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(57) Abstract: Stock solutions comprising at least one visually detectable inert dye and at least one passive reference dye and meth -
ods for using such stock solutions with colorless real-time PCR master mixes, are provided. This stock solution will be added to pre-
made real-time qPCR master mixes that themselves can support amplification. Thus the combination of the stock solution and the
master mix allows for generating a colored master mix that, while being colored for ease of tracking, will support amplification.



(¥4

10

5

30

WO 2015/054396 PCT/US2014/059710

COMPOSITE VISIBLE COLORANT AND METHOD FOR
QUANTITATIVE AMPLIFICATION

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS
{6881} The present application claims benefit of priority to US Provisional Patent
Application No. 61/889,358, filed October 10, 2013, which 18 incorporated by reference for

all purposes.

BACKGROUND OF THE INVENTION
[6662] Real-time gPCR aliows real time fluorescence detection and measurerent of BNA
amplification, and is often used for accurate quantitation of input DNA template in many
molecular biology and biotech applications. There are several reai-time gPCR chemistries
and the rost used two are: dsDNA binding (intercalating) fluorescence dyes, such as SYBR
Green, and the 5 -nuclease hydrolysis fluorescence probe (TagMan) method. The TagMan
method allows using multiple fluorescence report dyes, such as FAM, VIC, NED, 5- and/or
6-carboxy-X-thodaroine {¢.g., available comunercially as ROX™ and as SuperROX™ (frora
Biosearch Technologies, Petaluma, CA}), and CY 3, cach of which have different emission
spectra for detection and measurement of roultiple target DNA sequence amplifications ina

single reaction.

{68031 There are many different real-time instrument platforms, such as 7500 and 7900
frorn Applied Biosystems, 1Q5 and CFX96/384 fromn Bio-Rad, and some of them require an
internal passive reference fluorescence dye for reporter dye fluorescence signal normalization
from well to well to fraprove quantitation accuracy. Fluorescent dye ROX or a FRET ROX
are often used as passive reference dyes {see, e.g., US Patent No. 5,736,333 } in ¢PCR and
RT-qPCR master nux products. Due to differences in design of thermal cyclers, some
instruments employ a high concentration of S- or 6~carboxy-X-rhodamine dye for
normalization while others employ low concentration. The normal ROX dye has an
excitation/emission maximum at 586/610 nm and can be excited efficiently on the 7500 and
other “low ROX” instruments, which provide different excitation wavelength lights for cach

different fluorophore channels. The ROX dye cannot be excited efficiently on the 7900 “high
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ROX” instrument, which provides only a single 488 nm laser light for excitation of all
different fluorophores, and hence a higher concentration of ROX is needed to generate
required reference signal intensity for normalization.  Typically, the ROX concentration used

by a “high-ROX” platform is about 10-fold higher than that used by a "low-ROX" platform.

[6604] A FRETROX is a FAM/ROX FRET-based oligo conjugation that can be excited
both at 586 nm maximum as normal ROX dye, and at around 488 nm for the FAM
fluorophore that upon being excited transfers the evergy to the ROX fluorophore to emit
fluorescence at 610 om maximum. See, e.g., US Patent No. 5,736,333, A qPCR master mix
with a single concentration of FRET ROX can be used on all different ROX-dependent
instruments, whether it is a low ROX or high ROX jnstrument. A gPCR master mix with a
defined concentration ratio of a norrual ROX dye and a long Stokes-shift fluorescence dye
that has an emission spectrum maximum similar to ROX but can be excited at around 488 nm
can scrve as a universal ROX reference dye similar to the FRET ROX, and can be used on
differcnt ROX-dependent gPCR mstruments. See, e.g., US Patent Publication No.
2012/0164690.

[6005]  PCR and other nucleic acid araplification reaction set-up on microwell-plate can
wvolve pipetting a (1) reaction master rmx that contains all assay components except the
nucleic acid template, and {2) a DNA sample that contains the nucleic acid {e.g., DNA)
template coraponent separately into reaction wells, When this is done ou a ratcrowell plate
with small volumes, it is easy to lose track of whether or not a component has been pipetted
wito a well, especially when a white or non-transparent well plate 1s used. Thus, reaction set-
up errors can occur, resulting in failed PCR reactions. PCR master mixes with inert visible
dye have been used to roinimize pipetting orrors for routine PCR and real-timae PCR, and
commercial products are available, such as RedTag ReadyMix PCR Reaction Mix of Sigma
Aldrich, Absolute Blue gPCR Mixes, DyNamo ColorFlash gPCR Kits, and Lurainaris Color
gPCR Master Mixes of ThermoScientific, and TagMan GTXpress Master Mix (with tracking

dye) of Life Technologies.

BRIEF SUMMARY OF THE INVENTION
[6006] It has been discovered that visible dye colorants can interfere with mternal passive
dye {¢.g. ROX) signaling, resulting in instrument QC flag of “bad-passive-reference-signal”,
and poor Cq standard deviation (STDEV) and quantitation accuracy. This issue can be solved

as described herein. Provided herein are composite visible dye formulations that solve this
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issue and that provide a universal visible colorant for using with any colorless gPCR master
mixes on any real-time wstruroent platforms. In sowe ewobodiments, a standalone,
concentrated composite colorant solution for use of pipetting tracking in reaction set-up with
anty commercial colorless PCR rmaster mixes (with or without an internal passive reference 5-
or 6-carboxy-X-rhodamine dye) without affecting its performance for required 5- or 6~
carboxy-X-rhodamine dye normalization on its intended real-time PCR instrument, wherein,
the composite colorant solution comprises at least 1.) a visible dye and 2.} a passive reference
fluorescence dye that 18 able to compensate a reduction of an internal passive refercnce 5- or
6-carboxy~X-rhodanune dye signal caused by the visible dye absorption interference to the
internal 5- or 6-carboxy-X-rhodamine dye dye excitation and/or emission during PCR, and
wherein the passive reference dye is composed of either a FRET ROX or of a simople ROX
and a long Stokes shift fluorescence dye, and is able to generate a good passive reference
signal at around 610 nm wavelength on both a PCR instrument with an excitation light of
around 488 nm wavelength and a PCR instrument with an excitation light of around 370 nm

wavelength.

18071 In some embodiments, an agueous formulation (¢.g., a composite colorant
formulation) i1s provided, the formulation comprising: a visnally-detectable dye; and an
internal reference molecule corprising a first fluorophore, which first fluorophore upon
excitation emits energy at a specific wavelength range; wherein the visually-detectable dye
partially absorbs cnergy at the specific wavcelength range; and the formulation does not
comprise sufficient components for target nucleic acid amplification if added to a target

nucleic acid and primers.
[B008]  In some cmbodiments, the specific wavelength is between 615 and 625 nm.

(668091 v some erubodimuents, the first fluorophore 1s a §- and/or 6-carboxy-X-rhodamine
dye. In some cmbodiments, the concentration of the 5- and/or 6-carboxy-X-rhodamine dye is
more than 160 nM. In sorac erabodiments, the concentration of the 5- and/or 6-carboxy-X-

rhodamine dye is more than 1000 nM..

[3010]  In some embodiments, the internal reference molecule comprises a second
fluorophore and a hinker joining the first and second fluorophores such that excitation of the
second fluorophore results in transfer of energy from the second fluorophore to the first

fluorophore, which first fluorophore mn turn emits energy at the specific wavelength range. In
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some embodiments, the second fluorophore is fluorescein amidite (FAM}). For example, the

internal reference molecule can be “FRET ROX™.

{811} In some embodiments, the visually-detectable dye (or dyes) is selected from the
group consisting of Xylene Cyanol FF, Cresol Red, Tertrazine, Quinoline Yellow, m-Cresol
Purple, Brilliant Blue, Patent Blue, Indigocarmine, Acid Red 1, Neutral Red, Bromocresol

Green, Acid Violet 5, Bromo phenol blue, and Orange G.

(66121 In some cmbodiments, the visually-detectable dye is at an integer multiple of a
visually-detectable concentration; and the internal reference wolecule is at said integer
nultiple of a sufficient concentration to compensate for absorbance of a passive reference
signal {¢.g., 10 a ¢PCR reaction) by the visually-detectable dye at the specific wavelength

range, wherein said integer multiple is between 2 and 1000,

(66131 In some cmbodiments, the formulation further comprises a long Stokes-shift dye
different froma the mnternal reference molecule, wherein the long Stokes-shift dye has a
Stokes-shift that is greater than the Stokes-shift of the first fluorophore (which can be, for
exarnple, 3- and/or 6-carboxy-X-rthodaraine dye), wherein the passive Stokes-shift dye has an
eraission wavelength maxinum approximately the same as the first fluorophore emission
wavelength maximum, and an excitation wavelength rmuaximum significantly ditferent than
the first fluorophore excitation wavelength maximum. In some embodiments, the long
Stokes-shift dye has a Stokes-shift of at least about 60 mm. In sorae crabodiments, the long
Stokes-shift dye has a excitation wavelength maximum of 550 nm or less. In some

embodiments, said long Stokes-shift dye is a fluorescent dot.

[6814]  In some cmbodiments, the internal reference molecule 1s a long Stokes-shift dye,
wherein the passive long Stokes-shift dye has a Stokes-shifthaving an emission wavelength
maximum approximately the same as a 5- and/or 6-carboxy-X-rhodamine dye emission
wavelength maximure, and an excitation wavelength maximurm sigoificantly different than
the 5- and/or 6-carboxy-X-rhodamine dye excitation wavelength maximum (e.g., an

excitation wavelength maximum of about 550 nm or less).

[6618]  In some embodiments, the formulation lacks a polymerase, nucleotides, or divalent

cations.
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(6816}  Also provided is a method of forming a mixture capable of supporting nucleic acid
amplification. [ some erobodiments, the method comprises combining the aqueous
formulation as described above {(or otherwise described as a “stock solution” herein) with at
lcast a DNA polymerase, nucleotides, divalent cations, a passive reference dye for
amaplification normalization and a nucleic acid saraple. In some embodiments, the method
compriscs combining the aqueous formulation with a real-time PCR master mixture
comprising at least a DNA polymerase, nucleotides, divalent cations, a passive reference dye
for amplification normalization, thereby forming a colored real-time PCR master mixture;

and combining a nucleic acid sample with the colored real-time PCR master mixture,

68171 Also provided is a method of performing a real-time quantitative polymerase chain
reaction. In some crbodiments, the racthod coraprises performing a polymerase chain
reaction {PCR)} with a mixture comprising the aqueous formulation as desertbed above {or
otherwise described as a “stock solution” herein) and at least a DNA polymerase, nucleotides,
divalent cations, a passive reference dye for araplification normalization, and a vucleic acid

sample.

BRIEF DESCRIPTION OF THE DRAWINGS
{3818} Figure 1 shows the principle of composite colorant for gPCR on all real-titoe PCR
instruments. AL} Representatives of Real-time PCR instruments that require passive
reference normalization for veporter signal analysis. B.) Passive reference “ROXY dyes used
in gPCR master mixes: FRET ROX in all Applied Biosystems (AB)'s ¢PCR master mixes
can be used at a single concentration on all AB’s instruments; ROX can be used at a low
concentration in a qPCR master mix for the “low ROX” imstruments 7500 and ViiA7, but at a
~10x higher concentration in a master nux for the “high ROX” mstruraent 7900 due to its
inefficient excitation with 488nm light; long Stokes shift dye (LS} can be used to generate
“ROX passive reference signal effectively on 7900 , and when combined with a low
concentration of ROX to form a “universal” compesite ROX (uROX} in a master mix, the
uROX can be used at a single concentration on all low and high ROX instruments. C} A
corposite colorant comprising a visible blue dye and a “coraposiie ROX” that includes a
regular ROX and an LSD. The visible blue dye absorbs light at maximmum 614 nm and
witerferes and redoces ROX signal when added mnto a colorless gPCR master rax, The
composite ROX compensates the loss of ROX signal by the visible blue dye to maintain a

good passive reference signal for reporter signal normalization.
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[6619] Figurc 2. Visible colorant, Xylene Cyanol, interferes ROX normalization and a
composite colorant prevented the interference on 7900HT instrument. PCR amplification
curves using a qPCR master mix with “no colorant” control (A, “no colorant™) and that with a
“xylene eyanol” blue colorant (A. “+ xylne cyanol”). The added blue dve mterfered and
reduced ROX signal significantly (D3, arrow) from the control (. arrow), resulting in bad
passive reference signal (BPR) QC flags (B, “+ xylene cyanol”), and noisy araplification
traces and larger Cg standard deviations (A, “+ xylene cyano!”). LSD in a composite blue
colorant compensated the loss of ROX signal (E, arrow) that prevented bad passive reference

signal froro happening.

DETAILED DESCRIPTION OF THE INVENTION

i Entroduction

(68261 Stock solutions comprising at least one visually detectable inert dye (also referred to
herein as a “visible dye” or “colorant”™} and at least one passive reference dye, ¢.g., S- and/or
G-carboxy-X-rhodamine, and methods for using such stock solutions with colorless real-time
PCR master mixes, are provided. [t has been discovered that visible dyes {(e.g., foruse in
confirming deposit of reagents into microplates) can be combined with passive reference dyes
as stock solutions that, when added to ¢PCR reactions, can adjust the concentration of the
total passive reference dye(s) to compensate for any interference of emission or excitation of
the internal passive reference dye(s) (e.g., in the master mix) caused by the visible dyve alone.
Prior to this discovery, one often could not successfully add a visible dye colorant to an
amplification master mix that comprises a passive reference dye {(e.g., ROX) without
degrading the normalization function of the internal passive reference dye because the
colorant would interfere with the passive reference dye signal, thereby degrading or ruining
normalization using the passive reference dye. In view of the discovery, a compostie colorant
stock solution is provided comprising a visible dye and an amount of the passive reference
dye to compensate for the interference caused by the visible dye. This stock solution will
typically not be able to support amplification itself, but instead can be added to off-the-shelf
or otherwise pre-roade real-timne qPCR master mixes that theraselves can support
amaplification. Thus the combination of the stock solution and the master mix allows for
generating a colored master mix that, while being colored for case of tracking, will support
amplification and allow for normal passive reference normalization in spite of the presence of

a visible dye.
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168211  As cxplained in more detail below, in one aspect, the visible dye is combined with a
passive reference dye that has an excitation/emission specira the sarae as or sivolar to the
passive reference dye{s) (referred to as an “internal passive reference dye” when in the master
mix — as opposed to in the composite stock solution as discussed below) in the master ruix.
The amount of the passive reference dye{s} is{are) sufficient to compensate for the reduction
of internal passive reference dye(s) signal (at the cmission wavelength) caused by the visible
dye alone, such that when the visible dye/ passive reference dye{s} stock solution is combined
with a real-tirac aroplification master mix comprising the internal passive reference dye(s),
the total passive reference dye concentration will be sufficient to generate a normal passive

reference signal for good normalization performance for the gPCR data analysis.
118022 Formulations

{68231 Provided herein are composite colorant (i.c., comprising at least one visually-
detectable dyefs) and one or more passive reference dyes) formmlations. The formulations
will generally be concentrated stock solutions for case of use, meaning that the concentration
of the components are at a set integer multiple of their ultimate desired {¢.g., as discussed
above) concentration, such that a sruall amount of the stock solution can be added to a larger
volume of a real-tirne PCR master-mix or other component solutions {¢.g. assay
primers/probes mixture or DNA samples) to be visually tracked for pipetting accuracy. For
exarnple, the forroulation concentration (i.c., all coraponents of the forroulation) can be set at
a concentration of “10X”, “20X,7 30X, “100X,” “200X,” 500X,” or more. This allows for
a relatively small amount of stock coraposite colorant solution to be added to amplification
reaction components to generate a colored mixture, for example, that can subsequently be
added to a plurality of receptacles (e.g., a microwell plate) comprising, or soon to cormprise,
sample nucleic acids and/or other reaction components. The small amount of stock
composite colorant solution added to an armaplification reaction mixture can in some
embaodiments be less than 10%, 5%, 2%, or 1% of the volume of the amplification reaction,
thereby causing only an insignificant change in overall concentration of reaction mixture
components while adding composite colorant solution. As an example, one microliter of a
200X stock composite colorant solution can be added to a 100 pl Zx amplification master mix
thereby achicving a “2X” concentration of visually-detectable dye and of additional
compensating passive reference dye(s) while altering concentrations of the 2x amplification

master mix components by less than 1%, t.e., insignificantly.
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[6024] In some embodiments, the composite colorant stock solution is an aqueous solution,
optionally comprising a buffer, and otherwise consisting of the visible dye and the passive

reference dye(s).

[6013] In addition to the ingredients above, in some embodiments, the stock selutions can
further comprise or cousist of, for example, a buffer (e.g., Tris buffer, or Tris-EDTA buffer),
a detergent {¢.g., a non-tonic detergent such as Triton X-100 — to prevent the dye from
sticking to plastic surface through hydrophobic interaction), and/or a fungicide or other

preservative,
Visible dyes

{60257 Visually-detectable dyes {(sometimes referred to herein as colorants) that can be
used as described herein include any dye that can be seen with the naked eye at the
concentration used and that does not significantly interfere with nucleic acid amplification.
o some emabodivoents, the visually-detectable dye can be selected from Xylene Cyanol FF,
Cresol Red, Tertrazine, (Juinoline Yellow, and m-Cresol Purple. Other candidate visible
dyes that can be used mclude, but are not limited to, Briliant Bhue, Patent Blue,
Indigocarmine, Acid Red I, Neutral Red, Bromocresol Green, Acid Violet 5, Bromo phenol
blue, and Orange G, ¢.g., as listed in U.S Patent Publication No. 2012/0219957. Other
exemplary visually-detectable dyes include those listed 1n U.S. Patent No. 6,942,964, The
concentration of the visually-detectable dye will be a sufficient concentration for visualizing
the dye in a colored reaction component solution, or when in a stock solution, an integer

multiple {e.g., 100X, 500X, 1000X) of that sufficient concentration.
Passive reference dyes

[6826] Passive reference dyes are dyes that provide an internal reference to which the
reporter dye signal can be normalized during data analysis. The dyes are “passive” as known
in the art, 1.¢., in that the signal of the dyes do not significantly vary in the presence of
varigus quantities of double-stranded nucleic acids. At least one passive reference dye s
included in the compostte colorant forraulation. In addition, a passive reference dye will also
generally be included in a veal-time PCR master mix for normalization. Generally, though
not always, the same passive reference dye is used in the composite colorant formulation and
the master mix. Sirictly for convenience of discussion, when the passive reference dye is in
the master mix is discussed, the term “internal passive reference dye” will be used. As an

example, ROX wn a compostie colorant stock solution is referred to as a “passive reference
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dye”, while ROX 1n a gPCR master mix is referred to as a “internal passive reference dye.”
Thus, “passive reference dye” and the “internal passive reference dye” used in the gPCR.
master mix will generally be the same, and generally will be 5- and/or 6-carboxy-X-
rhodamine. The passive reference dye(s) will gencrally be a fluorescence dye(s) with a sarue
or similar excitation/emission spectra as the internal passive reference dye(s) used in the real-
time amplification master mux with which the stock solution of this vention will be used for
reaction set-up pipetting tracking. For example, if the master mix uses S- and/or 6-carboxy-
X-thodaraine {¢.g., ROX) as the passive reference dye for normalization, then the passive
refercnce molecule in the coraposite colorant stock formulation will also be 5- and/or 6-
carboxy-X-rhodamine, or a combination of a ROX dye and a long Stokes shift dye that
collectively gives a excitation/emission spectra simtlar to the FRET ROX for passive
reference purpose. If the master mix uses FRET-ROX (i.e., FAM linked to ROX, e.g., as
described in US Patent No. 5,736,333) then the passive reference molecule in the stock
formulation will also be FRET-ROX, or a combination of a ROX dye and a long Stokes shift
dye that collectively gives a excitation/ermission spectra similar to the FRET ROX for passive
reference purpose. The concentration of the passive reference dye in the composite colorant
will be a concentration to approximately cormpensate for interference the visually-detectable
dye causes for signal from the internal reference dye. For example, if introduction of the
visually-detectable dye into the master mix results 1 g 10% decrease in signal frorn the
witernal passive reference dye n the PCR reaction, then the compostie colorant stock
formulation will contribute an additional 10% of the passive reference signal (such that when
the stock formulation and master roix are combined, the resulting reaction mixture has a
similar passive reference dye signal as without using the composite colorant). As discussed
above, as the visually-detectable dye/ passive reference molecule formulation is typically to
be used as a stock solution, the concentration of the passive reference dye in the stock
solution will be the integer multiple of the compensatory amount of internal passive reference

molecule.
Long Stokes-shift dyes

166271 In some cmbodiments, the stock formulations will further comprise a “long Stokes-
shift dye,” for exarople as described 1n US Pateut Publication No. 2012/0164690.
Thus, in oue aspect, the visible dye is combined with (1) and (2) below to form the coroposite

colorant;
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{1} A first passive reference dye with an excitation/emission spectra same as or
sirotlar to the mterval reference dye {e.g., 5- and/or 6-carboxy-X-rhodamioe)
with an amount of the reference dye as described above, t.e., formulated so as to
provide a sutficient amount of passive dye reference signal to compensate for
the reduction of internal reference dye signal. For example, the stock
formulation can coraprise a sufficient arsount of 5- and/or 6-carboxy-X-
rhodamine to compensate for the reduction of 3~ and/or 6-carboxy-X-rhodamine
signal caused by the visible dye alone on a “low ROX” instrument (¢.g. 7500
series Real-Time PCR Instroment and ViiA 7 Real-Time PCR Instrument from

Applicd Biosystems).

(2} A second passive reference dye {referred to here as a “long Stokes shift dye™).
The long Stokes shift reference dye has a Stokes shift that is greater than the
Stokes-shift of the internal reference dye (e.g., 3- and/or 6-carboxy-X-
rhodamine) and has an enussion wavelength maximur approximately the same
as the internal reference dye emission wavelength maxinmm, and an excitation
wavelength reaamuom significantly different than the internal reference dye
excitation wavelength maxinmum. The concentration of the long Stokes shift
dye 1s formulated so as to compensate for the reduction of the passive reference
signal caused by the visible dye alone on a “high ROX” instrument {e.g. 7900

series Real-time PCR Instrument frora Apphcd Biosystems).

[B028] The Stokes-shuft refers to the difference between the excitation and emission

wavelength of the dye.

{6829} The long Stokes-shift dye is “long” because the dye is excited at a wavelength
significantly different thao that of 5- or 6-carboxy-X-rhodamine dye {which has an excitation
maxinun at ~575 nm), but has an emission wavelength maximum substantially the same as
5- or g-carboxy-X-rhodamine dyc (which has an ermssion wavelength maxiraur of ~620
am}, and thus has a longer Stokes shift than the 3- or 6-carboxy-X-rhodamine dye. The
mnclusion of the long Stokes-shift dyc allows the dye ruixture to be used at a single
concentration on both high and low concentration ROX instruments. The concentration of
the long Stokes-shift dye in an amplification reaction 1s determined such that the combined
signal of the long Stokes-shift dye and the first passive refercoce dye {(which can be, but is

not limited to, 5- or 6-carboxy-X-rhodamine dyc) is sufficient for use in a high concentration
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passive reference dye real-time PCR instrument to normalize data. When used on a low
concentration passive reference dye real-time PCR 1ustrument, the fluorescent dye with a
long Stokes-shift will not be excited in the passive reference dye {e.g., 5- or 6-carboxy-X-
rhodamine) channel, thus not generating any additional signal in the channel to be
detected/used for passive reference dye normalization. The signal generated by the low
concentration of first passive reference dyce present in the muxture is used for normalization
instead. As a result, this pre-mix with a single concentration of composite colorant can be
used on both “high-passive reference dye” and “low-passive reference dye” instruments, as
well as on instruments requiring no passive reference normalization, and thus allows the

mixture to be “universally” applicable regardless of the instrument used.

[B038]  As discussed above for the other dyes, when formulated mto a stock solution, the
fong Stokes-shift dye concentration is an integer multiple {e.g., 2-1000X) of the working

concentration described above.

(6031}  Any long Stokes-shift dye can be used according to the invention so long as the dye
has an excitation wavelength maximum that significantly differs from that of the first passive
reference dye {e.g., 5- or 6-carboxy-X-rhodarmne dye) and has an cmission wavelength
maxinum that can be detected in combination with the first passive refercoce dye with the
same detection channel. Accordingly, the excitation (or absorbance) peak wavelength
maximum should peak at less than about 560 nm where 5- or 6-carboxy-X-rhodamine dye is
the passive reference dye. 1n some cmbodiments, the cmission peak wavelength maximum of
the long Stokes-shift dye will typically be between 530-630, 530-610, or 616-630, ¢.g., 615-
625, ¢.g., about 620 nm. The dyes will generally not have significant affinity for nucleic
acids. The dyes, for example, can be fully or partially soluble in aqueous selutions or can be

insoluble solids that evenly distribute in aqueous soiution (¢.g. flugrescent particles).

{68321 The long Stokes-shift dye can also be selected such that the excitation wavelength
maximum of the long Stokes-shift dye and the first passive reference dye are suthiciently
different that, if desired, the passive reference dye can be excited without substantially
exciting the long Stokes-shift dye. Thus in some crmbodiments, the long Stokes-shift dye has
an excitation wavelength maximum of less than 460, 470, 480, 490, 500, 518, 520, 525, 530,
540, 550, 560 nm, ¢.g., 470-510, 490-510, 480-500 nm, etc. The particular excitation
wavelength reaximum can be any wavelength so long as it does not significantly overlap with

the excitation wavelength maximum of the passive reference dye, and is compatible with
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real-time amplification instruments optical design. In some embodiments, the Stokes shift
{the difference between the excitation and ermssion wavelength maximum) of the dye s at
least, ¢.g., 60, 75, 100, 150 nm or more {L.e., at least 5, 10, 25, 50 nm, or more from the
passive reference dye exeitation wavelength maximumy). In some aspects, the Stokes shift of
the dye is about 80 nM and in some cases an excitation maximum around or at 532 sm. An
example of such a dyc is the mFhuor™ Green 620 SE dye {available commercially from, ¢.g.,

AAT Bioquest (Sunnyvale, CA).

[3833]  Another cxemplary long Stokes-shift dye is Chromeo™ 494, which is
comracrcially available from, for exaraple, Active Motif (Carlsbad, CA). Chromeo 494 has
the following chemical content: CocHaoNo(y, MW 436.55. Chromeo 494 can be excited at
488 nm but cnits at about 620 nm (as FRET ROX will do on a “high ROX"” instrument such

as the 7900HT Real-Time PCR lustrument {Apphed Biosystems)).
[3834] Another exemplary long Stokes-shift dye has the following formula:

f/\?\ TN o0

¢ _ . This dye 15 avatlable
commercially as DY-310X1L. (Byomics, Jena, Germany). Various modifications of the
above-dye are available {e.g., from Dyomics), including, ¢.g., carboxylic acid (CpoH34N,048;
MW 554.67), NHS-ester (CasHaN3GoS; MW 651.74), amino-derivative {Cy Ha NyOeSCL
MW 633,21}, maleimide {CasHaeN4GsS; MW 676803, and dUTP (Cqy HagNsO,P3S*4L5
MW 1083.61) modifications. It is believed such modified dyes as well as other modified
versions can be used according to the present invention. For example, the carboxylic acid

modificd version of the above dyc has an adsorption/emission maxima at 509urm/5%00rm.

[6833]  Iu some erubodiruents, the colorant mixture will comprise the long Stokes~-shift dye
in a form free from chemical modification or conjugation. Alternatively, the long Stokes-
shift dye can comprise {¢.g., can be conjugated to) one ot more further cheroical moieties so
long as they do not significantly affect the excitation or especially the emission wavelength

maximum of the dye. Thus, in some embeodiments, the long Stokes-shift dyc comprises a
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linker or other moicty. Exemplary moictics inchude but are not fimited to, e.g., an azide,
alkyne, carboxylic acid, a NHS-ester, biotin or streptavidin. It will be appreciated that other
moictics can also be linked to a dye without significantly affecting the dye’s activity as
described above. In some embodiments, the long Stokes shift dye s linked to & peptide,

oligonucieotide, or other molecule.

[6636] In some embodiments, the long Stokes-shift dye is linked to, or is otherwise
wmeorporated with, or coutained n a sohd support. Exemplary solid supports include but are

not limited to beads, particles, and microspheres.

{68377  In some embodiments, the long Stokes-shift dye comprises or is a fluorescent dot.
Exeraplary fluorescent dots include, but are not limited to, quantum dots (see, ¢.g., US Patent
Nos. 5482890, 5229320, and 6326144} and semiconducting polymer dots {(Pdots), including
but not limited to amphiphilic polystyrene semi-conducting polymer {see, e.g., Wueral, J

Am Chem Soc 132(431:15410-7 2010y,

{6838} In addition to dyes, other fluorescent agents having a long Stokes shift (i.e,, having
an cxcttation wavelength maximum that significantly differs from that of the passive
reference dye {e.g., 5- or 6~carboxy-X-rhodamine dye) and having an emission wavelength
maximum that can be detected in cornbination with the passive reference dye with the same
detection channel) can also be used as described herein. Other possible agents include, but

are not limited to, fluorescent proteins,

{3639} The concentration of the particular long Stokes-shift dye or agent used will vary
depending on the various parameters, inchuding the quantum yield of the particular dye used.
Usetul concentrations for the mvention can be determined empirically, and can depend, for
example, on the precise visible dye used and the signal strength in the FRET or ROX

channel.
Amplification master mixes

[0648] When ready for use, the composite colorant stock solution can be mixed with one or
more sohution used for reaction set-up for real-time amplification. Thus, in some
cembodiments, the colorant/dye stock solution 1s combined with a colorless real-time
amplification {e.g., ¢PCR) master mix comprising a passive reference dye {(e.g., 3- or 6~
carboxy-X-rhodamine, or FRET ROX). A “master mix” refers to a mixture of components

sufficient for amplification with the exception of assay primers/probes and template DNA,
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and will typically include, e.g., a polymerase, free mucleotides {e.g., dNTPs), Mg, a pH
buffer and optionally additives for improving PCR performance and reagent stability. Other
components can also be included. Master mixes can also contain an internal passive
reference dye, e.g., 5- or 6-carboxy-X-rthodarmine {c.g., "ROX”) dye (sce Figure 1) forusc on
different real~-time PCR instruments that require a passive reference for reporter signal
notraalization 1o gPCR data analysis to improve quantification accuracy. Onc benefit of the
visible dye/ passive reference dye composite colorant stock sohutions described herein is that
they can be added to off-the-shelf real-time amplification master mixes designed to be used
on any real-time PCR instruments, whether it requires 1o-ROX {¢.g. CFX96/384 from Bio-
Rad), low-ROX {c.g. 7500 and ViiA 7 Real-Time PCR Instruments from Applied
Biosystems), ot high-ROX (e.g. 7900 Real-time PCR wnstrurnent from Applied Biosysiems)

reference dye concentrations.

{6841} The master mixes can further contain one or more reagents useful and/or required
for amplification or detection of the sample. Exemplary possible reagents include, but are not
limited to, one or more salt, one or more bufter, one or more nucleic acid polymerase and/or
reverse franscriptase, one or more an oligonucicotide primer, as well as other reagents that

umprove the amplification.

[3042]  In some embodiments, the master mixture does not include an oligonucleotide
primer, thereby allowing a user to add a primer(s) as desired. In other embodiments, the
master mixture can include one or more oligonucleotide primer. Oligonucleotide primers can
be any oligonucleotide of two or more nucleotides 1n length. o sorne emnbodiments, PCR
primers are about 15 to about 30 bases in length, and are not palindromic (self-
complomentary) or complermentary to other primers that can be used in the reaction mixture.
Primers can be, but are not limited to, homopolymers, primers specific to a target RNA
template (c.g., a scquence specific primer}, or muxturcs of random primners. Any primer can
be synthesized by a practitioner of ordinary skill in the art or can be purchased from any of a
number of commercial venders (¢.g., from Bochringer Mannheim Corp., Indianapolis, Ind,;
New England Biolabs, Inc., Beverley, Mass.; Pharmacia LKB Biotechnology, Inc.,
Piscataway, N.1; Integrated DNA Technology, Coralviile, lowa; Eurogentec, San Dicgo,
Calif ; Sigma Genesys, The Woodlands, Tex.). Optionally, the mixtures can comprise one or
more labeled oligonucieotide. Labels can include, for example, fluorescent labels including
but vot hmited to FRET labels. Such labeled oligonucieotides can be usetul, for example, for

TAQMAN™ ampiification as detatled further below.
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[6043] Nucleotide bases in the master mix can be any nucleotide usctul in the
polymerization of a nucleic acid. Nucleotides can be naturally occurring, uousual, modified,
derivative, or artificial. Nucleotides can be unlabeled, or detectably labeled by methods
known in the art (¢.g., using radioisotopes, vitamins, Hluorcscent or chemilurinescent
moietics, dioxigenin}. In some embodiments, the nucleotides are deoxynucleoside
triphosphates, ANTPs (e.¢., dATP, dCTP, dGTP, dTTP, dUTP, o-thio-dNITs, biotin-dUTP,
fluorescein-dUTP, digoxigenin-dUTP, 7-deaza-dGTP). dNTPs arc also well known in the art
and are commercially available venders {e.g., from Boehringer Mannheim Corp.,
Indianapolis, Ind.; New England Biolabs, Inc., Beverley, Mass,; Pharmacia LKB
Biotechnology, Inc., Piscataway, N 1), In some embodiments, the nucleotides comprise 1, 2,
3, or 4 different deoxynucleoside triphosphates selected from dATP, dCTP, dGTP, dTTP, and
dUTP.

6844} The nucleotides can be present in the master mix in any useful concentration. In
some embodiments, the macleotides are present in an amount from about 1 nM to about
1000 nM. In other embodiments, the nucleotide are present in an amount from about 10 nM
to about 750 nM. In still other embodiments, the nucleotides are present in an amount from
about 100 nM to about 500 nM. Onc of skill in the art will appreciate that other

concentrations of nucleotides can also be useful.

[6845] Buffering agents and salts in the master mix provide appropriate stable pH and lonic
conditions for nucleic acid synthesis, ¢.g., for DNA polymerase activity. A wide variety of
buffers and salt solutions and wodified buffers are known v the art that can be aseful in the
present invention, including agents not specifically disclosed herein. Exemplary buffering
agents mclude, but are not limited to, TRIS, TRICINE, BIS-TRICINE, HEPES, MOPS, TES,
TAPS, PIPES, and CAPS. Hxcemplary salt solutions include, but are not limited to solutions
of, potassiurn acetate, potassiom sulfate, potassium chloride, aromonium sulfate, ammoniom
chigride, ammonium acetate, magnesium chioride, magnesium acetate, magnesium suifate,
manganese chloride, manganese acetate, mangancse sulfate, sodiura chloride, sodinm acetate,
lithium chioride, and lithium acetate.

[3846] The buffering agents can be present in any concentration. In some embodiments,

the buffer is present in an amount frora about 0.1 mM to about 1000 mM. In other

embodiments, the buffer is present in an amount from about 1 mM to about 500 mM. In still
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other embodiments, the buffer is present in an amount from about 5 mM to about 250 mM.

One of skill in the art will appreciate that other concentrations of buffer are useful.

{38477 The salis of the present invention can be preseut 1o any concentration. In some
ernbodiments, the salt is present in an amount from about .01 mM to about 1000 mM. In
other embodiments, the salt s prescot in an amount from about 0.1 M to about 300 mM. In
still other embodiments, the salt is present in an amount from about 1 mM to about 100 mM.

One of skill in the art will appreciate that other concentrations of salts are useful.

[3848]  Oune or more of these additives can be incorporated in the master nux o optimize
the generation and replication of nucleic acids from a ribonucieic acid template. Additives
can be organic or fnorganic corapounds. Inhibition-relieving agents useful in the present
invention include, but are not limited to, polypeptides such as; human serum albumin, bovine
serurn albumin (BSA), ovalburmin, albumax, casein, gelatin, collagen, globulin, lysozyme,
transferrin, myoglobin, hemoglobin, a-lactalbumin, fumarase, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), amyloghicosidase, carbonic anhydrase, -lactoglobulin, aprotinin,
sovbean trypsin inhibitor, trypsinogen, phosphorylase b, myosin, actin, § -palactosidase,
catalase, tryptic soy digests, tryptose, lectins, E. coli single-stranded binding (SSB) protein,
phage T4 gene 32 protein, and the like, or fragments or derivatives thereof, Examples of
nonpolypeptide additives inchude, but are not limited to; tRNA, rRNA, sulfur-containing
compounds, acctatc-containing compounds, dimethylsulfoxide (DMSO), glycerol,
formamide, betain, tetramethylammonium chloride (TMAC), polyethylene glycol (PEG),
TWEEN 20 non-ionic surfactant, NP 40, non-ioni¢ surfactant, ectoine, and polyols.
Exemplary additives inchude DMSO, glyeerol, formamide, betain, TMAC, PEG, TWEEN 20
non-ionic surfactant, NP 40 non-ionic surfactant, cctoine, polyols, E. coli (88B) protein,

Phage T4 gene 32 protein, and BSA.

6849} Iun addition, the master mixes can inchude agents which provide for detection of the
amplification products. For example, the pre-mixes can inchude appropriate hybridization
probes for hornogenous real time detection of amplification prodacts. In some embodiments,
these probes can be appropriately labeled with fluorescent moicties. Other possible
coraponents include additional dyes that bind to double-stranded DNA. In some

embodiments, the dye can be SYBR green.

[085¢] DNA polymerases uscful in the master mixes can be any polymerase capable of

replicating a DNA molecule. Exemplary DNA polymerases are thermostable polyrerases,
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which are cspecially useful in PCR, ¢.g., thermophilic polymerases. Thermostable
polymerases are isolated from a wide variety of thermophilic bactenia, such as Thermus
aguaticus {Taq), Thermus broclianus (Tor), Thermus flavus (TR, Thermus ruber (Tru),
Thermus thermophilus {Tth), Thermococcus litoralis {Th) and other species of the
Thermococcus genus, Thermoplasma acidophilum (Yac), Thermoioga neapolitana {Tog),
Thermotoga maritima (Trna), and other specics of the Thermotoga genus, Pyrococcus
Sfuriosus (Pu), Pyrococcus woesel {(Pwo) and other species of the Pyrococcus genus, Bacillus
sterothermophilus (Bst), Sulfolobus acidocaldarius (Sac), Sulfolobus solfataricus (8so),
Pyrodictium occultum (Poc), Pyrodictivm abyssi (Pab), and Methanobacrerium

thermoauiotrophicum (Mth), and mutants, variants or derivatives thereof.

[6851]  Scveral DNA polymcerases are known in the art and are commercially available
{e.g., from Bochringer Mannhetm Corp., Indianapolis, Ind.; Life Technologies, Inc.,
Rockville, Md.; New England Biolabs, Inc., Beverley, Mass.; Perkin Elmer Corp., Norwalk,
Conn.; Pharmacia LKB Biotechnology, Inc., Piscataway, N J.; (Qiagen, Inc., Valencia, Calif;
Stratagene, La Jolla, Calif.}. In some cmbodiments, the DNA polymerase can be Taq, Tbor,
TH, Tru, Tth, Th, Tac, Tne, Tma, Tih, T, Py, Pwo, Kod, Bst, Sac, Sso, Poc, Pab, Mih, Pho,
ES4, VENT™ DEEPVENT™ and active mutants, variants and derivatives thereof. Itisto
be understood that a varicty of DNA polymcrases can be used, including DNA polvmerases
not specifically disclosed above, without departing from the scope or preferred embodiments

thereof.

{38521 In some embodiments, the polyroerase fncluded in the waster mix is a hybnd
polymerase comprising a polymerase domain and a DNA binding domain. Such hybrid
polymerases are known to show an increased processivity., See ¢.g., U.S. Patent Application
Publication Nos. 2006/005174; 2004/0219558,; 2004/0214194; 2004/0101K25;
2004/0081963; 2004/0002076; 2003/0162173; 2003/0148330; 2003/0138830 and U.S. Patent
Nos. 6,627,424 and 7,445,898, each of which is hereby incorporated by reference in its
entirety for all purposes and in particular for all teachings related to polymerases,

hybrid/chimeric polymerases, as well as all methods for making and using such polymerases.

(68531  Iun one aspect, the hybrid polymerase lacks 3°-5 exonuclease activity. Inone
cmbodiment, such hybrid polymerascs comprise a double point mutation in the polyrocrase
doroain that provides this exonuclease deficicucy. A variety of mautations can be 1ntroduced

into a native polymerase domain to reduce or eliminate 3°-3" exonuclease activity. For
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example, U.S. Pat. Nos. 6,015,668; 5,939,301 and 5,948,614 describe mutations of a metal-
binding aspartate to an alanine residue in the 3'-5 exoruclease domain of the Troa and Toe
DNA polymerases. These mutations reduce the 3'-5' exonuclease activities of these enzymes
to below detectable levels. Similarly, U.S. Pat. No. 5,882,904 describes an analogous
aspartate-to-alanine mutation in Thermococcus barossi, and U.S. Pat. No. 5,489,523 teaches
the double-routant D141A E143A of the Pyrococcus wosei DNA polymerases. Both of these

L~

mutant polymerases have virtually no detectable 3'-3' exonuclease activity. Methods of
assaying 3'-5' exonuclease activity are well-known in the art. See, e.g., Freemont ef al.,
Proteins 1:66 (1986}, Derbyshire et al,, FMBO J. 16:17 (1991) and Derbyshire ef af.,
Methods in Enzymology 262:363 85 (1995). 1t will be understood that while the above-
described mutations were originally wdentified in one polymerase, one can generally introduce
such mutations into other polymerases to reduce or climinate exonuclease activity. Ina
specific erabodiraent, a polyroerases of the invention comprise the double point mutation
DI41TA/ET43A in the polymerase domain. The phrase "corresponding to a position,” in
reference to polymerase amino acids, refers to an amino acid that aligns with the same amino
acid {e.g., D141 or E143) in a reference polymerase amino acid sequence {e.g., SEQ 1D
NG:2). Sequence comparisons can be performed using any BLAST inchuding BLAST 2.2
algorithm with default parameters, described in Altschul e af., Nuc. Acids Res. 25:3389 3402

(1977 and Altschul er al., /. Mol Biol. 215:403 410 (1990), respectively.

{68541  In some cmbodiments, the DNA binding domaim of hybrid polymerases are from a
thermostable organism and provides eshanced activity at higher temperatures, ¢.g.,
temperatures above 45°C. For exaraple, Sso7d and Sac7d are small (about 7 kD MW}, basic
chromosomal proteins from the hyperthermophilic archaeabacteria Suffolobus solfataricus
and 8. acidocaldarius, respectively (see, ¢.g., Choli ¢t al., Biochimica et Biophysica Acta
950:193-203, 1988, Baumann ¢t al., Structural Biol, 1:808-819, 1994; and Gao ¢t al, Nanure
Struc. Biol. 5:782-786, 1998). These proteins bind DNA in a sequence-independent manner
and when bound, increase the Ty, of DNA by up to 40°C. under some counditions {(McAfee et
al., Biochemistry 34:10063-10077, 1995). These proteins and their homologs are often used
as the sequence-non-specific DNA binding domain in improved polymcerase fusion proteins.
Sso7d, Sac7d, Sac7e and related sequences {referred to herein as "Sso7 sequences” or "Sso7
domains™) are known i the art {see, ¢.g., accession nurmbers (P39476 (Sso7d); P13123
(Sac7d); and P13125 (Sac7e}). These sequences typically have at least 75% or greater, of

80%, B5%, 90%, or 95% or greater, amino acid sequence identity. For example, an Sso7
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protein typically has at least 75% identity to an Sso7d sequence. In further embodiments,
hybrid polymerases of use are described for example in U.S. Patent Application Publication
Nos. 2006/005174; 2004/0219558; 2004/0214194; 2004/0191825; 2004/0081963,;
2004/0002076; 2003/0162173; 2003/0148330; 2003/0138830 and U.S. Patent Nos. 6,627,424
and 7,445 898, cach of which is hereby incorporated by reference in its entirety for all
purposcs and n particular for all teachings related to polyrmerasces, hybrid/chimerie
polymerases, as well as all methods for making and using such polymerases. Examples of
hybrid polymerase proteins and methods of generating hybrid proteins are also disclosed
WO2004011605. Methods for producing polymerases comprising a polymerase domain and
a nucleic acid binding domain are described, for example, in U.S. Patent Application
Publication Nos. 2006/005174; 2004/0219558; 2004/0214194; 2004/0191825;
2004/0081963; 2004/0002076; 2003/0162173; 2003/0148330; 2003/0138830 and U.S. Patent
Nos. 6,627,424 and 7,445,898,

[BO583]  Iu some erubodimuents, the polymerases of the roaster mix are prepared for use in
"hot start” methods to decrease the generation of primer dimers and unspecific amplification
products at ambient teraperatures. A purober of hot-start methods are known. These include
physical separation of the polymerase, use of nucleic acid additives {(i.e. aptamers) to inhibit
extension reactions at low temperatures, and modifications to the active site of the
polymerase. Often, it may be desirabie to use "hot start” polymerases. In a hot-start
polymcrase, a roolecule is typically bound to the enzymce at the active site to inhibit
polymerase activity at Jower temperatures. The molecule is removed at high temperatures
{c.g., at 95°C) to allow the polymerase to function at the desired point of the process. The
molecule can be one or more antibody, peptide, or a small organic wolecule. For example,
hot-start can be achicved using one or more antibody that binds to a polymerase with high
affinity at ambient tevaperatares 1u an inhibitory manner. The coraplex is dissociated 1o a

high temperature preheating step.

[3056] A polymerase may also be chemically modified for hot-start. Heat labile blocking
groups are ntroduced into the polymerase, which render the enzyme inactive at room
temperature. These blocking groups are removed at high temperature prior to cycling such
that the enzyme 1s activated. Heat labile modifications include coupling citracounic avhydride
or aconitric anhydride to lysine residucs of the enzyme are known in the art, sec e.g., U.S.

Pat. No. 5,677,152,
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[6657] U.S. Patent Application Publication No. 2003/0119150 also discloses a concept of
hot start PCR that employs a thermostable exonuclease and a polymerase. This method is
based on preventing primer elongation at low temperatures by introducing chemical
modifications at the 3’ end of at least one primer. A thermostable exonuciease 15 used that 1s
fnactive at ambient temperatures or below. Upon temperature increase, the exonuciease
ccomes active and capable of removing the 3 ruodification of the primer to cnable it to
participate in the amplification reaction. U.S. 20030119150, which s hereby incorporated by
reference in its entirety for all purposes and in particular for all teachings related to hot-start
methods, further teaches that when hybridization probes are used for real-time monitoriong,
¢.g., TagMan hybridization probes, Molecular Beacon oligonucleotides, or two
oligonucleotide hybridization methods, the presence of a thermostable exonuclease 1H

requires a suitable blocking method for the 3' end of the detection probe to avoid 3' digestion.

[B058]  In certain aspects, the master mix can include an additional compound as an
additive to fraprove efficiency in amphification reactions. Exemplary additives are described
in, ¢.g., PCT WO2010/080910. In some embodiments, the additive is an osmolyte included
wn an amphification reaction of the juvention to improve efficiency. Mernbers of the osmolyte
farmly have been shown to improve the thermal stability of proteins {Santoro, Biochemistry,
1992} as well as decrcase DNA double helix stability (Chadalavada, FEBS Letters, 1997). In
some embodiments, osmolytes are small molecules or compounds that are produced by living
organisis in response to environmental stresses such as extreme temperatures, dehydration,
or salinity and which protect their cellular components and help to maintain optimal cytosolic
conditions. Osmolytes of use i the present invention may include without limitation
sarcosing, trimethylamine N-oxide (TMAQO), dimethyisulfoniopropionate, and

trimethylglycine.

i, Methods

[365%9]  Methods of making and using the composite colorant stock solution comprising a
visually-detectable dye and an internal passive reference dye are provided. The stock
solution can be mixed with various components to form a visually-detectable araplification
reaction. The colored stock solution can be added to, for example, a real-time gPCR master
mix, the solution(s) of saraple(s), a mixture of @ master mix and assay primers/probes, or a

mixture of a master mix and a sample solutions. In some embodiments, a concentrated stock
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solution of the composite colorant is added to a gPCR master mix solution comprising a
passive internal dye and, for example, having sufficient components to support amphfication
of a target nucleic acid in the presence of the target nucleic acid and primers. Generally, the
stock solution will be concentrated as a roultiple mteger of the ultimate desired concentration
{e.g., 20X, 100X, 500X, 1000X) such that a relatively small amount of the colorant/internal
reference molecule mixture. In any case, the method of forming the mixture can involve
adding cach component {e.g., polymerase nuclestides, buffer, etc.} separately, or as a master
mix, as described above. In some embodiments, the methods of forming an araplification
reaction will mclude adding a nucleic acid saraple and/or primers. In some embodiments, a
plurality of receptacles will receive the mixture, wherein the visually-detectable dye allows
the user to frack which receptacies have received the master vorx/ visually-detectable dye

mixture.,

[6868] Methods of performing an arnplification reaction using the master mix/colorant
mixture are also provided. Once the master rowx/colorant nuxture comprises a nucleic acid,
an amplification reaction can be performed. Methods of performing real-time amplification
{(1.c., DNA amplification) are known. Quantitative PCR methods involve amplification of an
nucleic acid template, directly or indirectly {¢.g., determining a Ct value} determining the
aroourt of araplified DNA, and then calenlating the amount of initial temiplate based on the
number of cycles of the amplification. Amplification of a DNA locus using reactions is well
known (sce U.S. Pat. Nos., 4,683,195 and 4,683,202, PCR PROTOCOLS: A GUIDETO
METHODS AND APPLICATIONS (Ionis et al., eds, 1990)). Typically, PCR is used to
araphify DNA templates. Methods of quantitative amphification are disclosed in, e.g., U.S.
Pat. Nos. 6,180,349; 6,033,854, and 5,972,602, Awmplifications can be roonitored in "real

time.”

[6661] In some cmbodiments, quantitative amplification s based on the monitoring of the
signal {c.g., fluorescence of a probe) representing copies of the temiplate in cyeles of an
araplification {c.g., PCR) reaction. In the initial cycles of the PCR, a very low signal is
observed because the quantity of the amplicon forruoed does not support a measurable sigoal
output from the assay. After the initial cycles, as the amount of formed amplicon increases
logarithmically , the signal intensity increases to a measurable level and then enters info a
non-logarithmic phase , and then finally reaches a plateau in later cycles . Through a plot of
the signal intensity versus the cycle number, the specific cycle at which a weasurable signal

is obtained from the PCR reaction can be deduced and used to back-calculate the quantity of
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the target before the start of the PCR. The number of the specific cycles that is determined
by this method is typically referred to as the cycle threshold (Ct). Exemplary methods are
described in, ¢.g., Heid et al. Genome Methods 6:986-94 (1996} with reference to hydrolysis

probes.,

(68627 One method for detection of aroplification products 1s the 53" exonuclease
"hydrolysis" PCR assay {also referred to as the TagMan™ assay) (U.S. Pat. Nos. 5,210,015
and 5,487,972, Holland et al., PNAS US4 88: 7276-7280 (1991); Lee er al., Nucleic Acids
Res. 21: 3761-3766 (1993)). This assay detects the accumulation of a specific PCR product
by hybridization and cleavage of a doubly labeled fluorogenic probe (the "TagMan™ probe)
during the amplification reaction. The fluorogenic probe consists of an oligonucleotide
labeled with both a fluorescent reporter dye and a quencher dye. During PCR, this probe is
cleaved by the 5-exonuclease activity of BNA polymerase if, and ouly if, it hybridizes to the
scgment being amplified. Cleavage of the probe gencerates an increase in the fluorescence

mtensity of the reporter dye.

(08631 Another method of detecting amplification products that relies on the use of energy
transfer 15 the "beacon probe” method described by Tyag and Krarer, Nature Biotech.
14:303-309 (1996), which is also the subject of U.S, Pat. Nos. 5,119,801 and 5,312,728, This
method employs oligonucieotide hybridization probes that can form hairpin structures. On
one end of the hybndization probe {(either the 5 or 3" end), there is a donor fluorophore, and
on the other end, an acceptor moiety. In the case of the Tyagi and Kramer method, this
acceptor moiety is a quencher, that is, the acceptor absorbs energy released by the donor, but
then does not itself fluoresce. Thus, when the beacon is in the open conformation, the
fluorescence of the donor fluorophore s detectable, whereas when the beacon 1s 1 hairpin
{closed) conformation, the fluorescence of the donor thuorophore is quenched. When
cemiploved in PCR, the molecular beacon probe, which hybridizes to one of the strands of the
PCR product, is in the open conformation and fluorescence is detected, while those that
remain unhybridized will not fluoresce (Tyagi and Kramer, Nature Biotechnol. 14: 303-306
(1996)). As aresult, the amount of fluorescence will increase as the awount of PCR product
increases, and thus may be used as a measure of the progress of the PCR. Those of skill in

the art will recognize that other methods of guantitative araplification are also available.

[6864] Various other technigues for performing quantitative amplification of a nucleic

acids are also known. For example, some methodelogics employ one or more probe
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oligonucleotides that are structured such that a change in fluorescence is generated when the
oligonucleotide(s) s hybnidized to a target nucleic acid. For example, one such method
involves is a dual fluorophore approach that exploits fluorescence resonance energy transfer
(FRET), c.g., LightCycler™ hybridization probes, where two oligo probes anncal to the
amaplicon. The oligonucleotides are designed to hybridize in a head-to-tail orientation with
the fluorophores scparated at a distance that 1s compatible with efficient energy transfer,
Other examples of labeled oligonucleotides that are structured to emit a signal when bound to
a nucleic acid or incorporated into an extension product include: Scorpions™ probes {e.g.,
Whitcombe er al., Nature Biotechnology 17:804-807, 1999, and UK. Pat. No. 6,326,145},
Sunrise™ {or Amplifluor™) probes {e.g., Nazarenko ef af., Nuc. Acids Res. 25:2516-2521,
1997, and U8, Pat. No. 6,117,635}, and probes that form a secondary structure that results in
reduced signal without a quencher and that emits increased signal when hybridized to a target

{¢.2., Lux probes™),

[6863] Iu other embodiments, intercalating agents that produce a signal when mntercalated
in double stranded DINA may be used. Exemplary agents include SYBR GREEN™, SYBR
GOLD™ and EVAGREEN™, Since these agents are not teroplate-specific, it is assurued
that the signal is generated based on template-specific amplification. This can be confirmed
by roonitoring signal as a function of tomperature because melting point of teraplate

sequences will generally be much higher than, for example, primer-dimers, etc.

(68661 Normalization using the passive reference dye involves the further step of
mouttoring fluorescence of the passive reference dye during each amphfication cycle.
Because the passive reference dye does ot interact with nucleic acids or is otherwise affected
by the araplification reaction, the signal from the mternal reference dye provides a
normalizing factor, e.g., 80 as to normalize the reaction for such factors that vary from
reaction to reaction, ¢.g., volume or reagent quantities. Thus by examining the ratio of the
fluorescent intensities of a probe and the internal reference molecule, the effects of most
sources of systematic variability are eliminated. As described above, different real-time PCR
mstroments way use differcot light sources for fluorescence dye excitation. The “Low ROX”
concentration instruments excite the ROX dye at or near its excitation maxinum of about 580
o, Exerplary low ROX coucentration instruments melude, ¢.g., 7500 and ViiA 7 real-time
PCR instruments from Applied Biosystems. Other instruments excite ROX at a wave length
around 488 num, substantially different from its excitation maximum. lo these instrurents,

significantly more {¢.g., ten times more} ROX dye is required because the excitation of the
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passive reference dye is not at the maximum but instead is at a less optimal {for exciting the
passive reference dye) wavelength, Hxemplary high concentration instrurnents include, e.g.,

7900HT and StepOne Plus Real-time PCR instruments from Applied Biosystems.
Example

Example {

Visibie dye interference and its prevention with a composite colorant

[6667] Real-time PCR reactions were prepared as follows:

[6868] No colorant control: Real-timae PCR reactions were prepared with Bio-Rad
SsoAdvanced Universal SYBR Supermix (2x}. The final reaction mix contains 1x the
Supermix, SO0 uM cach of forward and reverse primers for a 226 bp human GAPDH geoe
araplicon assay, and 5 ng of human genomic DNA per reaction. Concentrations of ROX and
a long Stokes-shift dye provided from the 2x Supermix allow for appropriate ROX
normalization when running the gPCR reaction on both high ROX and low ROX instruments.

There was noe visible dye colorant added to the reaction.

[6869] Reactions with visible dyc colorant: Real-time PCR reactions were prepared with
Bio-Rad SsoAdvanced Universal SYBR Supermix (2x) as the no colorant control above, but
with an addition of the visible dye Xylene Cyanol FF at a final concentration of 1x (0.00325

mg/ml) to demonstrate the visible dye interference to the ROX normalization.

(6876} Reactions with a composite colorant mixture of a visible dye and a long Stokes-shift
dye: Real-tirae PCR reactions were prepared with Bio-Rad SsoAdvanced Untversal SYBR
Supermix (2x} as the no colorant control above, but with an addition of a8 composite colorant
mixture of the visible dye Xylene Cyanol FF at a final concentration of 1x {0.00325 mg/ml)
and the long Stokes-shift dye mFGO20C at a final concentration of 1x (0.1 ng/mi} to
demonstrate the compensating effect of the long Stokes-shift dye to the visible dye to avoid
the visible dye nterference to the ROX normalization. All the above gPCR reactions were
runt in 20 pl/reaction on an AB7900 real-time PCR instrument, with a thermal cycling
protocol of an initial denaturation at 98C for 3 min followed by 40 cycles of denaturation at
98C for 10 sec and annealing/extension at 60C for 30 scc. Data avalysis was done with ROX

normalization applied.
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168711 Figurc 2A-2B show data from amplification of the above samples on a AB 7900
wstruroent. The reactions with the visible dye colorant had a lower ROX signal and an
carlier Cq and higher end relative fluorescence units (RFU) than the reactions of no colorant
control, indicating that the presence of the visually-detectable dye interfered with signal from

ROX.

{68721 Figures 2C, D, and E are multicomponent data from the AB7900 instrument
lustrating the ROX signal difference between differcot reactions, with the arrow indicating
ROX signal (i.c., fluorescence signal at 620 nm). Figure 2C shows the normal ROX signal in
a reaction of no colorant control. Figure 2D shows that inclusion of a visible dye Xylene
Cyanol FF reduces ROX signal to a lower level from the no colorant control in 2C. Figure
2F shows that addition of a composite colorant that comprises a visible dye Xyvlene Cyanol
and a long Stokes shift dye (mF6620C) compensates for the interference by the visible dye
alone, resulting in tncreased ROX signal fo its normal level as in the 2C. Similar results were
observed when the experiment was repeated with a composite colorant comprising a visible

dye Xylene Cyanol and a compensating amount of ROX on a VitA7 instrument.
Example 2
A sample concentrated composite colorant stock solution

{38731 A 200x concentrated composite colorant stock solution is prepared that contains
0.65 mg/ml of Xylene Cyanol FF, 3uM ROX, 20 pg/mi mFG620C, in TE buffer (10 mM
Tris, 0.1 mM EDTA, pHS) containing 0.02% Tween-20. The 200x colorant stock solution

can be stored for long term at -20C, or for short term at 4C.
o 5
Example 3
Use of composite colovant for tracking pipetting of 2x PCR masternixes

[3374] The 200x compaosite colorant stock sohution is used to convert a coloriess gPCR or
RT-qPCR master nix into a colored master mix by adding and mibxng 10 pl of the 200x
colorant into a 1 rol of colorless 2x master mix solution. This process only aftects the 2x
master mix concentration by less than 1% which can be ignored for general gPCR
arnplifications. The colored 2x master mix is then used as usual in gPCR reaction set-up, but
with the advantage of being able to visually monitoring the pipetting and loading of the 2x
master mix into a microwell PCR plate to avoeid pipetting errors in reaction set-up. Since the

compaosite colorant countains the ROX and vaFG620C passive reference dyes at a
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concentration just cnough to compensate for the visible dye Xylene Caynol FF interference
and reduction of the internal passive reference dye in the mastermix when used on a real-time
PCR instrument that requires passive reference signal for reporter signal normalization, this
composite colorant can be used with any qPCR muaster mixes {(¢.g., those from Applied
Biosystems that contain a FRET ROX as the passive reference dye, or those from Bio-Rad
that contain both & simple ROX and a long Stokes shift passive reference dye mFG620C,
intended for using on all different PCR instruments; or those from other venders that contain
either a low concentration of ROX for the 7500 or VA 7 mstruments, or a high

concentration of ROX for 7300 and StepOne series instrumentis).
Example 4
Use of composite colorant for tracking pipetting of samples

68751 The 200x composite colorant stock solution is used with other component solutions
for monttoring their pipetting/loading accuracies in PCR reaction set-up. The composite
colorant stock solution is diluted to an appropriate concentration {¢.g. 4x} into DNA sample
solutions to make thero visually traceable. 2.5 yl of colored DNA saroples is pipetted nto
microplate wells that have been loaded with 7.5 pl gPCR assay mix (coutaining S pl of 2x

gPCR master mix, 1yl of 10x assay primer/probe mix, and 1.5 ul water).
Example 5
Use of composite colorant for tracking pipetting of reaction mix for gPUR assay panel plates

13876} The 200x composite colorant stock solution is used for monitoring pipetting of
reaction mix onto gPCR assays panel plate where different qPCR assays (assay primer pair
mixes or assay primers and probe mixes) have been pre-dispensed and dried onto different
wells in a microwell PCR plate. In this case, the 200x compaosite colorant stock sohution is
diluted inte 1x concentration in a single PCR reaction mix that contains every components
needed for gPUR except the assays primers/probes. This colored primer/probe-free reaction
mix 1s then pipetted into the microwclls of the gPCR assays pancl plate, with good visually-

traceable blue color for monitoring pipetting progress and accuracies.

166771 It 1s understood that the examples and embodiments described herein are for
tustrative purposcs only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be inchuded within the spirtt and purview of

this application and scope of the appended claims. All publications, patents, and patent
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applications cited herein are hereby incorporated by reference in their entirety for all

PUTPOSES.
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WHAT IS CLAIMED I5:

1. A composite colorant formulation comprising:

a visually-detectable dye; and

an internal reference molecule comprising a first fluorophore, which first
fluorophore upon excitation emits energy at a specific wavelength range;

wherein:

the visually-detectable dye partially absorbs energy at the specific wavelength
range; and

the formmulation does not comprise sufficient components for target nucleic

acid aroplification it added to a target nucleic acid and puimers.

2. The composite colorant formulation of ¢laim 1, wherewn the specific

wavelength range is peaked at between 615 and 625 nm.

3. The composite colorant formulation of claim 1 or 2, wherein the first

fluorophore s a 5- and/or 6~carboxy-X-rhodamine dye or its derivatives.

4. The cormposite colorant formulation of claim 3, wherein the

concentration of the 5- and/or 6-carboxy-X-rhodamine dye is more than 100 oM.

5. The composite colorant formulation of claim 1, wherein the internal
reference molecule comprises a second fluorophore and a linker joining the first and second
fluorophores such that excitation of the secound fluorophore results in transfer of energy from
the second fluorophore to the first fluorophore, which first fluorophore in turn crotts energy at

the specific wavelength.

6. The cormposite colorant formulation of claim 3, wherein the second

fluorophore is fluorescein amidite (FAM).

7. The composite colorant formulation of any of claims 1-6, wherein the
visually-detectable dye is sclected from the group cousisting of Xyleve Cyanol FF, Cresol
Red, Tertrazine, Quinoline Yellow, m-Cresol Purple, Brilliant Blue, Patent Blue,
Indigocarmine, Acid Red 1, Neutral Red, Bromocresol Green, Acid Violet 5, Bromo phenol

bhue, and Orange G.

K. The composite colorant formulation of any of claims 1-7, wherein
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the visually-detectable dye is at an integer multiple of a visnally-detectabic
concentration; and

the internal reference molecule is at said integer multiple of a sufficient
coneentration to compensate for absorbance of a passive reference signal in a gPCR reaction
by the visually-detectable dye at the specific wavelength range;

wherein said integer multiple 1s between 2 and 1000,

9. The cormposite colorant formulation of any of claims 1-8, further
comprising a long Stokes-shift passive reference dye different from the internal reference
molecule, wherein the long Stokes-shift dye has a Stokes-shift greater than the Stokes-shift of
the first fluorophore, wherein the long Stokes-shift dye has an emission wavelength
maxinun approximately the same as the first fluorophore emission wavelength maximum,
and an excitation wavelength maximum significantly ditferent than the first fluorophore

excitation wavelength maxinmum.

16, The composite colorant formulation of claim 9, wherein the long

Stokes-shift dye has a Stokes-shift of at least about 60 nm.

1. The composite colorant formulation of claim 9, wherein the long

Stokes-shift dye has a excitation wavelength maximum of 550 nm or less.

12.  The composite colorant formulation of claim 9, wherein said long

Stokes-shitt dye 1s a fluorescent dot.

13, The composite colorant formulation of claim 1, wherein the mternal
reference molecule is a long Stokes-shift dye, wherein the long Stokes-shift dye has an
ernission wavelength maximum approximately the same as a 5- and/or 6-carboxy-X-
rhodamine dye emission wavelength maximum, and an excitation wavelength maximum of

about 550 nm or less,

14, The composite colorant formulation of any of the above claims,

wherein the formulation lacks a polymerase, nucleotides, or divaleut cations.

15, A mcthod of forming a muxture capable of supporting nucleic acid

amplification, the method comprising,
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combining the composite colorant fornmlation of any of claims 1-14 with at
least a DNA polymerase, nucleotides, divaleut cations, a passive reference dye for

araplification normalization and a nucleic acid sample.

16, The method of claim 15, comprising combining the composite colorant
formulation with a real-time PCR master roixture comprising at least a DNA polymerase,
nucleotides, divalent cations, a passive reference dye for amplification normalization, thereby
torming a colored real-tirac PCR master mixture; and

combining a nucleic acid sample with the colored real-time PCR master

mixture.,

17, A method of performing a real-time quantitative polymerase chain
reaction, the method coraprising,

performing a polymerase chain reaction (PCR ) with a mixture comprising the
compaosite colorant formulation of any of claims 1-14 and at least a DNA polymerase,
nucleotides, divalent cations, a passive reference dye for amplification normalization, and a

nucleic acid saraple.
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