target nucleic acid in the

forensic sample fluid has not been amplified;

locating the combined fluids in a detector region in the microfluidic channel;

detecting the signaling moiety; and

quantifying the target nucleic acid in the sample fluid.

164. The method of claim 163, wherein the quantifying step comprises determining

the concentration of the target nucleic acid in the test fluid.

165. The method of claim 163, wherein the quantifying step comprises determining

the total amount of the target nucleic acid in the test fluid.

166. The method of claim 163, wherein the locating step comprises flowing the

combined fluids to the detector region in the microfluidic channel.

167. The method of claim 166, wherein the locating step comprises flowing the

combined fluids through the detector region of the microfluidic channel during detection.



168. The method of claim 163, wherein the locating step comprises maintaining the

combined fluids stationary at a region in the microfluidic channel and moving a detector

into alignment with the region to transform the region into the detector region.

169. The method of claim 163, wherein the microfluidic channel is located in a

biochip comprising a plurality of microfluidic channels and active areas for sample

manipulation; and wherein the method further comprises after the quantifying step, a step

comprising directing a selected quantity of the sample fluid to an active area of the

biochip, wherein said selected quantity is determined, at least in part, based on the results

of the quantifying step.

170. The method of claim 163, wherein the target nucleic acid in the sample fluid is

quantified within 1 hour of combining the sample fluid and the molecular beacon probe.

171. The method of claim 163, wherein the target nucleic acid in the sample fluid is

quantified within 30 minutes of combining the sample fluid and the molecular beacon

probe.

172. The method of claim 171, wherein the target nucleic acid in the sample fluid is

quantified within 10 minutes of combining the sample fluid and the molecular beacon

probe.

173. The method of claim 172, wherein the target nucleic acid in the sample fluid is

quantified within 5 minutes of combining the sample fluid and the molecular beacon

probe.

174. The method of claim 173, wherein the target nucleic acid in the sample fluid is

quantified within 1 minute of combining the sample fluid and the molecular beacon

probe.



175. The method of claim 163, wherein the target nucleic acid, if present, has a

concentration less than 1 nanogram per microliter or is present in a total amount in the

sample fluid of less than 1 nanogram.

176. The method of claim 163, wherein essentially all of the target nucleic acid, if

present, is immobilized with respect to the molecular beacon probe during the combining

step.

177. The method of claim 163, further comprising heating and cooling the sample

fluid, the probe fluid, or the combined fluids to facilitate binding.

178. The method of claim 163, wherein detecting the signaling moiety comprises

irradiating the signaling moiety with a laser.

179. The method of claim 178, wherein the microfluidic channel is contained in a

biochip and wherein the laser is a component of a system coupled to the biochip

comprising the microfluidic channel.

180. The method of claim 163, wherein detecting the signaling moiety comprises

detecting fluorescence.

181. The method of claim 163 , wherein the target nucleic acid is a human nucleic acid.

182. The method of claim 181, wherein the sample fluid further comprises non-

human, non-target nucleic acid.

183. The method of claim 163, wherein the target nucleic acid is not amplified at any

point during performance of the method.

184. An instrument for excitation and detection of fluorophores in a plurality of

functional regions in a biochip, comprising:

an excitation source; and



a steering element that directs a beam from an excitation source to a plurality of

functional regions in the biochip, wherein the excitation source excites the fluorophores

in the plurality of functional regions generating a signal that is detected such that said

signal from at least one of the plurality of functional regions allows nucleic acid

quantification.

185. The instrument of claim 184, wherein the steering element is a mirror.

186. The instrument of claim 184, further comprising a first scanner that directs the

excitation beam to each of the quantification chambers in the quantification region of the

biochip and a second scanner that directs the excitation beam to each of the chambers in

a second functional region of the biochip.

187. The instrument of claim 184, further comprising a mirror mounted on a

translation stage that directs the excitation beam to each of the quantification chambers

in the quantification region of the biochip and a second scanner that directs the excitation

beam to each of the chambers in a second functional region of the biochip.
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