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DETECTION AND QUANTIFICATION OF 
DONORCELL-FREE DNA IN THE 

CIRCULATION OF ORGAN TRANSPLANT 
RECIPIENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority benefit to U.S. pro 
visional application No. 61/828,553, filed May 29, 2013, 
which application is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002. Using modern molecular biological techniques the 
detection of trace amounts of divergent genetic material in a 
single sample is feasible. This has potential applications for a 
number of conditions such as prenatal diagnosis, tumor diag 
nosis, and detection of transplant rejection. An increase of 
heart donor DNA in the circulation of stable heart transplant 
recipients during rejection episodes has been reported (Sny 
der et al., Proc Natl Acad Sci USA 108:6229-6234, 2011). 
However, to be clinically useful the method used for the 
detection of graft DNA must not only be specific and sensi 
tive, it must also have a rapid turn-around-time and be eco 
nomically feasible to perform. The methods described to date 
are extremely time consuming and expensive to perform (Lo, 
Clin Chem 57:941-942, 2011). 
0003. Simplified methods to differentiate between DNA 
from donors and recipients can involve the use of single 
nucleotide-polymorphisms (SNPs). One possibility is to 
interrogate both donor and recipient for certain SNPs and use 
those, where both SNPs are homozygous, but different in 
donor and recipient. However, this would require DNA from 
the donor to be available, which isn't always the case in the 
clinical setting, in particular if the transplantation was some 
years before. There is thus a need for sensitive, easily imple 
mented techniques for early detection of transplant rejection. 

BRIEF SUMMARY OF THE INVENTION 

0004 Certain aspects of the invention are summarized 
below. The invention is not limited to the particular embodi 
ments described in this Summary. 
0005. In one aspect, the invention provides a method of 
detecting transplant rejection in a patient based on the use of 
SNPs that have been investigated for their minor allelic fre 
quency (MAF) where such frequencies are 0.2 or higher. In 
some embodiments, the MAF is 0.40 or higher. For example, 
assuming Hardy-Weinberg equilibrium, a SNP with a MAF 
of -0.40 would show homozygosis in both donor and recipi 
ent 23%-25% of the time for each allele. The probability of 
both having a different allele (homozygous) is therefore ~11. 
3% to ~12.5%. In order to identify at least three such SNPs in 
Caucasians 30 to 35 different SNPs with the mentioned char 
acteristics can be interrogated. In contrast, if unselected SNPs 
were employed, it can be estimated that over 3,000 assays are 
needed to achieve the same discriminating power, based on 
the overall median MAF of 0.023 reported for known human 
SNPs in Caucasians (e.g. for the Illumina HumanOmni5M 
bead chip). 
0006. Using such SNP comparisons, the amount of graft 
DNA released by an organ into the circulation can be assessed 
and used as a biomarker for organ integrity. In addition, once 
SNPs that differ between donor and recipient are identified 
only SNPs with the best sensitivity (e.g., homozygous in both 
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but different in donor and recipient) need to be measured 
subsequently. The only limitation of such a method is the 
amount of DNA that is interrogated, which is mainly driven 
by the volume of blood that is analyzed. For example, it can be 
estimated that the number of genome equivalents in one mil 
liliter of blood is about one thousand. If all molecules take 
part in a PCR reaction and the graft DNA accounts for 5% of 
cf)NA then there would be 50 such molecules in 1 mL of 
blood. The entire analysis of several different SNPs, there 
fore, when working with Small samples, entails as a first step 
the random unbiased amplification of extracted cfDNA com 
ing from a blood sample, e.g., typically a sample of at least 2 
mL of blood. Such an amplification step can be done by 
several techniques, for the usually short apoptotic cf. DNA 
(e.g., Beck et al., Clin Chem 55:730-738, 2009) a direct 
adaptor ligation is often most Suitable (Lo et al., Sci Transl 
Med 2: 61 ra91, 2010). Once the amplification adaptors are 
ligated, a moderate number of amplification cycles are per 
formed (generally not more than 12 to 15) and the resulting 
library is cleaned from primers and adaptors and used as 
template for the SNP interrogations. If the initial sample size 
is not limited to a small sample, the amplification step, which 
is also referred to herein as a pre-amplification step, may be 
omitted. 

0007 Thus, in one aspect, the invention provides a method 
of detecting a SNP from a donor to monitor transplant status 
of a recipient receiving tissue from said donor, the method 
comprising: (a) identifying a SNP having a minor allele fre 
quency of 0.20 or greater, often 0.30 or greater, or preferably 
0.40 or greater, as homozygous in the recipient; (b) amplify 
ing cell-free (cfloNA) from a serum or plasma sample 
obtained from the recipient at least 5 days after transplanta 
tion of material from the donor to generate a cf library; (c) 
performing a digital PCR reaction for the SNPs identified in 
(a) to detect the presence of an alternative allele for one or 
more of the SNPs, and (d) selecting a SNP where the alter 
native SNP allele is present in the cf library to monitor trans 
plant status of the patient. Preferably, the SNP selected in (d) 
is homozygous in the donor, but may be heterozygous in the 
donor. Step (a) can be performed using any sample from the 
patient that would not contain donor material, for example, 
peripheral blood leukocytes (PBLs) obtained from the patient 
may be used to identify a suitable SNP. In alternative embodi 
ments, step (a) is performed using the cf)NA library of step 
(b). Thus, in some embodiments, e.g., using a PBL sample 
from the patient to obtain DNA, step (a) may be performed 
before or after step (b) whereas in other embodiments, the 
amplified cfDNA library is generated first. In some embodi 
ments, a suitable SNP to be evaluated for monitoring trans 
plant status is a SNP set forth in Table 1. In some embodi 
ments, at least 5, 10, 15, 20, 25, 30, 35, 40, or all of the SNPs 
set forth in Table 1 are evaluated to determine those SNPs that 
are homozygous in the recipient. 
0008. In another aspect, the invention provides a method 
of detecting a SNP from a donor to monitor transplant status 
of a recipient receiving tissue from said donor, the method 
comprising: (a) identifying that a SNP having a minor allele 
frequency of 0.20 or greater, often 0.30 or greater, or prefer 
ably 0.40 or greater, as homozygous in the recipient; (b) 
amplifying cell-free (cf. DNA) from a blood sample, e.g., 
serum or plasma, obtained from the recipient 24 hours or less 
after transplantation of graft material from the donor to gen 
erate a cf library; (c) identifying a SNP having a minor allele 
frequency of 0.20 or greater, often 0.30 or greater, or prefer 
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ably 0.40 or greater, as homozygous in the donor using the cf 
library of step (b); (d) performing a digital PCR reaction for 
the SNPs identified in (a) to detect the presence of the alter 
native allele for one or more of the SNPs in the donor, and (e) 
selecting a SNP where the alternative SNP allele is present in 
the donor. Step (a) can be performed using any sample from 
the patient that would not contain donor material, for 
example, peripheral blood leukocytes (PBLs) obtained from 
the patient may be used to identify a suitable SNP. In some 
embodiments, a suitable SNP is a SNP set forth in Table 1. In 
some embodiments, at least 5, 10, 15, 20, 25, 30, 35, 40, or all 
of the SNPs set forth in Table 1 are evaluated to determine 
those SNPs that are homozygous in the recipient. 
0009. In a further aspect, the invention provides a method 
of detecting a SNP from a donor to monitor transplant status 
of a recipient receiving tissue from said donor DNA, the 
method comprising: (a) identifying a SNP having a minor 
allele frequency of 0.20 or greater, often 0.30 or greater, or 
preferably 0.40 or greater, as homozygous in a recipient using 
a DNA sample from the recipient from a source that is free of 
donor DNA, e.g., DNA obtained from a PBL sample from the 
patient; (b) identifying a SNP having a minor allele frequency 
of 0.20 or greater, often 0.30 or greater, or preferably 0.40 or 
greater, as homozygous in a recipient using a DNA sample 
obtained from donor cells or tissue; and (c) selecting a SNP 
that is homozygous in the recipient for which the donor is 
homozygous or heterozygous for the alternative allele. In 
some embodiments, SNP genotype is determined in recipient 
and/or donor DNA for at least 10, 20, 30, or 40 of the SNPs 
identified in Table 1. In some embodiments, the SNP evalu 
ation may employ one or more probes having a sequence as 
shown in Table 1. SNPs for which the transplant material has 
a different allele for the SNP compared to the recipient can 
then be used for future determination of graft cfloNA percent 
age, e.g., in a digital PCR reaction. 
0010. In a further aspect, the invention provides a method 
of monitoring transplant rejection in a transplant recipient, 
the method comprising: obtaining a cf)NA sample from the 
patient; and detecting the presence or absence, or quantifying, 
a donor SNP allele for a SNP selected using a method as 
described herein. In typical embodiments, cfDNA samples 
are obtained from the patient at desired time points following 
transplantation and the level of the donor SNP allele is quan 
tified. 
0011. In a further aspect, the invention provides a method 
of monitoring the status of a transplant in a transplant recipi 
ent to evaluate immunosuppressive therapy where the method 
comprises quantifying the amount of the donor allele SNP at 
desired time points and adjusting the immunosuppressive 
therapy, e.g., adjusting the amount of immunosuppressive 
drug. Thus, the lowest dose of an immunosuppressive drug 
can be identified for that individual patient. 
0012. In a further aspect, the invention provides a method 
of monitoring the status of a transplant in a transplant recipi 
ent, e.g., a liver transplant recipient, to determine changes in 
the transplant status related to reactivation of a virus, such as 
a hepatitis virus, where the method comprises quantifying the 
amount of donor SNP allele as described herein present in the 
blood of a transplant recipient. 
0013. In a further aspect, the invention provides a method 
of monitoring the status of a transplant in a transplant recipi 
ent to evaluate reperfusion injury to the transplant. In Such 
embodiments, the amounts of graft cf)NA (Gcf)NA) are 
determined over a time course, for example, a time course of 
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days or weeks up to a month following transplant. In typical 
embodiments, GcflNA is monitored over the first 7 days 
after engraftment. 
0014. In another aspect, the invention provides a method 
of determining the status of a transplanted organ where the 
organ is a marginal organ, wherein the method comprises 
determining the level of graft cfDNA present in the blood of 
a patient. In some embodiments, the method comprises deter 
mining the level of graft cflNA over a course of seven days, 
or up to 30 days following transplant. 
0015. In additional aspects, the invention provides a 
method of evaluating the transplant status of a transplant 
recipient, the method comprising monitoring the level of graft 
cf. DNA by assessing the amount of a donor SNP allele in a 
cf. DNA sample obtained from the blood of a patient, typically 
where the SNP has a MAF of at least 0.20 or at least 0.30, and 
often at least 0.40, wherein the donor SNP allele is present in 
the donor and the recipient is homozygous for an alternative 
allele. The donor may be heterozygous or homozygous for the 
SNP allele. In some embodiments, quantifying the level of the 
donor SNP allele in the cf. DNA sample comprises determin 
ing copy number of the donor SNP allele in the cf. DNA 
sample. In some embodiments quantifying the level of the 
donor SNP allele in the cf. DNA sample comprises determin 
ing the percentage of the donor SNP allele in the cf. DNA 
sample. In some embodiments, the transplanted material is a 
marginal organ. In some embodiments, the cflNA sample is 
from a blood sample, e.g., serum or plasma, that is obtained 
ten days or longer following transplant. In some embodi 
ments, the cflNA sample is obtained from a blood sample 
e.g., serum or plasma, obtained a year or longer following 
transplant. In some embodiments, the cflNA sample is from 
a blood sample, e.g., serum or plasma, that is obtained within 
seven days of transplant. In some embodiments, monitoring 
the level of graft cfDNA in accordance with the invention 
further comprises adjusting an administration schedule or 
dosage or of one or more immunosuppressive drugs. In some 
embodiments, the donor material is a liver, heart, or kidney. In 
some embodiments, monitoring the level of graft cfDNA can 
be performed to monitor transplant damage that may arise 
from donor-specific antibodies in the blood of the recipient. 
Thus, in some embodiments, a method of the invention may 
further comprise detecting donor-specific antibodies in the 
blood of the recipient. 
0016. In a further aspect, the invention further provides 
use of a method of monitoring graft cfloNA using a SNP assay 
as described herein to detect transplant damage from various 
causes, including, but not limited to, reperfusion damage to 
the organ in a transplant recipient, liver damage from a reac 
tivated hepatitis virus in a liver transplant recipient, transplant 
damage from donor-specific antibodies, or damage from a 
chronic transplant injury, e.g., chronic nephropathy in a kid 
ney transplant or vasculopathy in a heart transplant. In some 
embodiments, the method of monitoring graft cf NA using a 
SNP assay as described herein is used for determining a 
minimal effective immunosuppressive regimen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 provides a graph showing coefficients of 
variation (%) for 15 assays with 2% minor allele concentra 
tion. For each assay the CV for 2% allele A and 2% allele B 
are shown (black bars). The intra-assay precision was 
obtained in 9 repetitions within in the same QX 100 run using 
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100 ng total input DNA. Grey bars show the theoretical CVs 
as calculated from the number of droplets positive for the 
minor allele. 
0018 FIG. 2 provides a schematic of the workflow 
deployed to obtain measures of graft cf)NA content. 
0019 FIG.3 provides illustrative data for the graft cfDNA 
content measured in the circulation of 10 stable LTX, 9 stable 
KTx and of 8 stable HTx patients. 
0020 FIG. 4 provides illustrative data of a timecourse 
measurement of cf)NA content in the circulation of 3 
patients with liver transplantations. The earliest sample ana 
lyzed was obtained from patient LTX6 at day 1 after surgery. 
Nearly 100% of the cf. DNA in the patient’s plasma is graft 
derived DNA. 
0021 FIG. 5 provides illustrative data from a timecourse 
measurement of one LTX patient with an acute rejection epi 
sode at day 43 after surgery. Graft cf. DNA content shows a 
marked increase on day 32 well before conventional biomar 
kers AST and bilirubin indicate the rejection. 
0022 FIG. 6 provides illustrative data comparing graft 

cf. DNA measured as copies/ml to those values expressed as 
percentage. 
0023 FIGS. 7 and 8 provide illustrative data showing that 
sub-therapeutic Tacrolimus blood levels are associated with 
both graft cf)NA (%) (FIG. 7) as well as graft cfDNA copy 
number (FIG. 8). 
0024 FIG. 9 provides illustrative data showing graft 

cf. DNA copy number at various times after liver transplant. 
0025 FIG. 10 shows the results obtained from graft 
cf)NA analysis of the transplant status of a transplant recipi 
ent who received a marginal donor organ in comparison to the 
range seen in fourteen other patients. 
0026 FIG. 11 provides illustrative data showing the time 
course of necrotic graft cf)NA during the first days after LTX. 

DETAILLED DESCRIPTION OF THE INVENTION 

0027. The term “cell-free DNA or “cf)NA as used 
herein means free DNA molecules of 25 nucleotides or longer 
that are not contained within any intact cells. In the context of 
the current invention, “cfloNA’ is typically evaluated in 
human blood, e.g., can be obtained from human serum or 
plasma. 
0028. A “single nucleotide polymorphism (SNP) biomar 
ker” in the context of this invention refers to a SNP where a 
recipient of a transplant is homozygous for one SNP allele 
and the donor has at least one alternative allele for that SNP. 
Such a SNP is a biomarker for donor material. 
0029. A “SNP profile” as used herein refers to the allele 
pattern, i.e., which alleles are present, in a sample. 
0030. A 'graft' as used herein refers to tissue material, 
from a donor that is transplanted into a recipient. For 
example, a graft may be from liver, heart, kidney, or any other 
Organ. 
0031. The term “primer' refers to an oligonucleotide that 
acts as a point of initiation of DNA synthesis under conditions 
in which synthesis of a primer extension product complemen 
tary to a nucleic acid strand is induced, i.e., in the presence of 
four different nucleoside triphosphates and an agent for poly 
merization (i.e., DNA polymerase or reverse transcriptase) in 
an appropriate buffer and at a Suitable temperature. A primer 
is preferably a single-stranded oligodeoxyribonucleotide. 
The primer includes a “hybridizing region' exactly or sub 
stantially complementary to the target sequence, preferably 
about 15 to about 35 nucleotides in length. A primer oligo 
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nucleotide can either consist entirely of the hybridizing 
region or can contain additional features which allow for the 
detection, immobilization, or manipulation of the amplified 
product, but which do not alter the ability of the primer to 
serve as a starting reagent for DNA synthesis. For example, a 
nucleic acid sequence tail can be included at the 5' end of the 
primer that hybridizes to a capture oligonucleotide. 
0032. The term “probe' refers to an oligonucleotide that 
selectively hybridizes to a target nucleic acid under suitable 
conditions. A probe for detection of the biomarker sequences 
described herein can be any length, e.g., from 15-500 bp in 
length. Typically, in probe-based assays, hybridization 
probes that are less than 50 bp are preferred. 
0033. The term “target sequence' or “target region” refers 
to a region of a nucleic acid that is to be analyzed and com 
prises the sequence of interest, e.g., a region containing a SNP 
biomarker. 

0034. As used herein, the terms “nucleic acid.” “poly 
nucleotide' and "oligonucleotide' refer to primers, probes, 
and oligomer fragments. The terms are not limited by length 
and are generic to linear polymers of polydeoxyribonucle 
otides (containing 2-deoxy-D-ribose), polyribonucleotides 
(containing D-ribose), and any other N-glycoside of a purine 
or pyrimidine base, or modified purine or pyrimidine bases. 
These terms include double- and single-stranded DNA, as 
well as double- and single-stranded RNA. Oligonucleotides 
for use in the invention may be used as primers and/or probes. 
0035. A nucleic acid, polynucleotide or oligonucleotide 
can comprise phosphodiester linkages or modified linkages 
including, but not limited to phosphotriester, phosphorami 
date, siloxane, carbonate, carboxymethylester, acetamidate, 
carbamate, thioether, bridged phosphoramidate, bridged 
methylene phosphonate, phosphorothioate, methylphospho 
nate, phosphorodithioate, bridged phosphorothioate or Sul 
fone linkages, and combinations of such linkages. 
0036) A nucleic acid, polynucleotide or oligonucleotide 
can comprise the five biologically occurring bases (adenine, 
guanine, thymine, cytosine and uracil) and/or bases other 
than the five biologically occurring bases. These bases may 
serve a number of purposes, e.g., to stabilize or destabilize 
hybridization; to promote or inhibit probe degradation; or as 
attachment points for detectable moieties or quencher moi 
eties. For example, a polynucleotide of the invention can 
contain one or more modified, non-standard, or derivatized 
base moieties, including, but not limited to, N6-methyl-ad 
enine. N6-tert-butyl-benzyl-adenine, imidazole, substituted 
imidazoles, 5-fluorouracil, 5 bromouracil, 5-chlorouracil, 
5-iodouracil, hypoxanthine, Xanthine, 4-acetylcytosine, 5 
(carboxyhydroxymethyl)uracil, 5 carboxymethylaminom 
ethyl-2-thiouridine, 5 carboxymethylaminomethyluracil, 
dihydrouracil, beta-D-galactosylqueosine, inosine, N6 iso 
pentenyladenine, 1-methylguanine, 1-methylinosine, 2,2- 
dimethylguanine, 2-methyladenine, 2-methylguanine, 3-me 
thylcytosine, 5-methylcytosine, N6-methyladenine, 
7-methylguanine, 5-methylaminomethyluracil, 5-meth 
OXyaminomethyl-2-thiouracil, beta-D mannosylqueosine, 
5'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-meth 
ylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid (V), 
Wybutoxosine, pseudouracil, queosine, 2 thiocytosine, 5-me 
thyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, 
uracil-5-oxyacetic acidmethylester, 3-(3-amino-3-N-2-car 
boxypropyl)uracil, (acp3)w, 2,6-diaminopurine, and 5-pro 
pynyl pyrimidine. Other examples of modified, non-standard, 
or derivatized base moieties may be found in U.S. Pat. Nos. 
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6,001,611; 5,955,589; 5,844. 106; 5,789,562; 5,750.343; 
5,728,525; and 5,679,785, each of which is incorporated 
herein by reference in its entirety. Furthermore, a nucleic 
acid, polynucleotide or oligonucleotide can comprise one or 
more modified Sugar moieties including, but not limited to, 
arabinose, 2-fluoroarabinose, Xylulose, and a hexose. 
0037 “Repetitive sequences’ refer to highly repeated 
DNA elements present in a genome. These sequences are 
usually categorized in sequence families and are broadly 
classified as interspersed repetitive DNA (see, e.g., Jelinek 
and Schmid, Ann. Rev. Biochem. 51:831-844, 1982; Hard 
man, Biochem J. 234:1-11, 1986; and Vogt, Hum. Genet. 
84:301-306, 1990) or tandemly repeated DNA. Repetitive 
elements include satellite, minisatellite, and microsatellite 
DNA. In humans, interspersed repetitive DNA includes Alu 
sequences, short interspersed nuclear elements (SINES) and 
long interspersed nuclear elements (LINES), and endogenous 
retroviruses (ERVs). The categorization of repetitive elle 
ments and families of repetitive elements and their reference 
consensus sequences are defined in public databases (e.g., 
repbase (version 12.09)—Genetic Information Research 
Institute (Jurka et al., Cytogenet Genome Res 2005: 110:462 
7)). 
0038. As used herein, the singular forms “a” “an and 
“the” include plural referents unless the context clearly dic 
tates otherwise. Thus, for example, reference to “a molecule' 
includes a plurality of Such molecules, and the like. 

Introduction 

0039. The present invention is based, in part, on the dis 
covery that SNPs having an allele frequency of 0.20 or 
greater, often 0.30 or greater, and preferably 0.40 or greater, 
for example, 0.44 or 0.45, or greater, can be surveyed in 
cf. DNA obtained from a transplant patient to identity one or 
more of such SNP that can be used thereon as a biomarker to 
monitor rejection status of transplant material. A SNP biom 
arker identified in accordance with the invention is one for 
which the transplant recipient is homozygous for the allele 
and the donor material has an alternative allele. The methods 
of the invention do not require a separate sample from the 
donor to identity a SNP biomarker. 

Identification of SNPs to Detect Transplant Rejection 

0040. A SNP for use in determining a transplantation 
biomarker in accordance with the invention has a minor allele 
frequency of at least 0.20 or 0.30 and typically has a minor 
allele frequency of at least 0.40, 0.41, 0.42, 0.43, 0.44, or 0.45 
or greater. Further, such a SNP is not contained within or 
directly adjacent to a repetitive element. A SNP that is not 
contained within or directly adjacent to a repetitive element' 
as used here means that the SNP is sufficiently removed from 
repetitive sequences such that primers can be designed that 
specifically amplify the SNP-containing target region. For 
example, a SNP that is not directly adjacent to a repetitive 
element may be at a distance of 50 base pairs or greater, 
upstream or downstream from a repetitive element. 
0041 Table 1 provides illustrative SNPs for use in the 
invention. The SNPs were identified from public databases 
(e.g., the websites hapmap.ncbi.nlm.nih.gov or www 
1000genomes.org). Compilations can also be found for avail 
able SNP-arrays, e.g. at the Illumina website for SNPs used 
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on the “HumanOminiSMSNP chip. As appreciated by one of 
skill in the art alternative SNPs can be identified based on 
these criteria. 
0042 Allele frequency can vary within different popula 
tions. For example, allele frequency may be different in a 
Caucasian population, Such as a Caucasian northern Euro 
pean population in comparison to an Asian population, Such 
as a Japanese population. Accordingly, the determination of a 
SNP suitable for use for identifying a transplantation SNP 
biomarker as described herein may also take into account the 
genetic background information of the transplant recipient 
and donor with respect to minor allele frequency. 
0043. In typical embodiments, a SNP that can be used as a 
donor biomarker is identified in a sample obtained from the 
transplant patient without employing a separate sample from 
a donor. Thus, cf DNA from a patient can be used to identify 
a SNP biomarker for transplant tissue from a donor. The 
sample from the patient can be obtained at any given time 
following transplantation to evaluate donor SNPs. 

Detection of Donor Alternative SNP Alleles in CfDNA 

0044. In one embodiment, a blood sample, e.g., serum or 
plasma sample, from a patient can be evaluated at a later time 
frame after transplantation, typically at least five days after 
transplantation, to determine a SNP that can serve as a biom 
arker for transplantation. At such times, usually less than 10% 
of graft DNA is present in the cflNA in a transplant recipient. 
In this embodiment, a blood sample from the recipient is used 
to isolate cf)NA. The cf)NA is then subjected to an ampli 
fication step to generate a cf)NA library. This initial ampli 
fication step to obtain cfDNA library is also referred to herein 
as a “pre-amplification'. Any amplification method can be 
used to generate the cf. DNA library, including, but not limited 
to PCR. Additional amplification methods are described 
below. The number of rounds of amplification for this pre 
amplification step is sufficient to obtain a quantity of cf. DNA 
library that can be evaluated to identify a SNP from a donor. 
As an illustrative, non-limiting example, anywhere from 8 to 
12 rounds may be performed, although other numbers of 
rounds may also be performed. The cf DNA is then assessed 
for pre-selected SNPs that can serve as biomarkers using 
primers and probes that amplify target regions containing 
SNPs that were identified as homozygous in the recipient. 
This analysis is performed using a digital PCR. Those SNPs 
that provide a signal for a SNP allele that was not identified in 
the recipient are selected as a transplant biomarker for that 
transplant patient. Two groups of percentages will be seen: 
the one that is twice as high as the other e.g., 2% vs 1% is 
homozygous in the donor transplant material whereas the 
lower percentage indicates that the SNP is heterozygous in 
the donor material. The homozygous SNPs are used prefer 
entially for all other samples of the patient. Heterozygous 
SNPs may also be employed, but are less sensitive. 
0045 Any method can be used to determine SNPs that are 
homozygous in the transplant recipient, including array 
hybridization, quantitative PCR, sequencing, oran alterna 
tive method. In some embodiments, the recipient SNP geno 
type for SNPs having a minor allele frequency of 0.20 or 
greater, or 0.30 or greater, or preferably 0.40 or greater, in 
accordance with the invention, is determined using a pre 
amplified cf)NA library as described above. In other 
embodiments, the SNP profile of the transplant recipient is 
performed using DNA obtained from peripheral blood leuko 
cytes or other sample from the patient that is free of donor 
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primers). In some embodiments, primers are used to amplify 
a target region and the SNP alleles are detected using probes 
specific for eachallele. Oligonucleotides that are employed as 
primers and/or probes to detect biomarkers can be selected 
using methods well-known in the art. For example, PCR 
primers may be designed using standard primer design com 
puter software techniques known to individuals skilled in the 
art. The variables considered during PCR primer design may 
include primer length, GC pair content, melting temperature, 
and size of the target nucleic acid amplified by the primer pair. 
0055. In one embodiment, the biomarker is identified by 
hybridization under sequence-specific hybridization condi 
tions with a probe that targets the biomarker region (e.g., 
targets some unambiguously assigned portion of the target 
biomarker) with or without a preceding amplification of 
DNA. Principals for designing such a probe are well known in 
the art. 

Use of Transplant Biomarkers 

0056 A SNP transplant biomarker identified in accor 
dance with the invention may be used to evaluate transplant 
rejection status in the recipient. Such an evaluation can be 
performed, e.g., using an amplification reaction to detect 
transplant biomarker in the cf. DNA present in a blood sample 
from the patient. The cf. DNA of the patient may be evaluated 
periodically, for example, over the course of days, weeks, 
months, or years, for SNP biomarkers in cf. DNA to monitor 
the status of the transplant, i.e., whether there are signs of 
rejection or damage. If the percentage of graft cflNA rises 
either higher than the mean, typically +2SD of values seen in 
uncomplicated courses, or shows a Sustained increase, this is 
indicative of a rejection. 
0057. In order to detect the presence of the transplant 
biomarker, a blood sample is obtained from the patient at the 
desired time point following transplant. A cf)NA sample is 
obtained from the blood sample and is analyzed to determine 
the level of donor material by identifying the presence of 
donor SNP alleles in the cf)NA. Any method can be used to 
evaluate the sample. In typical embodiments, digital PCR, 
such as a microfluidics-based digital PCR or droplet-based 
PCR is employed. Other methods can be based on direct 
hybridization of detection probes (without prior amplifica 
tion) or sequencing, e.g., sequencing of an amplicon defined 
in Table 1. For example, the SNP region is amplified by PCR 
and then the percentage of the minor allele is determined by 
amplicon sequencing. The percentage of donor cf)NA (also 
referred to as graft cflNA) in the cf. DNA sample can be 
determined. In other embodiments, the copy number of donor 
cf)NA is determined. 

0058 Analysis of graft cf)NA levels in the blood using a 
SNP analysis as described herein can be used to detect any 
kind of injury to or deterioration of transplant organ cells. For 
example, graft cf)NA analysis can be used to assess perfu 
sion injury. Typically, monitoring graft cf)NA to determine 
the presence of reperfusion injury comprises monitoring 
cf. DNA samples from the transplant recipient that are 
obtained soon after transplant, e.g., within 7 days of trans 
plant. In the context of the present invention, the term “per 
fusion is used interchangeably with “reperfusion'. 
0059. In some embodiments, damage that arises from 
reactivation of a virus infection, e.g., a hepatitis virus infec 
tion, can be assessed using a SNP graft cf. DNA assay in 
accordance with the invention. In some embodiments, such 
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methods further comprise identifying the presence of the 
virus, e.g., where the transplant is a liver, the presence of a 
hepatitis virus. 
0060. In some embodiments, evaluation of graft cflNA in 
a transplant recipient using the methods described herein is 
employed to monitor the status of a donor organ that is a 
marginal organ. A "marginal organ” is an art-recognized term 
that describes an organ from a donor that has a medical 
history that does not meet the optimal history for organ 
donors, for example, the donor, may have one of the following 
criteria: extremes of age, adverse past medical history, etc. 
These criteria vary from organ to organ and depend on the 
patient history. 
0061. In some embodiments, graft cf. DNA SNP analysis in 
accordance with the invention can be used to adjust an immu 
nosuppressive regimen in a patient. For example, the lowest 
effective amount ofan immunosuppressive drug regimen that 
achieves a level of graft cf. DNA that is observed in stable 
transplant patients can be determined. Typically, monitoring 
the status of the graft to adjust an immunosuppressive regi 
men comprises monitoring cf)NA samples from the trans 
plant recipient that are obtained at about ten days or two 
weeks or longer. Monitoring can be performed for an 
extended period of time of up to years at desired intervals. 
0062. In some embodiments, graft cfDNA analysis in 
accordance with the invention can be used to detect a solid 
organ transplant injury caused by donor-specific antibodies. 
A transplant recipient can be monitored over the course of 
years for such damage. In some embodiments, a method of 
the invention may further comprise detecting the presence of 
donor-specificantibodies circulating in the blood of the trans 
plant recipient. Such antibodies are specific for the HLA type 
of the donor organ and can be detected using known assays. In 
Some embodiments, a patient having Such donor-specific 
antibodies may be additionally treated with immunosuppres 
sive agents that Suppress B cells. 
0063. The information obtained from the SNP biomarker 
analysis may be stored in a computer readable form. Such a 
computer system typically comprises major Subsystems such 
as a central processor, a system memory (typically RAM), an 
input/output (I/O) controller, an external device such as a 
display Screen via a display adapter, serial ports, a keyboard, 
a fixed disk drive via a storage interface and a floppy disk 
drive operative to receive a floppy disc, and a CD-ROM (or 
DVD-ROM) device operative to receive a CD-ROM. Many 
other devices can be connected, Such as a network interface 
connected via a serial port. 
0064. The computer system may also be linked to a net 
work, comprising a plurality of computing devices linked via 
a data link, such as an Ethernet cable (coax or 10BaseT), 
telephone line, ISDN line, wireless network, optical fiber, or 
other Suitable signal transmission medium, whereby at least 
one network device (e.g., computer, disk array, etc.) com 
prises a pattern of magnetic domains (e.g., magnetic disk) 
and/or charge domains (e.g., an array of DRAM cells) com 
posing a bit pattern encoding data acquired from an assay of 
the invention. 

0065. The computer system can comprise code for inter 
preting the results of a study to determine SNP transplant 
biomarkers or to evaluating the presence of one or more of the 
SNP transplant biomarkers identified in accordance with the 
invention to aid in prognosis. Thus in an exemplary embodi 
ment, the biomarker analysis results are provided to a com 
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puter where a central processor executes a computer program 
for evaluating the one or more biomarkers. 
0066. The invention also provides the use of a computer 
system, Such as that described above, which comprises: (1) a 
computer; (2) a stored bit pattern encoding the biomarker 
testing results obtained by the methods of the invention, 
which may be stored in the computer; (3) and, optionally, (4) 
a program for evaluating a biomarker. 
0067. The invention further provides methods of generat 
ing a report based on the detection of one or SNP transplant 
biomarkers for the patient. 
0068 Thus, the present invention provides systems related 
to the above methods of the invention. In one embodiment the 
invention provides a system for analyzing circulating cell 
free DNA, comprising: (I) a sample analyZerfor executing the 
method of analyzing circulating cell-free DNA in a patients 
blood, serum or plasma as described in the various embodi 
ments above; (2) a computer system for automatically receiv 
ing and analyzing data obtained in step (1) to provide a test 
value representing the status (presence or absence or amount, 
i.e., concentration or copy number) of a SNP transplant biom 
arker for the patient. 
0069. The computer-based analysis function can be imple 
mented in any Suitable language and/or browsers. For 
example, it may be implemented with C language and pref 
erably using object-oriented high-level programming lan 
guages such as Visual Basic, SmallTalk, C++, and the like. 
The application can be written to Suit environments such as 
the Microsoft WindowsTM environment including Win 
dowsTM 8, WindowsTM 7, WindowsTM 98, WindowsTM 2000, 
WindowsTMNT, and the like. In addition, the application can 
also be written for the MacintoshTM, SUNTM, UNIX or 
LINUX environment. In addition, the functional steps can 
also be implemented using a universal or platform-indepen 
dent programming language. Examples of Such multi-plat 
form programming languages include, but are not limited to, 
hypertext markup language (HTML), JAVATM, JavaScriptTM, 
Flash programming language, common gateway interface? 
structured query language (CGI/SQL), practical extraction 
report language (PERL). AppleScriptTM and other system 
Script languages, programming language/structured query 
language (PL/SQL), and the like. JavaTM- or JavaScriptTM 
enabled browserS Such as HotJavaTM or MicrosoftTM 
ExplorerTM can be used. When active content web pages are 
used, they may include JavaTM applets or ActiveXTM controls 
or other active content technologies. 
0070 The analysis function can also be embodied in com 
puter program products and used in the systems described 
above or other computer- or internet-based systems. Accord 
ingly, another aspect of the present invention relates to a 
computer program product comprising a computer-usable 
medium having computer-readable program codes or instruc 
tions embodied thereon for enabling a processor to carry out 
the analysis and correlating functions as described above. 
These computer program instructions may be loaded onto a 
computer or other programmable apparatus to produce a 
machine, such that the instructions which execute on the 
computer or other programmable apparatus create means for 
implementing the functions or steps described above. These 
computer program instructions may also be stored in a com 
puter-readable memory or medium that can directa computer 
or other programmable apparatus to function in a particular 
manner, such that the instructions stored in the computer 
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readable memory or medium produce an article of manufac 
ture including instruction means which implement the analy 
sis. The computer program instructions may also be loaded 
onto a computer or other programmable apparatus to cause a 
series of operational steps to be performed on the computer or 
other programmable apparatus to produce a computer imple 
mented process such that the instructions which execute on 
the computer or other programmable apparatus provide steps 
for implementing the functions or steps described above. 
0071. The following examples are provided by way of 
illustration only and not by way of limitation. Those of skill in 
the art will readily recognize a variety of non-critical param 
eters that could be changed or modified to yield essentially 
similar results. 

EXAMPLES 

Example 1 

Quantification of Donor Cell-Free DNA 

Methods 

SNP Assays 
0072 SNPs were selected from public databases consid 
ering those which show a known and validated minor allelic 
frequency of 40% in Caucasians and >45% overall reported 
ethnicities. As a next step, SNP that are in or directly adjacent 
to a repetitive element were eliminated. The remaining SNPs 
were then investigated for their usefulness in a probe hydroly 
sis assay. This was done in silico by using thermodynamic 
calculations (Schlitz & Von Ahsen, Biotechniques 27:1218 
1222, 1224, 1999) to optimize the binding differences for the 
two probes that hybridize to the two alleles at the desired 
temperature of 65° C. at standard PCR buffer conditions (e.g. 
0.18 mol/L salt and 0.5 umol/L DNA/primer). Because the 
slope of a dsDNA probe melting curve is mainly dependent on 
the enthalpy of the probes (Marky & Breslauer, Biopolymers 
26:1601-1620, 1987), the latter dominates the selection for a 
maximized difference of free Gibbs energy between allele 
binding at a given condition. A total of 41 probe sets (Table 1) 
were designed with one probe for each of the two alleles 
where FAM and HEX were used in conjunction with BHQ1 
as quencher. Respective PCR primers were designed to 
exhibit a Tm of 68° C. and a binding of >95% at 60° C. 
0073. Each of the assays was first optimized in a LightCy 
cler480, using the ddPCR Supermix for Probes (Bio-Rad) and 
subsequently optimized for digital droplet PCR (ddPCR), 
which yielded slightly different cycling conditions. Two dif 
ferent annealing temperatures were established in order to 
maximize efficiency and differentiation of alleles. 
0074 Table 1 lists probes and other characteristics for 
each of the selected SNPs. Table 1 part A: Col. 1, SNP des 
ignation in Table 1; Col. 2, SNP name/reference; Col. 3, 
chromosome; Col 4, position on chromosome; Col. 5, minor 
allele frequency (MAF) (all populations); Col. 5, MAF, Cau 
casian; Cols. 6 and 7: illustrative primers for amplification of 
target region containing SNP; Col. 8, Annealing and Exten 
sion temperatures. Table 1 part B: Col. 1, SNP designation in 
Table 1: Col. 2, SNP (nucleotide change); Col. 3, length of 
amplicon containing SNP obtained with primers shown in 
part A. Cols. 6 and 7; Cols. 4–7, SNP probes and characteris 
tics. 



Apr. 28, 2016 US 2016/01 15541 A1 



Apr. 28, 2016 US 2016/01 15541 A1 







US 2016/01 15541 A1 

Samples 
0075 For initial assay establishment and optimization, 
genomic DNA and cfloNA were extracted from EDTA-anti 
coagulated blood collected from healthy volunteers. Within 
one hour after collection, plasma was separated from the cells 
by centrifugation (2500xg for 10 min at 4°C., followed by a 
second centrifugation of the plasma at 4000xg for 20 min at 
4'C to remove any cell debris. DNA from both the plasma (>1 
mL) and the harvested buffy coat was extracted with the 
Roche Total Viral Acid Extraction Kit using manufacturers 
instructions. The results reported here were from samples that 
were drawn under an IRB approved protocol with informed 
COISent. 

0076 Samples were either from patients early (<4 
months) after transplantation (Liver: LTx., n-6) or from stable 
outpatients during the later maintenance course after trans 
plantation of liver (LTx, n=9), heart (HTX, n=8), and Kidney 
(KTX, n=9). 

Library Construction 
0077. Typically, about 1,000 to 1,500 genome copies are 
expected to be present in one mL of blood. The recovery if 2 
mL EDTA plasma is used, therefore, is about 4.000 to 6.000 
copies. If 2% are to be detected in a quantitative manner, the 
required number of fragments for testing of several SNPs can 
only be achieved if a pre-amplification is performed. For this 
purpose, we used the NEBNext Ultra DNA Library Prep Kit 
(New England Biolabs), since this gave the best efficiency at 
amounts as low as 5 ng of DNA, which reflects the usual 
amount of cf. DNA, when samples as given above. We ampli 
fied the ligated cfDNA to 1,100 ng on average (SD: 325) using 
a maximum of 11 PCR cycles using real-time monitoring of 
library amplification in a LightCycler480 (Roche Applied 
Sciences). 

Digital Droplet PCR 
0078 ddPCR reactions were prepared using the ddPCR 
Supermix for Probes (Bio-Rad). Each reaction contained 30 
ng or 100 ng of the cfDNA library as template, 900 nmol/L of 
each primer and 250 nmol/L of each probe. Droplets were 
generated using the QX 100 droplet generator (Bio-Rad) 
according to the manufacturer's protocols. The cycling con 
ditions were: 95° for 10 min, 50x (94° for 30 sec. 950/610 for 
1 min), 980 for 10 min. Droplets were read in the QX100 
droplet reader and analyzed using the Software Quantasoft 
version 1.3.2.0 (Bio-Rad). For the quantification of the minor 
allele fractional abundance, the embedded “Rare Event 
Detection' calculation was used, which basically takes the 
underlying Poisson distribution into account to calculate the 
template molecule concentration of either allele. These val 
ues are then used to express the minor allele in percent of the 
total concentration. 

Results 

Analytics 

0079 We first investigated how sensitive the methods 
were in terms of the limits of detection of minor amounts of 
one allele. To do so, known amounts of genomic DNAs with 
known genotypes per SNP were mixed at a minor allele 
concentration of 2%. The intra-assay precision was deter 
mined in series of 9 repetitions in one run to calculate a 
coefficient of variation (CV). FIG. 1 illustrates CV profiles 
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for 13 of the SNP assays. It can be seen that even at a 2% 
minor allele content a CV of <15% (range 4%–14%) was 
achieved, which is comparable to the theoretical obtainable 
CV as based on the number of droplets positive for the minor 
allele (151 SD:54). The reported CVs were sufficient for the 
purpose of graft DNA detection. The recovery of the spiked in 
2% was on average 1.87% (94% of spiked value) over the 
thirteen SNP assays with a standard deviation of 0.24% 
(13%). 
0080 FIG. 2 illustrates a procedure deployed to determine 
the graft DNA content in the recipients circulation. In order 
to select those SNPs for each recipient that gives the highest 
theoretical sensitivity, one sample was tested for all SNPs on 
one LightCycler480 run. SNPs heterozygous in the recipient 
were eliminated from the consecutive ddPCRs. If multiple 
samples from one patient were to be tested, only one sample 
was used for this pre selection step. This yielded on average 
17 (SD: 4) useful SNP assays for each of the tested recipients 
(n=32). 
I0081. TheddPCRs of the clinical samples were performed 
using 30 ng (LTX samples) or 100 ng (HTx and KTX samples) 
of the cflNA library per well, which translated to about 0.5 
and 1.5 copies per droplet respectively. FIG. 3 show the 
results for stable liver, kidney and heart transplant recipients 
with no signs of rejection. A total of 10 different ddPCR 
assays were performed for the LTX patients, and a total of 16 
different ddPCR assays were performed for the KTX and HTX 
patients. The number of informative assays used to determine 
the graft cf)NA content is given below the abscissa. The 
percentage of graft DNA in the circulation of liver recipients 
was lower than 10% in all patients. The average amount of 
graft DNA was 3.7% (SD: 2.9%) in the LTx group (n=10). 
The KTX (n=9) and HTX (n=8) average graft DNA contents 
with 1.2% (SD: 1.2%) and 0.9% (SD: 1.1%) are lower. The 
higher amount in LTX compared to the other organs may 
reflect the higher regeneration rate that is usually seen for 
hepatocytes compared to other e.g. heart and kidney cells. 
I0082 In the early (acute) phase after LTX the detected 
amount of graft cflNA was very different from the stable 
phase, most probably reflecting the ischemia/reperfusion 
damage and the recovery from that. We analyzed samples 
within 5 hrs after re-establishing blood flow to the donated 
organ. FIG. 4 shows the time course of the graft cflNA in this 
patient, who later had excellent recovery of graft function. 
During the early post-engraftment phase graft DNA was the 
vast majority of the cflNA (up to >95%), but then decreased 
with an approximate half-life of 24 hours. Five patients were 
followed early after LTx. Of these, 3 had no severe reported 
complications or rejection episodes during the first 3 months. 
The total ddPCR assay performed were 12 for LTx1, 16 for 
LTx3, and 18 for LTX6. The results of five different informa 
tive assays were used to determine the graft cfloNA content. 
The percentage of graft cf. DNA was always <15% from day 
10 onwards if no complications occurred. 
I0083. In contrast, one patient had some presumed early 
rejection episodes that were proven by biopsy at day 42 after 
LTX. A total of 16 ddPCR assays were performed for this 
patient. Five different informative assays were averaged in 
order to obtain the graft cfloNA content. FIG. 5 displays the 
time course of the conventionally used sensitive rejection 
markers bilirubin and AST (aspartate aminotransferase) 
together with the percentage of graft cflNA in this patient. 
After having an initial graft cf. DNA value of ~15% on day 7, 
the values increased and never returned to values seen in the 
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uncomplicated patients during the entire observation period. 
Moreover, this percentage was markedly increased on day 32, 
several days before the conventional parameters Suggested 
possible rejection. 
0084. This example thus illustrates the identification of 
SNPs to evaluate transplant status and demonstrated that 
there was a significant increase of graft cf. DNA that preceded 
AST and bilirubin elevations in a case of LTX rejection. Thus, 
a cost effective technique was developed that can determine 
relative amounts of graft DNA in cf. DNA of LTX patients in 
one working day. This technique makes graft cf)NA a prom 
ising biomarker for early detection of rejection, potentially 
enabling more timely therapeutic intervention. 

Example 2 

Further Analysis of cf. DNA-Quantification of 
Gcf)NA as Copies/mL 

I0085. Where the ratio of graft to host cfloNA has analyti 
cal advantages by eliminating disturbing variables, such as 
DNA extraction efficiency, variablities in host cfDNA may 
obfuscate the view on the engrafted organ. The early phase 
after transplant was used as model to compare the percentage 
or absolute plasma concentration of Gcf)NA is a more valu 
able graft integrity measure. 

Materials and Methods 

I0086 Blood samples from patients after liver (LTx), heart 
(HTX) and kidney (KTX) were drawn according to IRB 
approved protocols. Samples (288) from 23 LTX were 
included for evaluation of the potency to measure copy num 
bers of Gcf DNA in the initial post-operative phase. For the 
cf)NA extraction investigations, pools from normal Volun 
teers were used. 
0087 EDTA-whole blood was drawn and processed 
within 4 hours. For LTX patients, cfloNA tubes (9 mL) Streck 
Inc. were used for a subset of samples. Extraction of cfloNA 
from 1-2.5 ml of plasma was performed using the High Pure 
Viral Extraction Large Volume Kit (Roche) according to the 
manufacturers instructions, but without the addition of car 
rier RNA. 
0088 For the in-assay assessment of the extraction yield, 
an artificial DNA (referred to as a "spike' in the example) was 
added to samples in a known quantity. The spike consisted of 
a non-human derived 320 bp DNA that was cloned into a 
pGEM-T vector (Promega) and produced using Phusion 
polymerase (NEB) with m13 primers. The resulting product 
was cleaned using AMPure XP (Beckman-Coulter) purifica 
tion and stored in a 1,400,000-fold concentration of the final 
spike dilution used for extraction. Prior to each extraction, the 
spike was diluted and 20 uL were added to the plasma just 
prior to adding the protease and binding buffer. This resulted 
in an approximate amount of 5,000 spike copies per mL of 
plasma. 
0089 For the quantification of total cf)NA, two non 
SNP-specific assays of single copy genes were used inddPCR 
together with the quantification of the internal standard in one 
assay. 20 pul of the spike-dilution used for the respective 
extraction was diluted to a final volume of 50 uL using HO 
three times and each independent dilution was measured in 
ddPCR duplicates. The cf)NA was corrected for the PCR 
length based efficacy of 98 bp and 90 bp, based on the pub 
lished size distribution (Beck, et al. Clin Chem 55:730-38, 
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2009). A second primer set of 223 bp and 224 bp that targets 
the same genetic regions was used to assess the presence of 
longer DNA fragments in the cf. DNA extracts. The ratio 
between cp? mL determined using the long amplicon assays 
Versus the short amplicon assays was calculated as a measure 
of necrotic DNA content. The GcfDNA was the calculated by 
multiplying the Gcf. DNA '% with the cf. DNA cp/mL) 
divided by the extraction efficiency of the internal standard. 
(0090 Gcf)NA 96 was measured as described (Becket 
al., Clin Chem 59:1732-41, 2013) on a QX100/200 system, 
which was used for all other described ddPCR assays 
throughout the study. 

Results 

0091. When GcflNA measured as copies/ml were com 
pared with those values expressed as percentage, a correlation 
of r–0.81 was observed in samples from LTX patients from 
day 6 post surgery onward. (FIG. 6). The closest value that 
would be comparable to the 10% delimiter used in the per 
centages was defined as being 3,000 cp?mL for LTX patients 
from day 6 post Surgery onward. 

Example 4 

Use of Gcf)NA SNP Analysis to Optimize 
Immunosuppressive Therapy 

0092. Immunosuppression minimization requires tools to 
assess the minimal necessary exposure in individual patients. 
Drug concentrations and conventional markers are not pre 
cise predictors for this purpose. Therefore, in the present 
study a new practical and cost-effective method for determi 
nation of graft-derived cell-free DNA (GcflNA) was inves 
tigated as a sensitive marker of graft injury after liver trans 
plantation (LTX). 
(0093 Methods: Gcf)NA was quantified (n=171) using 
droplet digital PCR assay in N=12 adult patients predomi 
nantly during the early phase (days 8-30) after LTX to deter 
mine the amount of graft DNA. Values obtained in patients 
with various causes of graft dysfunction (i.e. hepatitis C 
infection IHCV+), cholestasis, low tacrolimus concentra 
tions, and rejection) were compared to a published cut-off 
(10%) from a historical control group (N=10) of stable adult 
LTX patients without any clinical or laboratory indications of 
graft dysfunction or rejection. 
0094. The results showed that subtherapeutic tacrolimus 
levels<8 ug/L, HCV--, and rejection episodes, but not 
cholestasis, were associated with significantly elevated 
Gcf)NA. Furthermore, significant elevations of Gcf)NA 
were observed 4-6 days before acute rejection was diagnosed. 
0095. In an attempt to optimize the immunosuppressive 
therapy, the GcfloNA values in LTX patients were compared 
with the determined Tacrolimus levels at the same time point 
(Oellerichet al., Ther Dug Monit 36:136-140, 2014). It can be 
shown that sub-therapeutic Tacrolimus blood levels are asso 
ciated with both elevated GcfDNA (%) as well as Gcf)NA 
(cp/ml) values. In an extension of the report by Oellerich etal, 
to evaluate 260 sample, the separation was found to be 
slightly better with the absolute (cp/mL) determinations 
(FIGS. 7 and 8), if a Tacrolimus blood level of 6.7 g/mL was 
used. Both ways (percentage and copy number) of Gcf)NA 
determinations were useful as an aid in guiding the immuno 
Suppressive drug therapy towards the needed minimal blood 
level, where no injury is detectable. When stratified overtime, 
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the total predictive accuracy as defined by the sum of the 
samples that are >the delimiter of GcfloNA and <the delimiter 
of Tacrolimus and <the delimiter of Gcf)NA and >the delim 
iter of Tacrolimus, divided by all samples, a slightly better 
trend was seen for the cp?mL expression. The limit of 
Gcf)NA (cp/ml) depends on the time after LTX, as the needed 
Tacro level to control the immune system is (FIG. 9). 
0096. These results show that GcfDNA is suitable for the 
rapid, specific, and early detection of graft injury after LTX 
and is a useful measure of individual responses to immuno 
Suppressive therapy. Accordingly, the method can be used for 
the assessment of lowest effective immunosuppressant expo 
Sure in minimization Strategies. 

Example 5 

GcfloNA Quantification to Assess Reperfusion 
Injury 

0097. During the initial phase after transplantation, it is 
assumed that an initial damage is due to cold organ procure 
ment with consecutive warm reperfusion. During cold pres 
ervation it is likely that a certain number of hepatocytes will 
enter a necrotic State and cannot survive the reperfusion 
phase, which is mostly dominated by apoptotic processes that 
are initiated during cold storage. An assessment of the sever 
ity of this early damage is difficult by conventional liver 
function tests (LFT), since the hepatocytes are both the pro 
duction side as well as the affector cells of the damage. 
Further, the disparity between the number of potential organ 
recipients and the number of available donor organs has 
resulted in the increasing use of organs from marginal donors. 
This example demonstrates the associations found between 
the clinical course and quantified graft-derived cell-free DNA 
(GcflNA) as biomarker of graft integrity in a liver transplant 
(LTx) patient who received a marginal donor liver and the 
severity of early damage due to reperfusion. 
0098. The effect of early damage can be quantified by the 
determination of the Gcf DNA (cp/mL), which shows a clear 
reduction over the first week after LTX. FIG. 10 shows the 
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results obtained from an analysis of a marginal donor in 
comparison to the range seen in 14 other patients. The LTX of 
this marginal organ did show a good initial outcome and 
function, which is predicted by the rapid decrease of Gcf)NA 
at the lower end of the whole group. In addition, the amount 
of necrosis of the graft can be assessed by estimating the 
length of the cf. DNA, which is short if released by apoptotic 
cell damage and longer if of necrotic origin. By comparing 
the amount of cfDNA determined with a digital droplet PCR 
of short length with those determined with a PCR directed to 
a longer target, an apoptotic index can be defined. The higher 
that value is, the more cf)NA is of necrotic origin. FIG. 11 
shows the time course during the first days after LTX. 
[0099] A comparison of the AUC (d1-d5) of GcfDNA per 
centage and concentration with cold ischemia time, warm 
ischemia time, age of donor and recipient as well as AST in a 
multivariate regression showed a better F-value with absolute 
Gcf)NA (F=5.8; p<0.05) compared to percentages (F=0.8; 
p=0.6). 
0100. The disparity between the number of potential organ 
recipients and the number of available donor organs has 
resulted in the increasing use of organs from marginal donors. 
0101 Overall in the initial phase after LTX the absolute 
level of Gcf)NA was an effective predictor of ischemia % 
reperfusion damage, with the capability of assessing the ini 
tial graft function and, importantly, the function over time if 
marginal organs are engrafted. 
0102 These results indicate that GcfDNA determinations 
can be used to monitor early graft recovery and Subsequent 
damage as well as responses to therapeutic interventions. 
Furthermore, GcflDNA was an immediate and sensitive indi 
cator of compromised graft perfusion. This test can be used as 
a “liquid biopsy' to assess the integrity of the transplanted 
organ, especially in recipients of marginal donor livers. 
0.103 All accession numbers, patents, patent applications, 
and other published reference materials cited in this specifi 
cation are hereby incorporated herein by reference in their 
entirety for their disclosures of the subject matter in whose 
connection they are cited herein. 

<223> OTHER INFORMATION: synthetic forward amplification primer for 
target region containing SNP S43 

<4 OOs SEQUENCE: 1 

gtctctgggg gtctgttggc c 

< 210 > SIEQ IID NO 2 
&211s LENGTH: 21 
<21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

21 

<223> OTHER INFORMATION: synthetic reverse amplification primer for 
target region containing SNP S43 

<4 OOs SEQUENCE: 2 
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- Continued 

agagga agga Ct CCC agggg g 21 

< 210 > SEQ IID NO 3 
&211s LENGTH: 24 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S46 

<4 OO> SEOUENCE: 3 

t CC agc ag ag gaa at agt aC ttg C 24 

< 210 > SEQ IID NO 4 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S46 

<4 OO> SEOUENCE: 4 

agcc ac ctgg t cit ccttt ca 2O 

< 210 > SEQ IID NO 5 
&211s LENGTH: 25 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 
<223 > OTHER INFORMATION: Synthetic forward amplification primer for 

target region containing SNP S38 

<4 OO> SEOUENCE: 5 

t caatcctica caact tcc ct aaggg 25 

< 210 > SEQ IID INO 6 
&211s LENGTH: 21 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverseamplification primer for 
target region containing SNP S38 

<4 OO> SEOUENCE: 6 

agtgggaggg a99 taCag tig a 21 

< 210 > SEQ IID INO 7 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S48 

<4 oo > SEOUENCE: 7 

9999tgt.999 9tga999ja 18 

< 210 > SEQ IID INO 8 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S48 

Apr. 28, 2016 
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<4 OO> SEOUENCE: 8 

g CgCggCtgg ggtgttta 18 

< 210 > SEQ IID NO 9 
&211s LENGTH: 24 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S50 

<4 OO> SEOUENCE: 9 

tcttgt cgag gctgcc ctga a agg 24 

< 210 > SEQ IID INO 10 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S50 

<4 OO> SEOUENCE: 10 

acagagccgg ccggtcgc 18 

< 210 > SEQ IID INO 11 
&211s LENGTH: 25 
< 212 - TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S51 

<4 OO> SEOUENCE: 11 

ctgaccca at tgtgtgtgca gagca 25 

< 210 > SEQ IID INO 1 2 
&211s LENGTH: 26 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S51 

<4 OO> SEOUENCE: 12 

t ctitgagcac cittaccagcc titcaca 26 

< 210 > SEQ IID INO 13 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S53 

<4 OO> SEOUENCE: 13 

tgtgggcagt Ct Cact ggag ca 22 

< 210 > SEQ IID INO 14 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 

Apr. 28, 2016 
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target region containing SNP S53 

<4 OO> SEOUENCE: 14 

acccccagtg tggctctgct 2O 

< 210 > SEQ IID INO 15 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S54 

<4 OO> SEOUENCE: 15 

acct gcc.ccc tagaaaactg ct 22 

< 210 > SEQ IID INO 16 
&211s LENGTH: 29 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S54 

<4 OO> SEOUENCE: 16 

gcagtact at act agaalaca catggcagc 29 

< 210 > SIEQ IID INO 17 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S55 

<4 OO> SEOUENCE: 17 

cgc.cccaaat tdcgcacaac ca 22 

< 210 > SEQ IID INO 18 
&211s LENGTH: 23 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S55 

<4 OO> SEOUENCE: 18 

aCtt CC Ct CC CaäCCCCaCC åCt 23 

< 210 > SEQ IID INO 19 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S57 

<4 OO> SEOUENCE: 19 

CagC Ct Ct gg tt CCaggC Ct 2O 

< 210 > SEQ IID NO 2 O 
&211s LENGTH: 23 

< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 

Apr. 28, 2016 
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22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S57 

<4 OO> SEOUENCE: 20 

ggagaatccc agaagcaggc tga 23 

< 210 > SEQ IID NO 2 1 
&211s LENGTH: 21 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S58 

<4 OO> SEOUENCE: 21 

gtigcagcc cc t gitt catgcc t 21 

< 210 > SEQ IID NO 22 
&211s LENGTH: 19 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S58 

<4 OO> SEOUENCE: 22 

CatgccaggC Caggggtgg 19 

< 210 > SEQ IID NO 23 
&211s LENGTH: 25 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S59 

<4 OO> SEOUENCE: 23 

agaaagaaag a ag Caggga a ggg ac 25 

< 210 > SEQ IID NO 24 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S59 

<4 OO> SEOUENCE: 24 

tggagctaaa atgagcctgc gt 22 

< 210 > SEQ IID NO 25 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S63 

<4 OO> SEOUENCE: 25 

gc tg ttgc tg C Ct Cacaggt 2O 

< 210 > SEQ IID NO 2 6 
&211s LENGTH: 21 

Apr. 28, 2016 
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< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S63 

<4 OO> SEOUENCE: 26 

agggcaalagg caa atg Cac C a 21 

< 210 > SEQ IID NO 27 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S66 

<4 OO> SEOUENCE: 27 

accctig accc t cagtt Cctt 2O 

< 210 > SEQ IID NO 28 
&211s LENGTH: 25 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S66 

<4 OO> SEOUENCE: 28 

aagagccctt altaaggtgtig agaaa 25 

< 210 > SEQ IID NO 29 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S67 

<4 OO> SEOUENCE: 29 

atgal ag ag ta agC ggggCCg 2O 

< 210 > SEQ IID NO 3 O 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S67 

<4 OO> SEOUENCE: 3 O 

cgga cc catt t cacccacca 2O 

< 210 > SEQ IID NO 3 1 
&211s LENGTH: 2O 

< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S68 

<4 OO> SEOUENCE: 31 

ggac act CaC tggggc ct ct 2O 

Apr. 28, 2016 
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< 210 > SEQ IID NO 3 2 
&211s LENGTH: 27 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S68 

<4 OO> SEOUENCE: 32 

aggactgaaa ctagaagaaa aggtcgg 27 

< 210 > SEQ IID NO 33 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S70 

<4 OO> SEOUENCE: 33 

tiggc CC agtt aga aggtigtig ga 22 

< 210 > SEQ IID NO 3 4 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S70 

<4 OO> SEOUENCE: 3 4 

Cggc Cac C ca t CCtggagat 2O 

< 210 > SEQ IID NO 3 5 
&211s LENGTH: 21 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S77 

<4 OO> SEOUENCE: 35 

gggcct cagt t ct agacgag t 21 

< 210 > SEQ IID NO 3 6 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S77 

<4 OO> SEOUENCE: 36 

gttt ccg tga agtaggcgct 2O 

< 210 > SEQ IID NO 3 7 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S78 

<4 oo > SEOUENCE: 37 

aggcagaact aaacgttggc tit 22 

Apr. 28, 2016 
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< 210 > SEQ IID NO 3 8 
&211s LENGTH: 23 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S78 

<4 OO> SEOUENCE: 38 

tgCgga ac ag tiga Calatt tg tt C 23 

< 210 > SEQ IID NO 39 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S79 

<4 OO> SEOUENCE: 39 

Cagggagt gC titt actgagg ca 22 

< 210 > SEQ IID NO 4 0 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S79 

<4 OO> SEOUENCE: 4 O 

actcaaacac ggagctgggc 2O 

< 210 > SEQ IID NO 41 
&211s LENGTH: 23 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S8O 

<4 OO> SEOUENCE: 41 

aacttagctg ctcttgcttc agt 23 

< 210 > SEQ IID NO 42 
&211s LENGTH: 27 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S8O 

<4 OO> SEOUENCE: 42 

gtacctgoct taactcagta tgatctt 27 

< 210 > SEQ IID NO 43 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S82 

<4 OO> SEOUENCE: 43 
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<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S88 

<4 oo > SEOUENCE: 55 

tggittattgt tactaggit co coacc 25 

< 210 > SEQ IID NO 5 6 
&211s LENGTH: 26 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S88 

<4 OO> SEOUENCE: 56 

agaataagca agatgttggc agtgag 26 

< 210 > SEQ IID NO 57 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S90 

<4 oo > SEOUENCE: 57 

tiggttgaa Cg t CC ac aga ag ga 22 

< 210 > SEQ IID NO 58 
&211s LENGTH: 19 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S90 

<4 OO> SEOUENCE: 58 

caagcacacg tggctgctc 19 

< 210 > SEQ IID NO 59 
&211s LENGTH: 21 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S91 

<4 oo > SEOUENCE: 59 

gCagagggaa gagalagaggC a 21 

< 210 > SEQ IID INO 6 0 
&211s LENGTH: 25 

< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S91 

<4 OO> SEOUENCE: 6 O 

gcagtagata actctggctt to agc 25 

< 210 > SEQ IID INO 6 1 
&211s LENGTH: 23 
< 21-2 > TYPE : DNA 
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<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S92 

<4 OO> SEOUENCE: 61 

gtgagcag aa tccaagcttic agc 23 

< 210 > SEQ IID INO 62 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S92 

<4 OO> SEOUENCE: 62 

ccccaccctC ataaga accc t C 22 

< 210 > SEQ IID INO 63 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S94 

<4 OO> SEOUENCE: 63 

Ct9999 Caga gttggagagtic 2O 

< 210 > SEQ IID INO 64 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S94 

<4 OO> SEOUENCE: 64 

atccacct ct gaacco agcc 2O 

< 210 > SEQ IID INO 65 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S96 

<4 OO> SEOUENCE: 65 

tcccaggctc caggtcagat 2O 

< 210 > SEQ IID INO 6 6 
&211s LENGTH: 21 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S96 

<4 OO> SEOUENCE: 66 

ggat ca atgt ggc tgc t CCC t 21 

< 210 > SEQ IID INO 6 7 
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&211s LENGTH: 21 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S97 

<4 oo > SEOUENCE: 67 

agcc ct gc ac act cactit ac c 21 

< 210 > SEQ IID INO 68 
&211s LENGTH: 24 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S97 

<4 OO> SEOUENCE: 68 

tggcattcag atcatcaggc titct 24 

< 210 > SEQ IID INO 69 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S99 

< 4 OO SEQUENCE: 69 

SSgCaaaSgt.SS SCaaSSSt-Ct. 2O 

< 210 > SEQ IID INO 70 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S99 

<4 oo > SEOUENCE: 7 o 

gcct cc talaa gct tgagic ca ca 22 

< 210 > SEQ IID INO 71 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S102 

<4 OO> SEOUENCE: 71 

aacagtggca gcc ctcttgt 2O 

< 210 > SEQ IID INO 72 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S102 

<4 OO> SEOUENCE: 72 

a Cact tgg tt catggggt tg tg 22 
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< 210 > SEQ IID INO 73 
&211s LENGTH: 21 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S103 

<4 oo > SEOUENCE: 73 

ag cttt cittg citt ctg cc cc a 21 

< 210 > SEQ IID INO 7 4 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S103 

<4 OO> SEOUENCE: 74 

gggtgccatt gcc cagagat 2O 

< 210 > SEQ IID INO 75 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S105 

<4 oo > SEOUENCE: 75 

a CCC Caag ag gctttatagg gg 22 

< 210 > SEQ IID INO 76 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S105 

<4 oo > SEOUENCE: 76 

c citt cc ca ac ggg titt ga cc 2O 

< 210 > SEQ IID INO 77 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S107 

<4 oo > SEOUENCE: 77 

cittcccttgc ccctct tcca 2O 

< 210 > SEQ IID INO 78 
&211s LENGTH: 2O 

< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S107 

<4 oo > SEOUENCE: 78 

Apr. 28, 2016 



US 2016/01 15541 A1 
28 

- Continued 

tigct ctgtgg at CCCt ggag 2O 

< 210 > SEQ IID INO 79 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic forward amplification primer for 
target region containing SNP S108 

<4 oo > SEOUENCE: 79 

a cactc ctgc tgc gtigt ctg 2O 

< 210 > SEQ IID INO 80 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S108 

<4 OO> SEOUENCE: 8 O 

< 210 > SEQ IID INO 81 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 
<223 > OTHER INFORMATION: Synthetic forward amplification primer for 

target region containing SNP S110 

<4 OO> SEOUENCE: 81 

ggtc ct ac Cg aggtgggt ga 2O 

< 210 > SEQ IID INO 82 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223 > OTHER INFORMATION: Synthetic reverse amplification primer for 
target region containing SNP S110 

<4 OO> SEOUENCE: 82 

CattgC Caag gacagaggga ga 22 

< 210 > SEQ IID INO 83 
&211s LENGTH: 19 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S43 

<4 OO> SEOUENCE: 83 

tggaga Cggg t CC gCagag 19 

< 210 > SEQ IID INO 84 
&211s LENGTH: 19 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S43 
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<4 OO> SEOUENCE: 84 

tggC ac aggt gict Ct CCgg 

< 210 > SEQ IID INO 85 
&211s LENGTH: 25 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S46 

<4 OO> SEOUENCE: 85 

Ctgggagaga a ag aacaaac agCat 

< 210 > SEQ IID INO 8 6 
&211s LENGTH: 25 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S46 

<4 OO> SEOUENCE: 86 

cattit ccc ca a at gct cttt gitt ct 

< 210 > SEQ IID INO 87 
&211s LENGTH: 22 
< 212 - TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S38 

<4 oo > SEOUENCE: 87 

aaaagggggt ggtgt Caatig t C 

< 210 > SEQ IID INO 88 
&211s LENGTH: 22 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S38 

<4 OO> SEOUENCE: 88 

agggactgac att cacacca cc 

< 210 > SEQ IID INO 89 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S48 

<4 OO> SEOUENCE: 89 

Cgggag CC Ct gCg C'tt tg 

< 210 > SEQ IID NO 9 0 
&211s LENGTH: 21 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 

19 

25 

25 

22 

22 

18 
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containing SNP S48 

<4 OO> SEOUENCE: 90 

ttt C Catg ac aaa ccgcagg g 

< 210 > SEQ IID NO 9 1 
&211s LENGTH: 19 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S50 

<4 OO> SEOUENCE: 91 

cggitttitcgc. tcc.cgtgaa 

< 210 > SEQ IID NO 92 
&211s LENGTH: 19 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S50 

<4 OO> SEOUENCE: 92 

agt C Cattt C a Cg Cgagcg 

< 210 > SIEQ IID NO 93 
&211s LENGTH: 25 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S51 

<4 OO> SEOUENCE: 93 

cttt ag ctgC Caagaaggat Cagag 

< 210 > SEQ IID NO 9 4 
&211s LENGTH: 26 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S51 

<4 OO> SEOUENCE: 94 

agaatgtgtg ttct cact ct catcct 

< 210 > SEQ IID NO 95 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S53 

<4 oo > SEOUENCE: 95 

a99CCt-999t ggagaagt 

< 210 > SEQ IID NO 9 6 
&211s LENGTH: 21 

< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 

21 

19 

19 

25 

26 

18 
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< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S57 

<4 OO> SEOUENCE: 102 

cccagt aagg aatggagaaia ccaagta 27 

< 210 > SEQ IID INO 103 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S58 

<4 OO> SEOUENCE: 103 

atta Cagg Ca tgagCC ac Cg 2O 

< 210 > SEQ IID INO 104 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S58 

<4 OO> SEOUENCE: 104 

Caaggcacgg to ct cat 18 

< 210 > SEQ IID INO 105 
&211s LENGTH: 27 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S59 

<4 OO> SEOUENCE: 105 

attacatago titat cacttg cagagcc 27 

< 210 > SEQ IID INO 1 06 
&211s LENGTH: 21 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S59 

<4 OO> SEOUENCE: 106 

actic ctdgct ctdcaactga t 21 

< 210 > SEQ IID INO 1 07 
&211s LENGTH: 23 

< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S63 

<4 OO> SEOUENCE: 107 

aactggaagt aac acctgca cca 23 
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< 210 > SEQ IID INO 108 
&211s LENGTH: 21 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S63 

<4 OO> SEOUENCE: 108 

Cttga Ct Ctt g9tgCaCgtg t. 21 

< 210 > SEQ IID INO 109 
&211s LENGTH: 27 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S66 

<4 OO> SEOUENCE: 109 

aggat att gC tagagt ggag t Cagal ac 27 

< 210 > SEQ IID INO 110 
&211s LENGTH: 27 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S66 

<4 OO> SEOUENCE: 110 

accactgtta ttt gtt ct ca ctc cact 27 

< 210 > SEQ IID INO 111 
&211s LENGTH: 19 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S67 

<4 OO> SEOUENCE: 111 

cccg ac c citt a acct cccc 19 

< 210 > SEQ IID INO 112 
&211s LENGTH: 21 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S67 

<4 OO> SEOUENCE: 112 

tSSaqaSSSt. t-SSSSäCStt a 21 

< 210 > SEQ IID INO 113 
&211s LENGTH: 23 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S68 

<4 OO> SEOUENCE: 113 

agacacttgt gggact caga agg 23 
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SEQ IID NO 114 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S68 

SEQUENCE: 114 

a caa ctgt ct c ctgc tgt cc t 21 

SEQ IID NO 115 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S70 

SEQUENCE: 115 

accctcctgt actgcg ca c 19 

SEQ IID NO 116 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S70 

SEQUENCE: 116 

a cagtgaagg tgtgcc cagt 2O 

SEQ IID NO 117 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S77 

SEQUENCE: 117 

atgc t C ag Ca Cacagggga 19 

SEQ IID NO 118 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S77 

SEQUENCE: 118 

cactgct tcc ccc.gtgtg 18 

SEQ IID NO 119 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S78 

SEQUENCE: 119 

Apr. 28, 2016 



US 2016/01 15541 A1 
35 

- Continued 

atgc ag cttt ggc atgaggt 

SEQ IID NO 120 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S78 

SEQUENCE: 12O 

atgccaaagc cgcatatttt ctct 

SEQ IID NO 121 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S79 

SEQUENCE: 121 

ggcagcaggt g cCaag Ca 

SEQ IID NO 122 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S79 

SEQUENCE: 122 

aggCattact gct Cgg Cacc 

SEQ IID NO 123 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S80 

SEQUENCE: 123 

CCC agc agga a ag Cgagt C 

SEQ IID NO 124 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S80 

SEQUENCE: 124 

aagt aagaat cagac c cgct tt cc 

SEQ IID NO 1.25 
LENGTH: 2O 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S82 

24 

18 

19 

24 
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<4 OO> SEOUENCE: 125 

tgCa atgaga gCaigaggcct 

< 210 > SEQ IID INO 126 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S82 

<4 OO> SEOUENCE: 126 

catcgcago c ctc ctgca 

< 210 > SEQ IID INO 127 
&211s LENGTH: 24 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S83 

<4 OO> SEOUENCE: 127 

atac act ctg ttg ttgagtig c cac 

< 210 > SEQ IID INO 128 
& 211 LENGTH 26 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S83 

<4 OO> SEOUENCE: 128 

cagagcgt at gtatgaagtic cagagt 

< 210 > SEQ IID INO 1 29 
&211s LENGTH: 21 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S84 

<4 OO> SEOUENCE: 129 

CCCaCgggag gaatgt Cttt g 

< 210 > SEQ IID INO 13 O 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S84 

<4 OO> SEOUENCE: 130 

C C catggg ac tit Ctgg CC 

< 210 > SEQ IID INO 131 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

18 

24 

26 

21 

18 
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<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S85 

<4 OO> SEOUENCE: 131 

a Cacaa agtig gcc t CCCg 

< 210 > SEQ IID INO 132 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S85 

<4 OO> SEOUENCE: 132 

a Cagagtiggc Ct CCCgat 

< 210 > SEQ IID INO 133 
&211s LENGTH: 26 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S86 

<4 OO> SEOUENCE: 133 

aggaaagaaia cctttcagat gtcagt 

< 210 > SEQ IID INO 134 
&211s LENGTH: 26 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S86 

<4 OO> SEOUENCE: 134 

tgaggattaa ctgacatccg aaaggt 

< 210 > SEQ IID INO 135 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S87 

<4 OO> SEOUENCE: 135 

agg cittgt ac act ctc cccc 

< 210 > SEQ IID INO 136 
&211s LENGTH: 2O 

< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S87 

<4 OO> SEOUENCE: 136 

acactgggat giggggaaagt 

< 210 > SEQ IID INO 137 
&211s LENGTH: 23 
< 21-2 > TYPE : DNA 

18 

18 

26 

26 
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<213> ORGANISM: Artificia 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

containing SNP S88 

<4 OO> SEOUENCE: 137 

aggactittat tggggaggct gac 

< 210 > SEQ IID INO 138 
&211s LENGTH: 21 
< 21-2 > TYPE : DNA 
<213> ORGANISM: Artificia 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

containing SNP S88 

<4 OO> SEOUENCE: 138 

ctggaagcca aagt caccct c 

< 210 > SEQ IID INO 139 
&211s LENGTH: 19 
< 21-2 > TYPE : DNA 
<213> ORGANISM: Artificia 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

containing SNP S90 

<4 OO> SEOUENCE: 139 

Cagt gCCCt C tgC Caggala 

< 210 > SEQ IID INO 140 
&211s LENGTH: 19 
< 21-2 > TYPE : DNA 
<213> ORGANISM: Artificia 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

containing SNP S90 

<4 OO> SEOUENCE: 140 

gggccctgcc tgagcatag 

< 210 > SEQ IID INO 141 
&211s LENGTH: 23 
< 21-2 > TYPE : DNA 
<213> ORGANISM: Artificia 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

containing SNP S91 

<4 OO> SEOUENCE: 141 

cctc ct cc cc cca aaatttt agt 

< 210 > SEQ IID INO 142 
&211s LENGTH: 19 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificia 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

containing SNP S91 

<4 OO> SEOUENCE: 142 

tggggtgaggi aggactgga 

< 210 > SEQ IID INO 143 

38 

- Continued 

l Sequence 

synthetic SNP Probe A* for target region 

l Sequence 

synthetic SNP Probe B* for target region 

l Sequence 

synthetic SNP Probe A* for target region 

l Sequence 

synthetic SNP Probe B* for target region 

l Sequence 

synthetic SNP Probe A* for target region 

l Sequence 

synthetic SNP Probe B* for target region 

23 

21 

19 

19 

23 

19 
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&211s LENGTH: 19 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S92 

<4 OO> SEOUENCE: 143 

cc.cgcagttg cacagcttg 19 

< 210 > SEQ IID INO 144 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S92 

<4 OO> SEOUENCE: 144 

a ctg Cagg CC a Calaggtig 18 

< 210 > SEQ IID INO 145 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S94 

< 4 OO SEQUENCE: 145 

agga cactgc agctgtgg 18 

< 210 > SEQ IID INO 146 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S94 

<4 OO> SEOUENCE: 146 

cagogt cct c tdtgctacct 2O 

< 210 > SEQ IID INO 147 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S96 

<4 OO> SEOUENCE: 147 

tctic cqccct tctgagatgc 2O 

< 210 > SEQ IID INO 148 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S96 

<4 OO> SEOUENCE: 148 

agggcagaga ctctggaact 2O 
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SEQ IID NO 149 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S97 

SEQUENCE: 149 

c cat Caggtg Ctggcactic 19 

SEQ IID NO 15 O 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S97 

SEQUENCE: 150 

tgCaggga ag agCgCC ag 18 

SEQ IID NO 151 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S99 

SEQUENCE: 151 

ttqqqqCCag gta CCtgg 18 

SEQ IID NO 152 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S99 

SEQUENCE: 152 

tggggC Caag tac Ctggt 18 

SEQ IID NO 153 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S102 

SEQUENCE: 153 

tggccttat c tttggcccta a catg 25 

SEQ IID NO 154 
LENGTH: 23 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S102 

SEQUENCE: 154 
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aggcacat CC tacat citt ag ggC 

SEQ IID NO 155 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S103 

SEQUENCE: 155 

CCCt ggggCC at Caggt t 

SEQ IID NO 156 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S103 

SEQUENCE: 156 

CCCtggggcc at Caagttt 

SEQ IID NO 157 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 
OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S105 

SEQUENCE: 157 

CC actigggct g gCCCCt C 

SEQ IID NO 158 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S105 

SEQUENCE: 158 

agt ggaggag ggaccago 

SEQ IID NO 159 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe A* for target region 
containing SNP S107 

SEQUENCE: 159 

aggt tg tg tg alaagt gcc ct 

SEQ IID NO 1 6 0 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic SNP Probe B* for target region 
containing SNP S107 

23 

18 

19 

18 

18 
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- Continued 

<4 OO> SEOUENCE: 160 

agcc ct cagg gcaccttca 

SEQ IID NO 161 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 
containing SNP S108 

<400> SEQUENCE: 161 

SEQ IID NO 162 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 
containing SNP S108 

<400> SEQUENCE: 162 

atgct c c c ca caa ccagict 

SEQ IID NO 163 
LENGTH: 24 
TYPE DNA 
ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 
containing SNP S110 

<400> SEQUENCE: 163 

t.t.t.ggt aggg aaggaa Ct CC Caat. 

SEQ IID NO 164 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

containing SNP S110 

<4 OO> SEOUENCE: 164 

atCagtggCC attgtgagtt C C 

What is claimed is: 

1. A method of detecting a SNP from a donor to monitor 
transplant status of a recipient receiving tissue from said 
donor, the method comprising: 

(a) identifying that a SNP having a minor allele frequency 
of 0.20 or greater as homozygous in the recipient; 

(b) amplifying cell-free (cf DNA) from a serum or plasma 
sample obtained from the recipient at least 5 days after 
transplantation of material from donor to generate a cf 
library; 

(c) performing a digital PCR reaction for the SNPs identi 
fied in (a) to detect the presence of the alternative allele 
for one or more of the SNPs, and 

(d) selecting a SNP where the alternative SNP is present in 
the cf library to monitor transplant status of the patient. 

19 

synthetic SNP Probe A* for target region 

18 

synthetic SNP Probe B* for target region 

19 

synthetic SNP Probe A* for target region 

24 

synthetic SNP Probe B* for target region 

22 

2. The method of claim 1, wherein the SNP has a minor 
allele frequency of 0.40 or greater. 

3. The method of claim 1, wherein step (a) is performed 
using DNA isolated from peripheral blood leukocytes 
obtained from the patient. 

4. The method of claim 1, wherein step (a) is performed 
using the cflNA library of step (b). 

5. The method of any one of claims 1 to 4, wherein the SNP 
having a minor allege frequency of 0.20 or greater is a SNP set 
forth in Table 1. 

6. The method of any one of claims 1 to 5, wherein the SNP 
selected in (d) is homozygous in the donor. 

7. A method of detecting a SNP from a donor to monitor 
transplant status of a recipient receiving tissue from said 
donor, the method comprising: 
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(a) identifying that a SNP having a minor allele frequency 
of 0.20 or greater as homozygous in the recipient; 

(b) amplifying cell-free (cf)NA) from a blood sample 
obtained from the recipient 24hrs or less after transplan 
tation of graft material from donor to generate a cf 
library; 

(c) identifying a SNP having a minor allele frequency of 
0.20 or greater as homozygous in the donor using the cf 
library of step (b): 

(d) performing a digital PCR reaction for the SNPs identi 
fied in (a) to detect the presence of the alternative allele 
for one or more of the SNPs in the donor, and 

(e) selecting a SNP where the alternative SNP is homozy 
gous in the donor. 

8. The method of claim 7, wherein the SNP has a minor 
allele frequency of 0.40 or greater. 

9. The method of claim 7 or 8, wherein step (a) is performed 
using DNA isolated from peripheral blood leukocytes 
obtained from the patient. 

10. The method of claim 7, 8, or 9, wherein the SNP having 
a minor allele frequency of 0.20 or greater is a SNP set forth 
in Table 1. 

11. A method of detecting a SNP from a donor to monitor 
transplant status of a recipient receiving tissue from said 
donor DNA, the method comprising: 

(a) identifying at least one SNP having a minor allele 
frequency of 0.20 or greater as homozygous in a recipi 
ent using a DNA sample from the recipient from a source 
that is free of donor DNA from the patient; 

(b) identifying at least one SNP having a minor allele 
frequency of 0.20 or greater as homozygous in a recipi 
ent using a DNA sample obtained from donor cells or 
tissue; and 

(c) selecting a SNP that is homozygous in the recipient for 
which the donor has the alternative allele. 

12. The method of claim 11, wherein the donor is homozy 
gous for the alternative allele. 

13. The method of claim 11 or 12, wherein the DNA sample 
from the recipient from the source that is free of donor DNA 
is obtained from a PBL sample from the recipient. 

14. The method of any one of claims 11 to 13, wherein the 
SNP has a minor allele frequency of 0.40 or greater. 

15. The method of any one of claims 11 to 13, wherein step 
(a) comprises identifying the SNP alleles in the recipient for 
at least 5, 10, 15, 20, 25, 30, 35, or 40 of the SNPs shown in 
Table 1; and step (b) comprises identifying the SNP alleles in 
the donor for at least 5, 10, 15, 20, 25, 30, 35, or 40 of the 
SNPs shown in Table 1. 

16. The method of any one of claims 1 to 15, further 
comprising obtaining a cflNA sample from the recipient 
following transplantation of donor tissue; and 

quantifying the level of the donor SNP allele in the cfloNA 
sample. 

17. The method of claim 16, wherein the quantifying step 
comprises determining copy number of the donor SNP allele 
in the cfDNA sample. 

18. The method of claim 16, wherein the quantifying step 
comprises determining the percentage of the donor SNP 
allele in the cf. DNA sample. 
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19. The method of any one of claims 16, 17, or 18, wherein 
the transplanted material is a marginal organ. 

20. The method of any one of claims 16, 17, or 18, wherein 
the cfloNA sample is from a blood sample obtained ten days 
or longer following transplant. 

21. The method of any one of claims 16, 17, or 18, wherein 
the cf. DNA sample is from a blood sample obtained a year or 
longer following transplant. 

22. The method of claim 20 or 21, further comprising 
adjusting an administration schedule or dosage or of an 
immunosuppressive drug. 

23. The method of any one of claims 16, 17, 18, or 19, 
wherein the cfloNA sample is from a blood sample obtained 
within seven days of transplant. 

24. The method of any one of claims 16 to 23, wherein the 
donor tissue is a liver. 

25. The method of any one of claims 16 to 23, wherein the 
donor tissue is a heart. 

26. The method of any one of claims 16 to 23, wherein the 
donor tissue is a kidney. 

27. The method of any one of claims 16 to 21, further 
comprising detecting donor-specific antibodies in the blood 
of the recipient. 

28. Use of a method of claim 23 for detecting reperfusion 
damage to donor tissue in a transplant recipient. 

29. Use of a method of claim 24 for detecting damage to 
donor liver tissue by a hepatitis virus in a transplant recipient 

30. The use of a method of any one of claims 16, 17, or 18 
for determining the minimal effective dose of an immunosup 
pressive drug. 

31. The use of a method of any one of claims 16 to 26 for 
detecting transplant damage from donor-specific antibodies. 

32. The use of a method of any one of claims 16 to 26 for 
detecting a chronic transplant injury. 

33. Use of a method of claim 26 for detecting chronic graft 
nephropathy. 

34. Use of a method of claim 25, for detecting graft vascu 
lopathy. 

35. A method of monitoring rejection of a transplant in a 
transplant recipient, the method comprising: 

obtaining a cf)NA sample from the transplant recipient; 
and 

quantifying the amount of a donor SNP allele for a SNP 
selected in any one of claims 1 to 15. 

36. The method of claim 35, wherein the transplant is a 
marginal organ. 

37. The method of claim 35 or 36, wherein the transplant is 
monitored to detect reperfusion damage. 

38. The method of claim 35, wherein the transplant is 
monitored to determine the lowest effective dose of an immu 
nosuppressive drug. 

39. The method of claim 35, wherein the transplant is 
monitored to detect damage to the transplant from donor 
specific antibodies. 

40. The method of any one of claims 35 to 40, wherein the 
transplant is a liver, kidney, or heart. 
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