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REACTION CONDITION COMPOSITION FOR CIRCULARIZING
OLIGONUCLEOTIDE PROBES
Reference to Related Applications
[0001] This application claims the benefit of U.S. Provisional Application No. 62/616,866,
entitled “REACTION CONDITIONS FOR CIRCULARIZING OLIGONUCLEOTIDE
PROBES?” filed January 12, 2018, which is incorporated by reference in its entirety.
Background

[0002] Circularizing oligonucleotide probes (COPs) or padlock probes are conventionally used
to detect specific deoxyribonucleic acid (DNA) sequences of interest, including single nucleotide
polymorphisms (genomic variations). COPs are selected to hybridize and ligate (i.e. circularize)
via DNA ligase to a specific DNA sequence containing a genomic variation (target sequence),
however using conventional biochemical reaction techniques for ligation not all COPs
circularize. Therefore detection of the specific DNA sequence is not efficient using COPs and a
small sample volume (and amount) of the DNA sequence of interest.

[0003] Other conventional methods utilize rolling circle amplification (RCA) to replicate just the
hybridized and ligated COP (referred to as circularized probe or CP) for amplification of the
fluorescent signal when detecting the genomic variation using fluorescent primers. In this
conventional method of RCA, amplification is accomplished using DNA polymerases that work
under isothermal conditions. Overall, genomic variation detection utilizing COP conventionally
requires two steps: 1. The hybridization and ligation of COPs bound to the target sequence; and
2. amplification of circularized probes via RCA using isothermal DNA polymerases.

[0004] A conventional COP format is illustrated in Figure 1. Conventional COPs are typically

about 80 to 120 base pairs long and are synthesized as a single stranded linear piece of DNA in
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the typical 5’ to 3’ orientation except that they have a 5° -P (phosphate group). The 3’ end is
always the -OH group from the last base of the COP and can now ligate to the 5’-end phosphate
(P) in the presence of DNA ligase. The thick black line indicated as 16 represents the 3’
beginning of the COP and the 5’ end of the COP. The 3 beginning and the 5’end part are usually
a contiguous sequence (once ligated), which is complimentary to the target sequence being
detected by the COP. The sequence indicated with a clear line as 15 is the backbone sequence.
The backbone sequence is specific to a COP and is constant. The sequence indicated as 16 can be
changed for any desired target sequence. The backbone sequence 15 contains primer binding
sites that will allow a primer to anneal and prime DNA synthesis from a COP or a CP allowing
the single stranded CP or COP to be double stranded. COP primers may be fluorescently labeled
allowing detection of circularized probes (CPs) through amplification such as RCA.

[0005] Conventional methods using COPs and RCA with CP fluorescence detection allow SNP
genotyping from many organisms. While this conventional technology both identifies the target
sequence and allows for SNP detection in a single, two step method, its limitations include the
need for large amounts of target DNA, and the need for cleanup procedures between the ligation
and amplification steps to eliminate background noise of non-ligated COPs.

[0006] In order to utilize COP and RCA on small sample volumes (amount), some conventional
methods first amplify the DNA sample such as through polymerase chain reaction (PCR). The
amplified sample is then subject to COP and RCA methods for genomic variation detection.
However, this conventional method of sample amplification prior to COP and RCA methods is
not preferable as it requires two amplification steps (e.g. PCR and RCA), which is time

consuming and expensive.
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[0007] It is therefore desirable for a reaction condition composition and method to detect
genomic variations on a small amount of sample DNA that does not require a first separate step
of amplification of the DNA. It is further desirable to have a method that does not require the
elimination of background noise (non-ligated COPs) prior to amplification of the CPs.
Summary

[0008] In one aspect of the invention a reaction condition composition for hybridization and
ligation of circularizing oligonucleotide probes includes a DNA ligase from 1 to 5 units; a DNA
polymerase from 0.2 to 2.5 units; at least one circularizing oligonucleotide probe having a final
concentration from 0.0125 to 0.3 micromolar, wherein the at least one circularizing
oligonucleotide probe is specific to a first genomic variation; a deoxyribonucleic acid buffer
capable of maintaining a pH from 7 to 9; NAD+ having a final concentration from 0.1 to 1.4
millimolar; at least two primers having a final concentration from 0.1 to 0.5 micromolar, wherein
the at least two primers are specific to a first replication sequence; and deoxynucleotide
triphosphates having a final contraction from 0.1 to 0.2 millimolar.

[0009] In another aspect of the invention a reaction condition composition a method for
hybridization and ligation of circularizing oligonucleotide probes for detection of a genomic
target includes contacting a reaction condition composition with a DNA sample having the
genomic target, where the reaction condition composition comprises at least one circularizing
oligonucleotide probe specific to the genomic wvariation; hybridizing the circularizing
oligonucleotide probe to the genomic variation, wherein the hybridizing includes heating the
sample contacted with the reaction condition composition from 90 to 95 degrees Celsius; ligating
the hybridized circularized circularizing oligonucleotide probe to form a circularized probe,

wherein the ligating includes cyclical heating and cooling of the reaction condition composition
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contacted sample; replicating the circularized probe for detection; detecting the circularized
probe to identify the genomic variation.
[0010] In another aspect of the invention a reaction condition composition kit includes a tube; a
dehydrated reaction condition composition, wherein the dehydrated reaction condition
composition is contained in the tube; a rehydration buffer container, a rehydration buffer,
wherein the rehydration buffer is contained in the rehydration buffer container; instructions
configured for performing a reaction condition composition method; and a container configured
to contain, the tube, the rehydration buffer container, and the instructions.

Figures
[0011] Fig. 1 represents an illustrative example of a conventional circularizing oligonucleotide
probe.
[0012] Fig. 2 represents a reaction condition composition tube.
[0013] Fig. 3 represents an illustration of ligation of COPs to CP and replication of the genomic
variation by priming at the target sequences.
[0014] Fig. 4 represents a reaction condition composition method.
[0015] Fig. 5 represents a reaction condition composition kit.
[0016] Fig. 6 is an example of detection of a genomic variation using a reaction condition
composition and method as compared to compositions without all of the components of the
reaction condition composition.
[0017] Fig. 7 is a comparative example of the reaction condition composition and method versus
standard hybridization and ligation for detection of a genomic variation of small sample sizes.
[0018] Fig. 8 is an example of the efficacy of the reaction condition composition with varying

concentrations of DNA ligase.



WO 2019/140211 PCT/US2019/013222

[0019] Fig. 9 is an example of the efficacy of the reaction condition composition with varying
concentrations of DNA polymerase.
[0020] Fig. 10 is an example of the efficacy of the reaction condition composition with varying
concentrations of COPs.
[0021] Fig. 11 is an example of the efficacy of the reaction condition composition with varying
concentrations of dNTPs.
[0022] Fig. 12 is an example of the efficacy of the reaction condition composition with varying
concentrations of the at least two primers.
[0023] Fig. 13 is an example of the efficacy of the reaction condition composition with varying
concentrations of NAD+.
[0024] Fig. 14 is an example of the efficacy of the reaction condition composition with varying
concentrations of the MgCl, of the DNA polymerase buffer.
[0025] Fig. 15 is an example of the efficacy of the reaction condition composition with varying
concentrations of Tris-HCI as part of the DNA polymerase buffer.
[0026] Fig. 16 is an example of the efficacy of the at least two primers and DNA polymerase of
the reaction condition composition versus a reaction condition composition without the at least
two primers and DNA polymerase.

Detailed Description
[0027] Reaction condition compositions for detecting a genomic variation from a small sample
amount from 5 nano grams (ng) to 1 microgram (ug) includes DNA ligase, DNA polymerase, at
least one COP, a DNA polymerase buffer, NAD+, at least two primers, and deoxynucleotide
triphosphates (AINTPs). Detection of the genomic variation utilizes COPs with increased ligation

efficiency and RCA with fluorescence detection due to simultaneous ligation of COPs to CPs
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and replication of the genomic variation. The reaction condition composition eliminates the need
to perform background reduction of un-hybridized or un-ligated COPs.

[0028] Fig. 2 represents a reaction condition composition tube. The reaction condition
composition tube 200 includes a tube 201 and a reaction condition composition 100. The
reaction condition composition tube 200 may include a lid 202. The tube 201 of the reaction
condition composition tube 200 may be a tube of any size configured for holding liquids that is
compatible with the reaction condition composition 100. The tube 201 may be made of a non-
reactive material, such as glass, plastic, metal, polypropylene or ceramic.

[0029] The lid 202 of the stabilizing composition tube 200 is a lid configured for placement on
the tube 201 to seal the tube 201 to keep liquid in the tube 201 when inverted and to keep
contaminants that are airborne or the like out of the tube 201. The lid 202 may be of a non-
reactive material including plastic, rubber, Teflon, metal, and combinations thereof.

[0030] The reaction condition composition 100 of the reaction condition composition tube
includes a DNA ligase, DNA polymerase, at least one COP, a DNA polymerase buffer, -
Nicotinamide adenine dinucleotide (NAD+), at least two primers, and deoxynucleotide
triphosphates (ANTPs).

[0031] The DNA ligase of the reaction condition composition 100 is thermostable (i.e. active
during thermal cycles alternating between up to 100 degrees Celsius to 55 degrees Celsius over
at least an hour). The DNA ligase is also NAD+ dependent. The preferred DNA ligase is
Ampligase supplied by Lucigen. The reaction condition composition 100 may include from 1 to
5 units of DNA ligase. Preferably the reaction condition composition 100 includes 1.5 to 3.5
units of DNA ligase. Most preferably the reaction condition composition 100 includes 2 to 3

units of DNA ligase. When referring to units of DNA ligase, the standard definition of one unit
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is equal to the amount of DNA ligase required to convert 1 nano mole of **P-labeled inorganic
pyrophosphate into Norit adsorbable material in 20 minutes at 37 degrees Celsius. Other
comparable and industry accepted definitions of DNA ligase activity may also be suitable. DNA
ligase may be used in any concentration of unit per microliter (ul), but preferably is 5
Units/microliter.

[0032] The DNA polymerase of the reaction condition composition is thermostable. The
preferred DNA polymerase is Taq polymerase. The reaction condition composition 100 may
include from 02 to 2.5 units of DNA polymerase. Preferably, the reaction condition
composition 100 may include from 0.25 to 1.5 units of DNA polymerase. Most preferably, the
reaction condition composition 100 may include from 0.3 to 1.0 units of DNA polymerase.
When referring to units of DNA polymerase 1 unit of DNA polymerase is equal to the amount of
DNA polymerase that incorporates 15 nano moles of dNTP into acid insoluble material in 30
minutes at 75 degrees Celsius. DNA polymerase may be used in any concentration of unit per
volume, but preferably is 5 Units/microliter.

[0033] The reaction condition composition 100 includes at least one COP. Preferably the
reaction condition composition 100 includes two COPs. The at least one COP hybridizes to the
target sequence of the DNA sample and ligates at the genomic variation to form a CP during the
reaction condition composition method. The COP further facilitates RCA for detection of the
genomic variation. The COP (when ligated to a CP) of the reaction condition composition is
from 0.0125 micromolar (uM) to .3 uM, final concentration.

[0034] The reaction condition composition 100 includes a DNA polymerase buffer capable of
maintaining a pH of the reaction condition composition to promote replication of the genomic

variation and RCA. The buffer system is basic and capable of maintaining a pH from 7 to 9, and



WO 2019/140211 PCT/US2019/013222

is chosen from the group consisting of Tris-hydrochloride (Tris-HCl), potassium chloride (KCl),
and magnesium chloride (MgCl,). Preferably, the DNA polymerase buffer includes 10 to 50
millimolar (mM) Tris-HCI, 50 to 60 mM KCl, and 1.5 to 4 mM MgCl,, final concentration.
Preferably the Tris-HCI used is Tris-HCI with having a pH of 8.3.

[0035] The reaction condition composition 100 includes NAD+ to promote the DNA ligase to
ligate the COP to the genomic variation forming CP. NAD+ may be from from 0.1 to 1.4 mM,
final concentration.

[0036] The reaction condition composition 100 includes at least two primers to prime the
replications of the genomic variation. The primers are selected to anneal to a replication
sequence on the 5’ and 3’ side of the genomic variation to allow for polymerization and
replication of the target sequence (see Fig. 3). For example, as a genomic variation will have
two complimentary base pairs, the at least two primers will be selected as complimentary to the
strand of DNA containing the genomic variation to replicate. The at least two primers replicate
the target sequence, including the genomic variation, under non-conventional PCR cycling
conditions, and instead under the cycling conditions of the reaction condition composition
method of Fig. 4. The at least two primers may be from 18 to 50 nucleotides in length. The at
least two primers are from 0.1 to 0.5 uM, final concentration. The target sequence amplified by
the at least two primers may be from 50 to 500 base pairs in length.

[0037] The reaction condition composition 100 includes deoxynucleotide triphosphates (dNTP)
to facilitate ligation of the COP to form a CP, replication of the CP via RCA, and replication of
the genomic variation. The dNTP may be from 0.1 to 0.2 mM, final concentration.

[0038] Fig. 3 represents step 406 of the reaction condition composition method to illustrate the

ligation of COPs to CP and replication of the genomic variation by priming at the target
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sequences. The DNA sample is represented by 1 and 2 where each shows a single strand of the
double stranded DNA sample. The genomic variation is represented by 8, and in this example
the genomic variation is a SNP for cytosine. The target sequence containing the genomic
variation is represented by 7. The COP is represented by 5 and 6, where 5 represents the
backbone of the COP and 6 represents the portion of the COP that is complimentary to the target
sequence. Ligation is represented by 8 where the COP forms a CP when guanine at the 3’ end of
the COP bonds to cytosine on the genomic DNA sample and is ligated. Simultaneously, the at
least two primers, represented by 3 and 4 bind to the replication sequence to prime the
replication of the target sequence.

[0039] Fig. 4 illustrates a reaction condition composition method 400 for detecting genomic
variations in a DNA sample with the reaction condition composition. The DNA sample includes
a genomic variation for detection. The reaction condition composition and method increases
efficiency of ligation of COPs (ratio of ligated COPs for formation of CP to un-hybridized and
un-ligated COPs) for increased efficiency of detection the genomic variation. In step 402, the
sample is contacted with the reaction condition composition. The contacting may include
pipetting the sample into a reaction condition composition tube.

[0040] In step 404, the COPs of the reaction condition composition are hybridized to the target
sequence (including the genomic variation) in the DNA sample. The hybridizing includes
incubating the sample contacted with the reaction condition composition to approximately 95
degrees Celsius for approximately 5 minutes to denature the sample (e.g. denature the double
stranded DNA to single stranded DNA). The hybridizing further includes the at least one COPs

binding to the target sequence in the DNA sample.



WO 2019/140211 PCT/US2019/013222

[0041] In step 406, the bound COPs are ligated to form CPs simultaneously or nearly
simultaneously to hybridization. The ligation includes cyclical heating and cooling of the
reaction condition composition contacted DNA sample configured to increase efficiency of
ligation of COPs to CPs for increased efficiency of detection. The cyclical heating and cooling
may be from 3 to 40 cycles, where a cycle is equal to one heating and cooling round. For
example, the cyclical heating and cooling may be 30 cycles of heating and cooling that includes
heating to approximately 95 degrees Celsius for approximately 30 seconds and cooling to 60
degrees Celsius for approximately 45 seconds. The ligation further includes priming the
replication sequence for replication of the target sequence through the at least two primers
annealing to the replication sequence. The ligation further includes replication of the target
sequence.

[0042] In step 408, the CP are replicated for detection. The replication may include replication
by rolling circle amplification (RCA) using conventional methods, or other conventional
replication methods. The increased efficiency of the COP ligation in step 406 eliminates the
need for an additional step of reducing background (e.g. un-hybridized or un-ligated COPs), such
as by exonucleases.

[0043] In step 410, the genomic variation is detected from the replicated CP. Detection may be
through fluorescent labeled primers specific to the CPs, such as through detection of signal
intensity (AU) over time of step 408 (e.g. measuring signal intensity as replication of the CP
occurs). Detection of signal intensity above a threshold level (e.g. above background
fluorescence) demonstrates the fluorescent primers have bound to CPs indicating the presence of

the genomic variation.

10
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[0044] Fig. 5 represents a reaction condition composition kit 500. The reaction condition
composition may be used as part of the reaction condition composition kit 500, which may be
used in the field close to the source of a sample (e.g. cattle, swine, poultry, or humans) or in a
laboratory. The reaction condition composition kit includes a dehydrated reaction condition
composition 101 provided in a tube 501, and instructions 502. Preferably the reaction condition
composition kit includes a container 503, at least one re-hydration buffer container 504, and at
least one rehydration buffer 505.

[0045] The tube 501 contains the dehydrated reaction condition composition 101. The
dehydrated reaction condition composition is the reaction condition composition in dehydrated
form. The tube 501 includes a mass of dehydrated reaction condition composition 101, for
example, to perform up to 8 reactions once rehydrated. The tube 501 is made of a non-reactive
material, such as glass, plastic, metal, polypropylene or ceramic. The tube is configured to hold
liquids when inverted, such as by a cap, rubber stopper, screw cap, or dropper tube. The kit 500
may have one tube 501 to perform one reaction. The kit 500 may have eight tubes 501 with
dehydrated reaction condition composition to perform a single reaction in each tube. The kit 500
may contain one tube 501 with dehydrated reaction condition composition to perform at least
1000 reactions.

[0046] The instructions 502 detail the reaction condition composition method. Preferably, the
instructions detail the method 400 as described in Fig. 4. The instruction may further detail how
the dehydrated reaction condition composition 101 may be rehydrated using the rehydration
buffer 505 to yield a proper volume of reaction condition composition to perform the method

400.

11
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[0047] The at least one bottle 504 is configured to hold liquids, in particular a re-hydration
buffer 505. The at least one bottle 504 is made of a non-reactive material, such as glass, plastic,
metal, polypropylene or ceramic. The at least one bottle 504 may further be configured to hold
liquids when inverted, such as through a cap, lid, or rubber stopper.
[0048] The rehydration buffer 505 of the bottle 504 may be sterile water that is able to rehydrate
the reaction condition composition according to the instructions 502.
[0049] The container 503 is configured to contain the bottle 504, the reaction tube 501 and the
instructions 502. The container 503 may further be configured to hold the at least one bottle 504.
The container 503 may be configured to hold multiple tubes 501 and 504. The container 504 may
be of any non-reactive material, such as cardboard, plastic, or polystyrene. The container 504
may be of any geometric shape configured for the holding the contents of the kit, such as a
cuboid, cylinder, or triangular prism.

Examples
[0050] Fig. 6 represents detection of a genomic variation using a reaction condition composition
and method as compared to compositions without all of the components of the reaction condition
composition. This example detects the presence of a genomic variation of the beta casein gene
in bovine using a fluorescent primer DY 636 (absorption at 645 nanometers and emission at 671
nanometers) and fluorescent detection using an (ABI Quantstudio Model 5) measured over time
during replication of the CP.
[0051] With respect to the reaction condition composition identified as 16 in Fig. 6, the reaction
condition composition included 2.5 units of DNA ligase (Ampligase), 0.4 units of DNA
Polymerase (Taq Polymerase), 0.1 pM of COP having a sequence complimentary to the target

sequence of the beta casein bovine gene, DNA polymerase buffer of 10 mM Tris-HCI (pH 8.3),
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50 mM KCI, 1.5 mM MgCl2, 0. 25 mM NAD+, 0.1 mM of dNTP mix, and 0. 25uM each of two
primers specific (complimentary) to the replication sequence of the sample DNA. The reaction
condition composition was contacted with 1uL of a DNA sample of bovine genomic DNA (5 to
10 nano grams), and the foregoing concentrations represent final concentrations of the reaction
condition composition and DNA sample. While a specific reaction condition composition was
used in this instance, other reaction condition compositions may be used.

[0052] With respect to the No Probe composition identified as 11 in Fig. 6, the composition
included 2.5 units of DNA ligase (Ampligase), 0.4 units of DNA Polymerase (Taq Polymerase),
DNA polymerase bufter of 10 mM Tris-HCl (pH8.3), 50 mM KCI, 1.5 mM MgClI2, 0. 25 mM
NAD+, 0.1 mM of dNTP mix, and 0. 25uM each of two primers specific (complimentary) to the
replication sequence of the sample DNA. The No Probe composition was contacted with the
DNA sample of bovine genomic DNA (5 to 10 nano grams), and the foregoing concentrations
represent final concentrations of the reaction condition composition and DNA sample.

[0053] With respect to the No Ligase composition identified as 12 in Fig. 6, the composition
included 0.4 units of DNA Polymerase (Taq Polymerase), 0.1 uM of COP having a sequence
complimentary to the target sequence of the beta casein bovine gene, DNA polymerase buffer of
10 mM Tris-HCI (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 0. 25 mM NAD+, 0.1 mM of dNTP
mix, and 0. 25uM each of two primers specific (complimentary) to the replication sequence of
the sample DNA. The No Ligase composition was contacted with DNA sample of bovine
genomic DNA (5 to 10 nano grams), and the foregoing concentrations represent final
concentrations of the reaction condition composition and DNA sample.

[0054] With respect to the No Primers composition identified as 13 in Fig. 3, the composition

included 2.5 units of DNA ligase (ampligase), 0.4 units of DNA Polymerase (Taq Polymerase),

13
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0.1 uM of COP having a sequence complimentary to the target sequence of the beta casein
bovine gene, DNA polymerase bufter of 10 mM Tris-HCI (pH8.3), 50 mM KCl, 1.5 mM MgCl2,
0. 25 mM NAD+, and 0.1 mM of ANTP mix. The No Primers composition was contacted with
the DNA sample of bovine genomic DNA (5 to 10 nano grams), and the foregoing
concentrations represent final concentrations of the reaction condition composition and DNA
sample.

[0055] With respect to the No Template composition identified as 14 in Fig. 6, the composition
included 2.5 units of DNA ligase (ampligase), 0.4 units of DNA Polymerase (Taq Polymerase),
0.1 uM of COP having a sequence complimentary to the target sequence of the beta casein
bovine gene, DNA polymerase bufter of 10 mM Tris-HCI (pH8.3), 50 mM KCl, 1.5 mM MgCl2,
0. 25 mM NAD+, 0.1 mM of dANTP mix and 0. 25uM each of two primers specific
(complimentary) to the replication sequence of the sample DNA. The No Template composition
was not contacted with the DNA sample of bovine genomic DNA (5 to 10 nano grams), and the
foregoing concentrations represent final concentrations of the reaction condition composition and
DNA sample.

[0056] With respect to the No Taq Composition identified as 15 in Fig. 6, the composition
included 2.5 units of DNA ligase (ampligase), 0.1 uM of COP having a sequence complimentary
to the target sequence of the beta casein bovine gene, DNA polymerase buffer of 10 mM Tris-
HCI (pH8.3), 50 mM KCl, 1.5 mM MgCI2, 0. 25 mM NAD+, 0.1 mM of dNTP mix, and 0.
25uM each of two primers specific (complimentary) to the replication sequence of the sample
DNA. The No Taq composition was contacted with the DNA sample of bovine genomic DNA
(5 to 10 nano grams), and the foregoing concentrations represent final concentrations of the

reaction condition composition and DNA sample.
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[0057] After contacting the foregoing compositions to the DNA sample, the remainder of the
reaction condition method is carried out. In particular, for each DNA sample contacted with a
respective composition, the contacted DNA samples are incubated at 95 degrees Celsius for 5
minutes. This is followed by 30 cycles of heating and cooling to 95 degrees Celsius for 30
seconds and 60 degrees Celsius for 45 seconds. Finally, replication of the CP was carried out via
conventional RCA. Fluorescence was then measured as shown by lines corresponding to each
composition as identified in the graph, where fluorescence is measure over time corresponding to
the replication of the CP.

[0058] The graph of Fig. 6 and accompanying table demonstrates that the reaction condition
composition yields the highest fluorescent detection indicating that the reaction condition
composition and method efficiently ligate COPs to CP for accurate detection of the genomic
variation without reduction of background COPs on a small sample amount.

[0059] Fig. 7 is a comparative example of the reaction condition composition and method versus
standard hybridization and ligation for detection of a genomic variation from small sample
amounts. In this example genetic variations are detected on the bovine beta casein gene,
represented by Al and A2. The genetic variations of the beta case gene are from a heterozygous
sample, such that the A1 and A2 alleles will be detected. Fig. 7 includes a legend identifying
Al and A2. In this example, the A2 allele provides a stronger signal than the Al allele but both
are detected if the reaction condition composition and method work as described herein.

[0060] Referring to Fig. 7, the reaction condition composition of tubes labeled 1, 2, 3, and 4
included 5 units of DNA ligase (Ampligase), 0.8 units of DNA polymerase (Taq polymerase),
0.1 uM each of two COPs having a sequence complimentary to the target sequence of each allele

of the beta casein SNP, DNA polymerase buffer of 10 mM Tris-HCl pH8.3,, S0 mM KCI, 1.5
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mM MgCl,, 0. 25 mM NAD+, 0.1 mM of dNTP mix, and 0. 25uM each of two primers specific
(complimentary) to the replication sequence of the sample DNA. Tubes 1 — 4 of the reaction
condition composition were contacted with 5 ng, 10 ng, 20 ng, 1 ug of the heterozygous bovine
DNA sample, respectively. All concentrations are final.

[0061] The standard composition of tubes labeled 1, 2, 3, and 4 included 2.5 units of DNA ligase
(Ampligase), 0.1 uM of each of COPs having a sequence complimentary to the target sequence
of each allele of the beta casein SNP, DNA polymerase buffer of 20 mM Tris-HCI, 25 mMKCI,
10 mM MgCl, 0.5 mM NAD+, and 0.01% (weight/volume) of Triton X-100. Tubes 1 — 4 of the
standard composition were contacted with 5 ng, 10 ng, 20 ng, 1 ug of the heterozygous bovine
DNA sample, respectively. All concentrations are final.

[0062] After contacting the reaction condition composition to the DNA samples, the remainder
of the reaction condition method is carried out. In particular, for each DNA sample contacted
with the foregoing compositions, the contacted DNA samples are incubated at 95 degrees Celsius
for 5 minutes; This is followed by 30 cycles of heating and cooling to 95 degrees Celsius for 30
seconds and 60 degrees Celsius for 45 seconds. Finally, replication of the CP was carried out via
conventional RCA. Fluorescence was then measured simultaneous to RCA as shown by lines
corresponding to each composition as identified in Fig. 7.

[0063] After contacting the standard composition to the DNA samples, each DNA sample was
incubated at 95 degrees Celsius for 3 minutes and then cooled to 60 degrees Celsius for 20
minutes, in accord with conventional protocols for ligation of COPs. Replication of the CP was
carried out via conventional RCA. Fluorescence was then measured simultaneous to RCA as

shown by lines corresponding to each composition as identified in Fig. 7.
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[0064] The results show that under the reaction condition composition and method each allele,
Al and A2, is detected with sample amounts as small as 5 nano grams. This is as compared to
the standard composition and method, which does not allow for detection of either allele A1 or
A2 at sample amounts as large as 1 micro gram, as fluorescent activity of each sample did not
vary in a significant manner over the course of CP replication via RCA, indicating the alleles are
not detectable using the standard composition and method on small sample amounts.

[0065] Fig. 8 is an example of the efficacy of the reaction condition composition with varying
concentrations of DNA ligase. In this example a genetic variations are detected on the beta
casein bovine gene, represented by Al and A2. The genetic variations of the beta case gene are
from a heterozygous sample, such that the A1 and A2 alleles will be detected. Fig. 8 includes a
legend identifying A1 and A2. In this example, the A2 allele yields stronger detection than the
Al allele but both are detected if the reaction works.

[0066] Referring to Fig. 8, the reaction condition composition of tubes labeled 1 and 2 included
5 units of DNA ligase (Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.1 uM
each of two COPs having a sequence complimentary to the target sequence of each allele of the
beta casein SNP, DNA polymerase buffer of 10 mM Tris-HCl pHS8.3, 50 mM KCI, 1.5 mM
MgCl,, 0. 25 mM NAD+, 0.1 mM of dNTP mix, and 0. 25uM each of two primers specific
(complimentary) to the replication sequence of the sample DNA. The reaction condition
composition was contacted with 2 ul (10 ng) of sample DNA from the heterozygous bovine. All
concentrations are final.

[0067] The reaction condition composition of tube labeled 3 and 4 included 1 unit of DNA ligase
(Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.1 uM each of two COPs having

a sequence complimentary to the target sequence of each allele of the beta casein SNP, DNA
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polymerase buffer of 10 mM Tris-HCI pH 8.3, 50 mM KCl, 1.5 mM MgCI2, 0. 25 mM NAD+,
0.1 mM of dNTP mix, and 0. 25uM each of two2 primers specific (complimentary) to the
replication sequence of the sample DNA. The reaction condition composition was contacted
with 2 ul (10 ng) of sample DNA from the heterozygous animal. All concentrations are final.
[0068] After contacting the foregoing compositions to the DNA sample, the remainder of the
reaction condition method is carried out. In particular, for each DNA sample contacted with the
foregoing compositions, the contacted DNA samples are incubated at 95 degrees Celsius for 5
minutes. This is followed by 30 cycles of heating and cooling to 95 degrees Celsius for 30
seconds and 60 degrees Celsius for 45 seconds. Finally, replication of the CP was carried out via
conventional RCA. Fluorescence was then measured simultaneous to RCA as shown by lines
corresponding to each composition as identified in the graph, where fluorescence is measure over
time corresponding to the replication of the CP.

[0069] Fig. 8 shows that reaction condition compositions including 5 units of DNA ligase and 1
unit of DNA ligase can detect SNPs on the bovine beta casein gene. This indicates that DNA
ligase from 1 unit to 5 units in the reaction condition composition can detect genomic variations.
[0070] Fig. 9 is an example of the efficacy of the reaction condition composition with varying
concentrations of DNA polymerase. In this example a genetic variations are detected on the beta
casein bovine gene, represented by Al and A2. The genetic variations of the beta case gene are
from a heterozygous sample, such that the Al and A2 alleles will be detected. Fig. 9 includes a
legend identifying A1 and A2. In this example, the A2 allele yields stronger detection than the
Al allele but both are detected if the reaction works.

[0071] Referring to Fig. 9, the reaction condition composition of tubes labeled 5 and 6 included

5 units of DNA ligase (Ampligase), 2.5 units of DNA polymerase (Taq polymerase), 0.1 uM
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each of two COPs having a sequence complimentary to the target sequence of each allele of the
beta casein SNP, DNA polymerase buffer of 10 mM Tris-HCI pH8.3, 50 mM KCl, 1.5 mM
MgCl2, 0. 25 mM NAD+, 0.1 mM of dNTP mix, and 0. 25uM each of two primers specific
(complimentary) to the replication sequence of the sample DNA. The reaction condition
composition was contacted with 2 ul (10 ng) of sample DNA from the heterozygous bovine. All
concentrations are final.

[0072] The reaction condition composition of tube labeled 7 and 8 included 5 unit of DNA ligase
(Ampligase), 0.2 units of DNA polymerase (Taq polymerase), 0.1 uM each of two COPs having
a sequence complimentary to the target sequence of each allele of the beta casein SNP, DNA
polymerase buffer of 10 mM Tris-HCI pH 8.3, 50 mM KCl, 1.5 mM MgCI2, 0. 25 mM NAD+,
0.1 mM of dNTP mix, and 0. 25uM each of two2 primers specific (complimentary) to the
replication sequence of the sample DNA. The reaction condition composition was contacted
with 2 ul (10 ng) of sample DNA from the heterozygous animal. All concentrations are final.
[0073] After contacting the foregoing compositions to the DNA sample, the remainder of the
reaction condition method is carried out. In particular, for each DNA sample contacted with the
foregoing compositions, the contacted DNA samples are incubated at 95 degrees Celsius for 5
minutes. This is followed by 30 cycles of heating and cooling to 95 degrees Celsius for 30
seconds and 60 degrees Celsius for 45 seconds. Finally, replication of the CP was carried out via
conventional RCA. Fluorescence was then measured simultaneous to RCA as shown by lines
corresponding to each composition as identified in the graph, where fluorescence is measure over
time corresponding to the replication of the CP.

[0074] Fig. 9 shows that reaction condition compositions including 2.5 units of DNA polymerase

and 0.2 units of DNA polymerase can detect SNPs on the bovine beta casein gene. This
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indicates that DNA polymerase from 0.2 to 2.5 units in the reaction condition composition can
detect genomic variations.

[0075] Fig. 10 is an example of the efficacy of the reaction condition composition with varying
concentrations of COPs. In this example a genetic variations are detected on the beta casein
bovine gene, represented by Al and A2. The genetic variations of the beta case gene are from a
heterozygous sample, such that the A1 and A2 alleles will be detected.  Fig. 10 includes a
legend identifying A1 and A2. In this example, the A2 allele yields stronger detection than the
Al allele but both are detected if the reaction works.

[0076] Referring to Fig. 10, the reaction condition composition of tubes labeled 1 — 3 included 5
units of DNA ligase (Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.0125 uM
each of two COPs having a sequence complimentary to the target sequence of each allele of the
beta casein SNP, DNA polymerase buffer of 10 mM Tris-HCI pHS8.3,, 50 mM KCI, 1.5 mM
MgCl2, 0. 25 mM NAD+, 0.1 mM of dNTP mix, and 0. 25uM each of two primers specific
(complimentary) to the replication sequence of the sample DNA. The reaction condition
composition was contacted with 2 ul (10 ng) of sample DNA from the heterozygous bovine. All
concentrations are final.

[0077] The reaction condition composition of tube labeled 4 — 6 included 5 units of DNA ligase
(Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.3000 uM each of two COPs
having a sequence complimentary to the target sequence of each allele of the beta casein SNP,
DNA polymerase buffer of 10 mM Tris-HCI pH 8.3, 50 mM KCI, 1.5 mM MgCI2, 0. 25 mM
NAD+, 0.1 mM of dNTP mix, and 0. 25uM each of two2 primers specific (complimentary) to
the replication sequence of the sample DNA. The reaction condition composition was contacted

with 2 ul (10 ng) of sample DNA from the heterozygous animal. All concentrations are final.
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[0078] After contacting the foregoing compositions to the DNA sample, the remainder of the
reaction condition method is carried out. In particular, for each DNA sample contacted with the
foregoing compositions, the contacted DNA samples are incubated at 95 degrees Celsius for 5
minutes. This is followed by 30 cycles of heating and cooling to 95 degrees Celsius for 30
seconds and 60 degrees Celsius for 45 seconds. Finally, replication of the CP was carried out via
conventional RCA. Fluorescence was then measured simultaneous to RCA as shown by lines
corresponding to each composition as identified in the graph, where fluorescence is measure over
time corresponding to the replication of the CP.

[0079] Fig. 10 shows that reaction condition compositions including 0.0125 uM of the COPs and
0.3000 uM of the COPs can detect SNPs on the bovine beta casein gene. This indicates that
COPs from 0.0125 to 0.3000 uM in the reaction condition composition can detect genomic
variations.

[0080] Fig. 11 is an example of the efficacy of the reaction condition composition with varying
concentrations of dNTPs. In this example a genetic variations are detected on the beta casein
bovine gene, represented by Al and A2. The genetic variations of the beta case gene are from a
heterozygous sample, such that the A1 and A2 alleles will be detected.  Fig. 11 includes a
legend identifying A1 and A2. In this example, the A2 allele yields stronger detection than the
Al allele but both are detected if the reaction works.

[0081] Referring to Fig. 11, the reaction condition composition of tubes labeled 1 — 3 included 5
units of DNA ligase (Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.1 uM each
of two COPs having a sequence complimentary to the target sequence of each allele of the beta
casein SNP, DNA polymerase buffer of 10 mM Tris-HCl (pH 8.3), 50 mM KCI, 1.5 mM

MgCl2, 0. 25 mM NAD+, 0.1 mM of dNTP mix, and 0. 25uM each of two primers specific

21



WO 2019/140211 PCT/US2019/013222

(complimentary) to the replication sequence of the sample DNA. The reaction condition
composition was contacted with 2 ul (10 ng) of sample DNA from the heterozygous bovine. All
concentrations are final.

[0082] The reaction condition composition of tube labeled 4 — 6 included 5 units of DNA ligase
(Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.1 uM each of two COPs having
a sequence complimentary to the target sequence of each allele of the beta casein SNP, DNA
polymerase buffer of 10 mM Tris-HCI pH 8.3, 50 mM KCl, 1.5 mM MgCI2, 0. 25 mM NAD+,
0.2 mM of dNTP mix, and 0. 25uM each of two primers specific (complimentary) to the
replication sequence of the sample DNA. The reaction condition composition was contacted
with 2 ul (10 ng) of sample DNA from the heterozygous animal. All concentrations are final.
[0083] After contacting the foregoing compositions to the DNA sample, the remainder of the
reaction condition method is carried out. In particular, for each DNA sample contacted with the
foregoing compositions, the contacted DNA samples are incubated at 95 degrees Celsius for 5
minutes; this is followed by 30 cycles of heating and cooling to 95 degrees Celsius for 30
seconds and 60 degrees Celsius for 45 seconds. Finally, replication of the CP was carried out via
conventional RCA. Fluorescence was then measured simultaneous to RCA as shown by lines
corresponding to each composition as identified in the graph, where fluorescence is measure over
time corresponding to the replication of the CP.

[0084] Fig. 11 shows that reaction condition compositions including 0.1 uM of the dNTPs and
0.2 uM of the dNTPs can detect SNPs on the bovine beta casein gene. This indicates that INTPs
from 0.1 to 0.2 uM in the reaction condition composition can detect genomic variations.

[0085] Fig. 12 is an example of the efficacy of the reaction condition composition with varying

concentrations of the at least two primers. In this example a genetic variations are detected on
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the beta casein bovine gene, represented by A1l and A2. The genetic variations of the beta case
gene are from a heterozygous sample, such that the A1 and A2 allele will be detected. Fig. 12
includes a legend identifying A1 and A2. In this example, the A2 allele yields stronger detection
than the A1 allele but both are detected if the reaction works.

[0086] Referring to Fig. 12, the reaction condition composition of tubes labeled 1 — 3 included 5
units of DNA ligase (Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.1 uM each
of two COPs having a sequence complimentary to the target sequence of each allele of the beta
casein SNP, DNA polymerase buffer of 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5 mM MgCl,,
0. 25 mM NAD+, 0.1 mM of dNTP mix, and 0.1 uM each of two primers specific
(complimentary) to the replication sequence of the sample DNA. The reaction condition
composition was contacted with 2 ul (10 ng) of sample DNA from the heterozygous bovine. All
concentrations are final.

[0087] The reaction condition composition of tube labeled 4 — 6 included 5 units of DNA ligase
(Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.1000 puM each of two COPs
having a sequence complimentary to the target sequence of each allele of the beta casein SNP,
DNA polymerase buffer of 10 mM Tris-HCI pH 8.3, 50 mM KCI, 1.5 mM MgCI2, 0. 25 mM
NAD+, 0.1 mM of dNTP mix, and 0.5 uM each of two primers specific (complimentary) to the
replication sequence of the sample DNA. The reaction condition composition was contacted
with 2 ul (10 ng) of sample DNA from the heterozygous animal. All concentrations are final.
[0088] After contacting the foregoing compositions to the DNA sample, the remainder of the
reaction condition method is carried out. In particular, for each DNA sample contacted with the
foregoing compositions, the contacted DNA samples are incubated at 95 degrees Celsius for 5

minutes, this is followed by 30 cycles of heating and cooling to 95 degrees Celsius for 30
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seconds and 60 degrees Celsius for 45 seconds. Finally, replication of the CP was carried out via
conventional RCA. Fluorescence was then measured simultaneous to RCA as shown by lines
corresponding to each composition as identified in the graph, where fluorescence is measure over
time corresponding to the replication of the CP.

[0089] Fig. 12 shows that reaction condition compositions including 0.1 uM of the at least two
primers and 0.5 uM of the at least two primers can detect SNPs on the bovine beta casein gene.
This indicates that primers from 0.1 to 0.5 uM in the reaction condition composition can detect
genomic variations.

[0090] Fig. 13 is an example of the efficacy of the reaction condition composition with varying
concentrations of NAD+. In this example a genetic variations are detected on the beta casein
bovine gene, represented by Al and A2. The genetic variations of the beta case gene are from a
heterozygous sample, such that the A1 and A2 alleles will be detected.  Fig. 13 includes a
legend identifying A1 and A2. In this example, A2 allele yields stronger detection than the Al
allele but both are detected if the reaction works.

[0091] Referring to Fig. 13, the reaction condition composition of tubes labeled 1 — 3 included 5
units of DNA ligase (Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.1 uM each
of two COPs having a sequence complimentary to the target sequence of each allele of the beta
casein SNP, DNA polymerase buffer of 10 mM Tris-HCl (pH 8.3), 50 mM KCI, 1.5 mM
MgCl2, and 0.1 mM NAD+, 0.1 mM of dNTP mix, and 0.25uM each of two primers specific
(complimentary) to the replication sequence of the sample DNA. The reaction condition
composition was contacted with 2 ul (10 ng) of sample DNA from the heterozygous bovine. All

concentrations are final.
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[0092] The reaction condition composition of tube labeled 4 — 6 included 5 units of DNA ligase
(Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.1 uM each of two COPs having
a sequence complimentary to the target sequence of each allele of the beta casein SNP, DNA
polymerase buffer of 10 mM Tris-HCI pH 8.3, 50 mM KCI, 1.5 mM MgCI2, and 1.5 mM
NAD+, 0.2 mM of dNTP mix, and 0. 25uM each of two primers specific (complimentary) to the
replication sequence of the sample DNA. The reaction condition composition was contacted
with 2 ul (10 ng) of sample DNA from the heterozygous animal. All concentrations are final.
[0093] After contacting the foregoing compositions to the DNA sample, the remainder of the
reaction condition method is carried out. In particular, for each DNA sample contacted with the
foregoing compositions, the contacted DNA samples are incubated at 95 degrees Celsius for 5
minutes, this is followed by 30 cycles of heating and cooling to 95 degrees Celsius for 30
seconds and 60 degrees Celsius for 45 seconds. Finally, replication of the CP was carried out via
conventional RCA. Fluorescence was then measured simultaneous to RCA as shown by lines
corresponding to each composition as identified in the graph, where fluorescence is measure over
time corresponding to the replication of the CP.

[0094] Fig. 13 shows that reaction condition compositions including 0.1 mM of the NAD+ and
1.5 mM of the NAD+ can detect SNPs on the bovine beta casein gene. This indicates that
NAD+ from 0.1 mM to 1.5 mM in the reaction condition composition can detect genomic
variations.

[0095] Fig. 14 is an example of the efficacy of the reaction condition composition with varying
concentrations of the MgCl, of the DNA polymerase buffer. In this example a genetic variations
are detected on the beta casein bovine gene, represented by Al and A2. The genetic variations

of the beta case gene are from a heterozygous sample, such that the A1 and A2 alleles will be
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detected. Fig. 14 includes a legend identifying A1 and A2. In this example, the A2 allele yields
stronger detection than the A1 allele but both are detected if the reaction works.

[0096] Referring to Fig. 14, the reaction condition composition of tubes labeled 1 — 3 included 5
units of DNA ligase (Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.1 uM each
of two COPs having a sequence complimentary to the target sequence of each allele of the beta
casein SNP, DNA polymerase buffer of 10 mM Tris-HCl (pH 8.3), 50 mM KCI, 1.5 mM
MgCl2, 0. 25 mM NAD+, 0.1 mM of dNTP mix, and 0.25uM each of two primers specific
(complimentary) to the replication sequence of the sample DNA. The reaction condition
composition was contacted with 2 ul (10 ng) of sample DNA from the heterozygous bovine. All
concentrations are final.

[0097] The reaction condition composition of tube labeled 4 — 6 included 5 units of DNA ligase
(Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.1 uM each of two COPs having
a sequence complimentary to the target sequence of each allele of the beta casein SNP, DNA
polymerase buffer of 10 mM Tris-HCI pH 8.3, 50 mM KCl, 4.0 mM MgCI2, 0. 25 mM NAD+,
0.2 mM of dNTP mix, and 0. 25uM each of two primers specific (complimentary) to the
replication sequence of the sample DNA. The reaction condition composition was contacted
with 2 ul (10 ng) of sample DNA from the heterozygous animal. All concentrations are final.
[0098] After contacting the foregoing compositions to the DNA sample, the remainder of the
reaction condition method is carried out. In particular, for each DNA sample contacted with the
foregoing compositions, the contacted DNA samples are incubated at 95 degrees Celsius for 5
minutes; this is followed by 30 cycles of heating and cooling to 95 degrees Celsius for 30
seconds and 60 degrees Celsius for 45 seconds. Finally, replication of the CP was carried out via

conventional RCA. Fluorescence was then measured simultaneous to RCA as shown by lines
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corresponding to each composition as identified in the graph, where fluorescence is measure over
time corresponding to the replication of the CP.

[0099] Fig. 14 shows that reaction condition compositions including the DNA polymerase buffer
having a concentration of and 1.5 mM to 4.0 mM MgCl, can detect SNPs on the bovine beta
casein gene. This indicates that MgCl, from 1.5 mM to 4.0 mM in the DNA polymerase buffer
of the reaction condition composition can detect genomic variations.

[0100] Fig. 15 is an example of the efficacy of the reaction condition composition with varying
concentrations of Tris-HCI as part of the DNA polymerase buffer. In this example genetic
variations are detected on the beta casein bovine gene, represented by Al and A2. The genetic
variations of the beta case gene are from a heterozygous sample, such that the A1 and A2 alleles
will be detected.  Fig. 15 includes a legend identifying A1 and A2. In this example, the A2
allele yields stronger detection than the A1 allele but both are detected if the reaction works.
[0101] Referring to Fig. 15, the reaction condition composition of tubes labeled 1 — 3 included 5
units of DNA ligase (Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.1 uM each
of two COPs having a sequence complimentary to the target sequence of each allele of the beta
casein SNP, DNA polymerase buffer of 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5 mM MgCl,,
0. 25 mM NAD+, 0.1 mM of dNTP mix, and 025uM each of two primers specific
(complimentary) to the replication sequence of the sample DNA. The reaction condition
composition was contacted with 2 ul (10 ng) of sample DNA from the heterozygous bovine. All
concentrations are final.

[0102] The reaction condition composition of tube labeled 4 — 6 included 5 units of DNA ligase
(Ampligase), 0.8 units of DNA polymerase (Taq polymerase), 0.1 uM each of two COPs having

a sequence complimentary to the target sequence of each allele of the beta casein SNP, DNA

27



WO 2019/140211 PCT/US2019/013222

polymerase buffer of 15 mM Tris-HCI pH 8.3, 50 mM KCl, 1.5 mM MgCI2, 0. 25 mM NAD+,
0.2 mM of dNTP mix, and 0. 25uM each of two primers specific (complimentary) to the
replication sequence of the sample DNA. The reaction condition composition was contacted
with 2 ul (10 ng) of sample DNA from the heterozygous animal. All concentrations are final.
[0103] After contacting the foregoing compositions to the DNA sample, the remainder of the
reaction condition method is carried out. In particular, for each DNA sample contacted with the
foregoing compositions, the contacted DNA samples are incubated at 95 degrees Celsius for 5
minutes. This is followed by 30 cycles of heating and cooling to 95 degrees Celsius for 30
seconds and 60 degrees Celsius for 45 seconds. Finally, replication of the CP was carried out via
conventional RCA. Fluorescence was then measured simultaneous to RCA as shown by lines
corresponding to each composition as identified in the graph, where fluorescence is measure over
time corresponding to the replication of the CP.

[0104] Fig. 15 shows that reaction condition compositions including the DNA polymerase buffer
having a concentration from 10 mM to 15 mM Tris-HCI can detect SNPs on the bovine beta
casein gene. This indicates that Tris-HCI from 10 mM to 15 mM in the DNA polymerase buffer
of the reaction condition composition can detect genomic variations.

[0105] Fig. 16 is an example of the efficacy of the at least two primers and DNA polymerase of
the reaction condition composition versus a reaction condition composition without the at least
two primer and DNA polymerase. In this example genetic variations are detected on the beta
casein bovine gene, represented by Al and A2. The genetic variations of the beta case gene are
from a heterozygous sample, such that the A1 and A2 alleles will be detected. Fig. 16 includes
a legend identifying A1 and A2. In this example, the A2 allele yields stronger detection than the

Al allele but both are detected if the reaction works.
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[0106] Referring to Fig. 16, the reaction condition composition (labeled RCC in Fig. 16)of tubes
labeled 1 — 4 included 5 units of DNA ligase (Ampligase), 0.8 units of DNA polymerase (Taq
polymerase), 0.1 uM each of two COPs having a sequence complimentary to the target sequence
of each allele of the beta casein SNP, DNA polymerase buffer of 10 mM Tris-HCI (pH 8.3), 50
mM KCI, 1.5 mM MgCI2, 0. 25 mM NAD+, 0.1 mM of dNTP mix, and 0.25uM each of two
primers specific (complimentary) to the replication sequence of the sample DNA. Tubes 1 — 4
having reaction condition composition were contacted with 5 ng, 10 ng, 20 ng, and 1 ug of
sample DNA from the heterozygous bovine, respectively. All concentrations are final.

[0107] The reaction condition composition of tube labeled 5 — 8 included 5 units of DNA ligase
(Ampligase), 0.1 uM each of two COPs having a sequence complimentary to the target sequence
of each allele of the beta casein SNP, DNA polymerase buffer of 15 mM Tris-HCI pH 8.3, 10
mM KCl, 1.5 mM MgCl2, 0. 25 mM NAD+, and 0.2 mM of dNTP mix. Tube 5 — 8 having the
reaction condition composition without the DNA polymerase and at least two primers were with
5 ng, 10 ng, 20 ng, and 1 ug of sample DNA from the heterozygous bovine, respectively. All
concentrations are final.

[0108] After contacting the foregoing compositions to the DNA sample, the remainder of the
reaction condition method is carried out. In particular, for each DNA sample contacted with the
foregoing compositions, the contacted DNA samples are incubated at 95 degrees Celsius for 5
minutes. This is followed by 30 cycles of heating and cooling to 95 degrees Celsius for 30
seconds and 60 degrees Celsius for 45 seconds. Finally, replication of the CP was carried out via
conventional RCA. Fluorescence was then measured simultaneous to RCA as shown by lines
corresponding to each composition as identified in the graph, where fluorescence is measure over

time corresponding to the replication of the CP.
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[0109] Fig. 16 shows that the reaction condition composition without the DNA polymerase and
at least two primers does not produce detectable results for the SNPs on the bovine beta casein

gene. This indicates that the DNA polymerase and at least two primers are necessary for the

reaction condition composition and method.
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Claims

A reaction condition composition for hybridization and ligation of circularizing
oligonucleotide probes comprising:
a DNA ligase from 1 to 5 units;
a DNA polymerase from 0.2 to 2.5 units;
at least one circularizing oligonucleotide probe having a final concentration from 0.0125
to 0.3 micromolar, wherein

the at least one circularizing oligonucleotide probe is specific to a first genomic
variation;
a deoxyribonucleic acid buffer capable of maintaining a pH from 7 to 9;
NAD+ having a final concentration from 0.1 to 1.4 millimolar;
at least two primers having a final concentration from 0.1 to 0.5 micromolar, wherein

the at least two primers are specific to a first replication sequence; and
deoxynucleotide triphosphates having a final contraction from 0.1 to 0.2 millimolar.
The reaction condition composition of claim 1, wherein
the DNA ligase is 5 units;
the DNA polymerase is 0.8 units;
the at least one circularizing oligonucleotide probe has a final concentration of 0.1
micromolar;
the NAD+ has a final concentration of 0.25 millimolar;
the at least two primers have a final concentration of 0.25 micromolar;

the deoxynucleotide triphosphates have a final concentration from 0.1 millimolar.
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3. The reaction condition composition of claim 1, wherein
the DNA polymerase buffer comprises
tris-hydrochloride having a final concentration from 10 millimolar to 15
millimolar;
potassium chloride having a concentration from 50 millimolar to 60 millimolar;
and
magnesium chloride having a concentration from 1.5 millimolar to 4 millimolar.
4. The composition of claim 1, wherein
the DNA ligase is thermostable.
5. The composition of claim 1, wherein
the DNA ligase is NAD+ dependent.
6. The composition of claim 1, wherein
the DNA polymerase is thermostable.
7. The composition of claim 1, wherein
the DNA polymerase is taq polymerase.
8. The composition of claim 1, further comprising
a first circularizing oligonucleotide probe, wherein
the first circularizing oligonucleotide probe is specific to the genomic variation;
a second circularizing oligonucleotide probe, wherein
the second circularizing oligonucleotide probe is specific to a second genomic
variation;

a first primer and a second primer,
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wherein the first primer and the second primer are specific to the first replication
sequence; and
a third primer and a fourth primer,
wherein the third primer and fourth primer are specific to a second replication
sequence.
9. A method for hybridization and ligation of circularizing oligonucleotide probes for
detection of a genomic target comprising:
contacting a reaction condition composition with a DNA sample having the genomic
target, where the reaction condition composition comprises
at least one circularizing oligonucleotide probe specific to the genomic variation;
hybridizing the circularizing oligonucleotide probe to the genomic variation, wherein
the hybridizing includes heating the sample contacted with the reaction condition
composition from 90 to 95 degrees Celsius;
ligating the hybridized circularized circularizing oligonucleotide probe to form a
circularized probe, wherein
the ligating includes cyclical heating and cooling of the reaction condition
composition contacted sample;
replicating the circularized probe for detection,
detecting the circularized probe to identify the genomic variation.
10. The method of claim 9, wherein

the cyclical heating and cooling comprises
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11

12.

13

14.

from 10 to 60 cycles of heating and cooling from 90 to 95 degrees Celsius for
approximately 30 seconds and from 40 to 60 degrees Celsius for approximately

45 seconds.

. The method of claim 9, wherein

the cyclical heating and cooling comprises
30 cycles of heating and cooling to 95 degrees Celsius for approximately 30
seconds and to 60 degrees Celsius for approximately 45 seconds.

The method of claim 9, wherein

replicating the circularized probe for detection comprises rolling circle amplification.

. The method of claim 12, wherein

The detection of the circularized probe to identify the genomic variation comprises
adding fluorescent labeled primers to hybridize to the replicated circularized probe for
fluorescence detection.
The method of claim 9, wherein
the reaction condition composition comprises

a DNA ligase from 1 to 5 units;

a DNA polymerase from 0.2 to 2.5 units;

at least one circularizing oligonucleotide probe having a final concentration from
0.1 to 0.3 micromolar, wherein

the at least one circularizing oligonucleotide probe is specific to a first
genomic variation;
a deoxyribonucleic acid buffer capable of maintaining a pH from 7 to 9;

NAD+ having a final concentration from 0.1 to 1.4 millimolar;

34



WO 2019/140211 PCT/US2019/013222

15.

16.

17.

at least two primers having a final concentration from 0.1 to 0.5 micromolar,
wherein the at least two primers are specific to a first replication sequence;
and
deoxynucleotide triphosphates having a final contraction of from 0.1 to 0.2
millimolar.
A reaction condition composition kit, comprising:
a tube;
a dehydrated reaction condition composition, wherein the dehydrated reaction condition
composition is contained in the tube;
a rehydration buffer container;
a rehydration buffer, wherein the rehydration buffer is contained in the rehydration buffer
container;
instructions configured for performing a reaction condition composition method; and
a container configured to contain, the tube, the rehydration buffer container, and the
instructions.
The kit of claim 15, wherein
the rehydration buffer is sterile water.
The kit of claim 16, wherein
the dehydrated reaction condition composition is of a mass for performing at least 8

reactions using the reaction condition composition.
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