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natal diagnostics, including the detection of chromosomal 
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PROCESSES AND COMPOSITIONS FOR 
METHYLATION-BASED ENRICHMENT OF 
FETAL, NUCLECACID FROMA MATERNAL 
SAMPLE USEFUL FOR NON-INVASIVE 

PRENATAL DIAGNOSES 

RELATED APPLICATIONS 

0001. This patent application claims the benefit of U.S. 
Provisional Patent Application No. 61/671,628 filed on Jul. 
13, 2012, entitled PROCESSES AND COMPOSITIONS 
FOR METHYLATION-BASED ENRICHMENT OF 
FETAL, NUCLEICACID FROMA MATERNAL SAMPLE 
USEFUL FOR NON-INVASIVE PRENATAL DIAG 
NOSES, naming John Allen TYNAN and Mengjia TANG as 
inventors, and designated by Attorney Docket No. SEQ 
6022-PV2, and claims the benefit of U.S. Provisional Patent 
Application No. 61/721,929, filed on Nov. 2, 2012, entitled 
PROCESSES AND COMPOSITIONS FOR METHYLA 
TION-BASED ENRICHMENT OF FETAL, NUCLEIC 
ACID FROM A MATERNAL SAMPLE USEFUL FOR 
NON-INVASIVE PRENATAL DIAGNOSES, naming John 
Allen TYNAN and Grant HOGG as inventors, and designated 
by Attorney Docket No. SEQ-6022-PV3. The entire content 
of the foregoing applications are incorporated herein by ref 
erence, including all text, tables and drawings. 

SEQUENCE LISTING 
0002 The instant application contains a Sequence Listing 
which has been submitted in ASCII format via EFS-Web and 
is hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Sep. 3, 2013, is named SEQ-6022-UT2 SL. 
txt and is 437.311 bytes in size. 

FIELD 

0003. The technology in part relates to prenatal diagnos 
tics and enrichment methods. 

BACKGROUND 

0004 Non-invasive prenatal testing is becoming a field of 
rapidly growing interest. Early detection of pregnancy-re 
lated conditions, including complications during pregnancy 
and genetic defects of the fetus is of crucial importance, as it 
allows early medical intervention necessary for the safety of 
both the mother and the fetus. Prenatal diagnosis has been 
conducted using cells isolated from the fetus through proce 
dures such as chorionic Villus sampling (CVS) or amniocen 
tesis. However, these conventional methods are invasive and 
present an appreciable risk to both the mother and the fetus. 
The National Health Service currently cites a miscarriage rate 
of between 1 and 2 percent following the invasive amniocen 
tesis and chorionic villus sampling (CVS) tests. 
0005. An alternative to these invasive approaches has been 
developed for prenatal screening, e.g., to detecting fetal 
abnormalities, following the discovery that circulating cell 
free fetal nucleic acid can be detected in maternal plasma and 
serum (Lo et al., Lancet 350:485-487, 1997; and U.S. Pat. No. 
6.258,540). Circulating cell free fetal nucleic acid (cffNA) 
has several advantages making it more applicable for non 
invasive prenatal testing. For example, cell free nucleic acid is 
present at higher levels than fetal cells and at concentrations 
sufficient for genetic analysis. Also, cffNA is cleared from the 
maternal bloodstream within hours after delivery, preventing 
contamination from previous pregnancies. 

Apr. 3, 2014 

0006 Examples of prenatal tests performed by detecting 
fetal DNA in maternal plasma or serum include fetal rhesus D 
(RhD) genotyping (Lo et al., N. Engl.J.Med.339:1734-1738, 
1998), fetal sex determination (Costa et al., N. Engl. J. Med. 
346:1502, 2002), and diagnosis of several fetal disorders 
(Amicucci et al., Clin. Chem. 46:301-302, 2000; Saito et al., 
Lancet 356:1170, 2000; and Chiu et al., Lancet 360:998 
1000, 2002). In addition, quantitative abnormalities of fetal 
DNA in maternal plasma/serum have been reported in preec 
lampsia (Lo et al., Clin. Chem. 45:184-188, 1999 and Zhong 
et al., Am. J. Obstet. Gynecol. 184:414-419, 2001), fetal 
trisomy 21 (Lo et al., Clin. Chem. 45:1747-1751, 1999 and 
Zhong et al., Prenat. Diagn. 20:795-798, 2000) and hyper 
emesis gravidarum (Sekizawa et al., Clin. Chem. 47:2164 
2165, 2001). 

SUMMARY 

0007. The technology herein provides inter alia human 
epigenetic biomarkers that are useful for the noninvasive 
detection of fetal genetic traits, including, but not limited to, 
the presence or absence of fetal nucleic acid, the absolute or 
relative amount of fetal nucleic acid, fetal sex, and fetal chro 
mosomal abnormalities such as aneuploidy. The human epi 
genetic biomarkers of the technology herein represent 
genomic DNA that display differential CpG methylation pat 
terns between the fetus and mother. The compositions and 
processes of the technology herein allow for the detection and 
quantification offetal nucleic acid in a maternal sample based 
on the methylation status of the nucleic acid in said sample. 
More specifically, the amount of fetal nucleic acid from a 
maternal sample can be determined relative to the total 
amount of nucleic acid present, thereby providing the per 
centage of fetal nucleic acid in the sample. Further, the 
amount offetal nucleic acid can be determined in a sequence 
specific (or locus-specific) manner and with Sufficient sensi 
tivity to allow for accurate chromosomal dosage analysis (for 
example, to detect the presence or absence of a fetal aneup 
loidy). 
0008. In the first aspect of the technology herein, a method 

is provided for enriching fetal nucleic acids from a maternal 
biological sample, based on differential methylation between 
fetal and maternal nucleic acid comprising the steps of: (a) 
binding a target nucleic acid, from a sample, and a control 
nucleic acid, from the sample, to a methylation-specific bind 
ing protein; and (b) eluting the bound nucleic acid based on 
methylation status, where differentially methylated nucleic 
acids elute at least partly into separate fractions. In an 
embodiment, the nucleic acid sequence includes one or more 
of the polynucleotide sequences of SEQID NOs: 1-261. SEQ 
ID NOs: 1-261 are provided in Tables 4A-4C. The technology 
herein includes the sequences of SEQ ID NOs: 1-261, and 
variations thereto. In an embodiment, a control nucleic acid is 
not included in step (a). 
0009. In a related embodiment, a method is provided for 
enriching fetal nucleic acid from a maternal sample, which 
comprises the following steps: (a) obtaining a biological 
sample from a woman; (b) separating fetal and maternal 
nucleic acid based on the methylation status of a CpG-con 
taining genomic sequence in the sample, where the genomic 
sequence from the fetus and the genomic sequence from the 
woman are differentially methylated, thereby distinguishing 
the genomic sequence from the woman and the genomic 
sequence from the fetus in the sample. In an embodiment, the 
genomic sequence is at least 15 nucleotides in length, com 
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prising at least one cytosine, further where the region consists 
of (1) a genomic locus selected from Tables 1A-1C; and (2) a 
DNA sequence of no more than 10 kb upstream and/or down 
stream from the locus. For this aspect and all aspects of the 
technology herein, obtaining a biological sample from a 
woman is not meant to limit the scope of the technology 
herein. Said obtaining can refer to actually drawing a sample 
from a woman (e.g., a blood draw) or to receiving a sample 
from elsewhere (e.g., from a clinic or hospital) and perform 
ing the remaining steps of the method. 
0010. In a related embodiment, a method is provided for 
enriching fetal nucleic acid from a maternal sample, which 
comprises the following steps: (a) obtaining a biological 
sample from the woman; (b) digesting or removing maternal 
nucleic acid based on the methylation status of a CpG-con 
taining genomic sequence in the sample, where the genomic 
sequence from the fetus and the genomic sequence from the 
woman are differentially methylated, thereby enriching for 
the genomic sequence from the fetus in the sample. Maternal 
nucleic acid may be digested using one or more methylation 
sensitive restriction enzymes that selectively digest or cleave 
maternal nucleic acid based on its methylation status. In an 
embodiment, the genomic sequence is at least 15 nucleotides 
in length, comprising at least one cytosine, further where the 
region consists of (1) a genomic locus selected from Tables 
1A-1C; and (2) a DNA sequence of no more than 10 kb 
upstream and/or downstream from the locus. 
0011. In a second aspect of the technology herein, a 
method is provided for preparing nucleic acid having a nucle 
otide sequence of a fetal nucleic acid, which comprises the 
following steps: (a) providing a sample from a pregnant 
female; (b) separating fetal nucleic acid from maternal 
nucleic acid from the sample of the pregnant female accord 
ing to a different methylation state between the fetal nucleic 
acid and the maternal nucleic acid counterpart, where the 
nucleotide sequence of the fetal nucleic acid comprises one or 
more CpG sites from one or more of the polynucleotide 
sequences of SEQ ID NOs: 1-261 within a polynucleotide 
sequence from a gene or locus that contains one of the poly 
nucleotide sequences of SEQID NOs: 1-261; and (c) prepar 
ing nucleic acid comprising a nucleotide sequence of the fetal 
nucleic acid by an amplification process in which fetal 
nucleic acid separated in part (b) is utilized as a template. In 
an embodiment, a method is provided for preparing nucleic 
acid having a nucleotide sequence of a fetal nucleic acid, 
which comprises the following steps: (a) providing a sample 
from a pregnant female; (b) digesting or removing maternal 
nucleic acid from the sample of the pregnant female accord 
ing to a different methylation state between the fetal nucleic 
acid and the maternal nucleic acid counterpart, where the 
nucleotide sequence of the fetal nucleic acid comprises one or 
more CpG sites from one or more of the polynucleotide 
sequences of SEQ ID NOs: 1-261 within a polynucleotide 
sequence from a gene that contains one of the polynucleotide 
sequences of SEQID NOs: 1-261; and (c) preparing nucleic 
acid comprising a nucleotide sequence of the fetal nucleic 
acid. The preparing process of step (c) may be a hybridization 
process, a capture process, or an amplification process in 
which fetal nucleic acid separated in part (b) is utilized as a 
template. Also, in the above embodiment where maternal 
nucleic acid is digested, the maternal nucleic acid may be 
digested using one or more methylation sensitive restriction 
enzymes that selectively digest or cleave maternal nucleic 
acid based on its methylation status. In either embodiment, 
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the polynucleotide sequences of SEQID NOs: 1-261 may be 
within a polynucleotide sequence from a CpG island that 
contains one of the polynucleotide sequences of SEQ ID 
NOs: 1-261. The polynucleotide sequences of SEQID NOs: 
1-261 are further characterized in Tables 1-3 herein, includ 
ing the identification of CpG islands that overlap with the 
polynucleotide sequences provided in SEQID NOs: 1-261. In 
an embodiment, the nucleic acid prepared by part (c) is in 
Solution. In yet an embodiment, the method further comprises 
quantifying the fetal nucleic acid from the amplification pro 
cess of step (c). 
0012. In a third aspect of the technology herein, a method 

is provided for enriching fetal nucleic acid from a sample 
from a pregnant female with respect to maternal nucleic acid, 
which comprises the following steps: (a) providing a sample 
from a pregnant female; and (b) separating or capturing fetal 
nucleic acid from maternal nucleic acid from the sample of 
the pregnant female according to a different methylation state 
between the fetal nucleic acid and the maternal nucleic acid, 
where the nucleotide sequence of the fetal nucleic acid com 
prises one or more CpG sites from one or more of the poly 
nucleotide sequences of SEQID NOs: 1-261 within a poly 
nucleotide sequence from a gene that contains one of the 
polynucleotide sequences of SEQ ID NOs: 1-261. In an 
embodiment, the polynucleotide sequences of SEQID NOs: 
1-261 may be within a polynucleotide sequence from a CpG 
island that contains one of the polynucleotide sequences of 
SEQID NOs: 1-261. The polynucleotide sequences of SEQ 
ID NOs: 1-261 are characterized in Tables 1A-1C herein. In 
an embodiment, the nucleic acid separated by part (b) is in 
Solution. In yet an embodiment, the method further comprises 
amplifying and/or quantifying the fetal nucleic acid from the 
separation process of step (b). 
0013. In a fourth aspect of the technology herein, a com 
position is provided comprising an isolated nucleic acid from 
afetus of a pregnant female, where the nucleotide sequence of 
the nucleic acid comprises one or more of the polynucleotide 
sequences of SEQ ID NOs: 1-261. In one embodiment, the 
nucleotide sequence consists essentially of a nucleotide 
sequence of a gene, orportion thereof. In an embodiment, the 
nucleotide sequence consists essentially of a nucleotide 
sequence of a CpG island, or portion thereof. The polynucle 
otide sequences of SEQID NOs: 1-261 are further character 
ized in Tables 1A-1C. In an embodiment, the nucleic acid is in 
Solution. In an embodiment, the nucleic acid from the fetus is 
enriched relative to maternal nucleic acid. In an embodiment, 
the composition further comprises an agent that binds to 
methylated nucleotides. For example, the agent may be a 
methyl-CpG binding protein (MBD) or fragment thereof. 
0014. In a fifth aspect of the technology herein, a compo 
sition is provided comprising an isolated nucleic acid from a 
fetus of a pregnant female, where the nucleotide sequence of 
the nucleic acid comprises one or more CpG sites from one or 
more of the polynucleotide sequences of SEQID NOs: 1-261 
within a polynucleotide sequence from a gene, or portion 
thereof, that contains one of the polynucleotide sequences of 
SEQ ID NOs: 1-261. In an embodiment, the nucleotide 
sequence of the nucleic acid comprises one or more CpG sites 
from one or more of the polynucleotide sequences of SEQID 
NOs: 1-261 within a polynucleotide sequence from a CpG 
island, or portion thereof, that contains one of the polynucle 
otide sequences of SEQID NOs: 1-261. The polynucleotide 
sequences of SEQID NOs: 1-261 are further characterized in 
Tables 1A-1C. In an embodiment, the nucleic acid is in solu 
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tion. In an embodiment, the nucleic acid from the fetus is 
enriched relative to maternal nucleic acid. Hyper- and 
hypomethylated nucleic acid sequences of the technology 
herein are identified in Tables 1A-1C. In an embodiment, the 
composition further comprises an agent that binds to methy 
lated nucleotides. For example, the agent may be a methyl 
CpG binding protein (MBD) or fragment thereof. 
0015. In some embodiments, a nucleotide sequence of the 
technology herein includes three or more of the CpG sites. In 
an embodiment, the nucleotide sequence includes five or 
more of the CpG sites. In an embodiment, the nucleotide 
sequence is from a gene region that comprises a PRC2 
domain (see Table 3). In an embodiment, the nucleotide 
sequence is from a gene region involved with development. 
For example, SOX14 which is an epigenetic marker of the 
present technology (See Table 1A) is a member of the SOX 
(SRY-related HMG-box) family of transcription factors 
involved in the regulation of embryonic development and in 
the determination of cell fate. 

0016. In some embodiments, the genomic sequence from 
the woman is methylated and the genomic sequence from the 
fetus is unmethylated. In other embodiments, the genomic 
sequence from the woman is unmethylated and the genomic 
sequence from the fetus is methylated. In an embodiment, the 
genomic sequence from the fetus is hypermethylated relative 
to the genomic sequence from the mother. Fetal genomic 
sequences found to be hypermethylated relative to maternal 
genomic sequence are provided in SEQ ID NOs: 1-59, 
90-163, 176, 179, 180,184, 188, 189, 190, 191,193, 195, 198, 
199, 200, 201, 202, 203, 205, 206, 207, 208, 209, 210, 211, 
212, 213, 214, 221, 223, 225, 226, 231, 232, 233,235, 239, 
241, 257, 258, 259, and 261. Alternatively, the genomic 
sequence from the fetus is hypomethylated relative to the 
genomic sequence from the mother. Fetal genomic sequences 
found to be hypomethylated relative to maternal genomic 
sequence are provided in SEQID NOs: 60-85, 164, 165, 166, 
167, 168, 169, 170, 171, 172,173, 174, 175, 177, 178, 181, 
182, 183, 185, 186, 187, 192, 194, 196, 197, 204, 215, 216, 
217, 218, 219, 220, 222, 224, 227, 228, 229, 230, 234, 236, 
237,238,240, 242, 243, 244, 245, 246, 247, 248, 249, 250, 
251, 252,253,254, 255, 256, and 260. Methylation sensitive 
restriction enzymes of the technology herein may be sensitive 
to hypo- or hyper-methylated nucleic acid. 
0017. In an embodiment, the fetal nucleic acid is extracel 
lular nucleic acid. Generally the extracellular fetal nucleic 
acid is about 500, 400, 300, 250, 200 or 150 (or any number 
there between) nucleotide bases or less. In an embodiment, 
the digested maternal nucleic acid is less than about 90, 100, 
110, 120, 130, 140 or 150 base pairs. In a related embodiment, 
the fetal nucleic acid is selectively amplified, captured or 
separated from or relative to the digested maternal nucleic 
acid based on size. For example, PCR primers may be 
designed to amplify nucleic acid greater than about 75,80, 85, 
90, 95, 100, 105, 110, 115 or 120 (or any number there 
between) base pairs thereby amplifying fetal nucleic acid and 
not digested maternal nucleic acid. In an embodiment, the 
nucleic acid is Subjected to fragmentation prior to the meth 
ods of the technology herein. Examples of methods of frag 
menting nucleic acid, include but are not limited to Sonication 
and restriction enzyme digestion. In some embodiments the 
fetal nucleic acid is derived from the placenta. In other 
embodiments the fetal nucleic acid is apoptotic. 
0018. In some embodiments, the present technology pro 
vides a method in which the sample is a member selected 
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from the following: maternal whole blood, maternal plasma 
or serum, amniotic fluid, a chorionic villus sample, biopsy 
material from a pre-implantation embryo, fetal nucleated 
cells or fetal cellular remnants isolated from maternal blood, 
maternal urine, maternal saliva, washings of the female repro 
ductive tract and a sample obtained by celocentesis or lung 
lavage. In certain embodiments, the biological sample is 
maternal blood. In some embodiments, the biological sample 
is a chorionic Villus sample. In certain embodiments, the 
maternal sample is enriched for fetal nucleic acid prior to the 
methods of the present technology. Examples of fetal enrich 
ment methods are provided in PCT Publication Nos. 
WO/2007 140417A2, WO2009/032781A2 and US Publica 
tion No. 2005O164241. 

0019. In some embodiments, all nucleated and anucleated 
cell populations are removed from the sample prior to prac 
ticing the methods of the technology herein. In some embodi 
ments, the sample is collected, stored or transported in a 
manner known to the person of ordinary skill in the art to 
minimize degradation or the quality of fetal nucleic acid 
present in the sample. 
0020. The sample can be from any animal, including but 
not limited, human, non-human, mammal, reptile, cattle, cat, 
dog, goat, Swine, pig, monkey, ape, gorilla, bull, cow, bear, 
horse, sheep, poultry, mouse, rat, fish, dolphin, whale, and 
shark, or any animal or organism that may have a detectable 
pregnancy-associated disorder or chromosomal abnormality. 
0021. In some embodiments, the sample is treated with a 
reagent that differentially modifies methylated and unmethy 
lated DNA. For example, the reagent may comprise bisulfite: 
or the reagent may comprise one or more enzymes that pref 
erentially cleave methylated DNA; or the reagent may com 
prise one or more enzymes that preferentially cleave unm 
ethylated DNA. Examples of methylation sensitive restriction 
enzymes include, but are not limited to, Hhal and HpaII. 
0022. In one embodiment, the fetal nucleic acid is sepa 
rated from the maternal nucleic acid by an agent that specifi 
cally binds to methylated nucleotides in the fetal nucleic acid. 
In an embodiment, the fetal nucleic acid is separated or 
removed from the maternal nucleic acid by an agent that 
specifically binds to methylated nucleotides in the maternal 
nucleic acid counterpart. In an embodiment, the agent that 
binds to methylated nucleotides is a methyl-CpG binding 
protein (MBD) or fragment thereof. 
0023. In a sixth aspect of the technology herein, a method 

is provided for determining the amount or copy number of 
fetal DNA in a maternal sample that comprises differentially 
methylated maternal and fetal DNA. The method is per 
formed by a) distinguishing between the maternal and fetal 
DNA based on differential methylation status; and b) quanti 
fying the fetal DNA of step a). In a specific embodiment, the 
method comprises a) digesting the maternal DNA in a mater 
nal sample using one or more methylation sensitive restric 
tion enzymes thereby enriching the fetal DNA; and b) deter 
mining the amount of fetal DNA from step a). The amount of 
fetal DNA can be used interalia to confirm the presence or 
absence of fetal nucleic acid, determine fetal sex, diagnose 
fetal disease or a pregnancy-associated disorder, or be used in 
conjunction with other fetal diagnostic methods to improve 
sensitivity or specificity. In one embodiment, the method for 
determining the amount offetal DNA does not require the use 
of a polymorphic sequence. For example, an allelic ratio is not 
used to quantify the fetal DNA in step b). In an embodiment, 
the method for determining the amount offetal DNA does not 
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require the treatment of DNA with bisulfite to convert 
cytosine residues to uracil. Bisulfite is known to degrade 
DNA, thereby, further reducing the already limited fetal 
nucleic acid present in maternal samples. In one embodiment, 
determining the amount of fetal DNA in step b) is done by 
introducing one or more competitors at known concentra 
tions. In an embodiment, determining the amount of fetal 
DNA in step b) is done by RT-PCR, primer extension, 
sequencing or counting. In a related embodiment, the amount 
of nucleic acid is determined using BEAMing technology as 
described in US Patent Publication No. US20070065823. In 
another related embodiment, the amount of nucleic acid is 
determined using the shotgun sequencing technology 
described in US Patent Publication No. US20090029377 
(U.S. application Ser. No. 12/178,181), or variations thereof. 
In an embodiment, the restriction efficiency is determined 
and the efficiency rate is used to further determine the amount 
of fetal DNA. Exemplary differentially methylated nucleic 
acids are provided in SEQID NOs: 1-261. 
0024. In a seventh aspect of the technology herein, a 
method is provided for determining the concentration of fetal 
DNA in a maternal sample, where the maternal sample com 
prises differentially methylated maternal and fetal DNA, 
comprising a) determining the total amount of DNA present 
in the maternal sample; b) selectively digesting the maternal 
DNA in a maternal sample using one or more methylation 
sensitive restriction enzymes thereby enriching the fetal 
DNA; c) determining the amount of fetal DNA from step b); 
and d) comparing the amount offetal DNA from step c) to the 
total amount of DNA from step a), thereby determining the 
concentration of fetal DNA in the maternal sample. The con 
centration of fetal DNA can be used interalia in conjunction 
with other fetal diagnostic methods to improve sensitivity or 
specificity. In one embodiment, the method for determining 
the amount of fetal DNA does not require the use of a poly 
morphic sequence. For example, an allelic ratio is not used to 
quantify the fetal DNA in step b). In an embodiment, the 
method for determining the amount of fetal DNA does not 
require the treatment of DNA with bisulfite to convert 
cytosine residues to uracil. In one embodiment, determining 
the amount offetal DNA in step b) is done by introducing one 
or more competitors at known concentrations. In an embodi 
ment, determining the amount offetal DNA in step b) is done 
by RT-PCR, sequencing or counting. In an embodiment, the 
restriction efficiency is determined and used to further deter 
mine the amount of total DNA and fetal DNA. Exemplary 
differentially methylated nucleic acids are provided in SEQ 
ID NOS: 1-261. 

0025. In an eighth aspect of the technology herein, a 
method is provided for determining the presence or absence 
of a fetal aneuploidy using fetal DNA from a maternal 
sample, where the maternal sample comprises differentially 
methylated maternal and fetal DNA, comprising a) selec 
tively digesting the maternal DNA in a maternal sample using 
one or more methylation sensitive restriction enzymes 
thereby enriching the fetal DNA; b) determining the amount 
of fetal DNA from a target chromosome; c) determining the 
amount of fetal DNA from a reference chromosome; and d) 
comparing the amount of fetal DNA from step b) to step c), 
where a biologically or statistically significant difference 
between the amount of target and reference fetal DNA is 
indicative of the presence of a fetal aneuploidy. In one 
embodiment, the method for determining the amount of fetal 
DNA does not require the use of a polymorphic sequence. For 
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example, an allelic ratio is not used to quantify the fetal DNA 
in step b). In an embodiment, the method for determining the 
amount of fetal DNA does not require the treatment of DNA 
with bisulfite to convert cytosine residues to uracil. In one 
embodiment, determining the amount offetal DNA in steps b) 
and c) is done by introducing one or more competitors at 
known concentrations. In an embodiment, determining the 
amount of fetal DNA in steps b) and c) is done by RT-PCR, 
sequencing or counting. In an embodiment, the amount of 
fetal DNA from a target chromosome determined in step b) is 
compared to a standard control, for example, the amount of 
fetal DNA from a target chromosome from euploid pregnan 
cies. In an embodiment, the restriction efficiency is deter 
mined and used to further determine the amount offetal DNA 
from a target chromosome and from a reference chromosome. 
Exemplary differentially methylated nucleic acids are pro 
vided in SEQID NOs: 1-261. 
0026. In a ninth aspect of the technology herein, a method 

is provided for detecting the presence or absence of a chro 
mosomal abnormality by analyzing the amount or copy num 
ber of target nucleic acid and control nucleic acid from a 
sample of differentially methylated nucleic acids comprising 
the steps of: (a) enriching a target nucleic acid, from a sample, 
and a control nucleic acid, from the sample, based on its 
methylation state; (b) performing a copy number analysis of 
the enriched target nucleic acid in at least one of the fractions; 
(c) performing a copy number analysis of the enriched control 
nucleic acid in at least one of the fractions; (d) comparing the 
copy number from step (b) with the copy number from step 
(c); and (e) determining if a chromosomal abnormality exists 
based on the comparison in step (d), where the target nucleic 
acid and control nucleic acid have the same or Substantially 
the same methylation status. In a related embodiment, a 
method is provided for detecting the presence or absence of a 
chromosomal abnormality by analyzing the amount or copy 
number of target nucleic acid and control nucleic acid from a 
sample of differentially methylated nucleic acids comprising 
the steps of: (a) binding a target nucleic acid, from a sample, 
and a control nucleic acid, from the sample, to a binding 
agent; (b) eluting the bound nucleic acid based on methyla 
tion status, where differentially methylated nucleic acids 
elute at least partly into separate fractions; (c) performing a 
copy number analysis of the eluted target nucleic acid in at 
least one of the fractions; (d) performing a copy number 
analysis of the eluted control nucleic acid in at least one of the 
fractions; (e) comparing the copy number from step (c) with 
the copy number from Step (d); and (f) determining if a 
chromosomal abnormality exists based on the comparison in 
step (e), where the target nucleic acid and control nucleic acid 
have the same or Substantially the same methylation status. 
Differentially methylated nucleic acids are provided in SEQ 
ID NOS: 1-261. 

0027. In a tenth aspect of the technology herein, a method 
is provided for detecting the presence or absence of a chro 
mosomal abnormality by analyzing the allelic ratio of target 
nucleic acid and control nucleic acid from a sample of differ 
entially methylated nucleic acids comprising the steps of: (a) 
binding a target nucleic acid, from a sample, and a control 
nucleic acid, from the sample, to a binding agent; (b) eluting 
the bound nucleic acid based on methylation status, where 
differentially methylated nucleic acids elute at least partly 
into separate fractions; (c) performing an allelic ratio analysis 
of the eluted target nucleic acid in at least one of the fractions; 
(d) performing an allelic ratio analysis of the eluted control 
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nucleic acid in at least one of the fractions; (e) comparing the 
allelic ratio from step c with the all from step d, and (f) 
determining if a chromosomal abnormality exists based on 
the comparison in step (e), where the target nucleic acid and 
control nucleic acid have the same or Substantially the same 
methylation status. Differentially methylated nucleic acids 
are provided in SEQ ID NOs: 1-261, and SNPs within the 
differentially methylated nucleic acids are provided in Table 
2. The methods may also be useful for detecting a pregnancy 
associated disorder. 

0028. In an eleventh aspect of the technology herein, the 
amount of maternal nucleic acid is determined using the 
methylation-based methods of the technology herein. For 
example, fetal nucleic acid can be separated (for example, 
digested using a methylation-sensitive enzyme) from the 
maternal nucleic acid in a sample, and the maternal nucleic 
acid can be quantified using the methods of the technology 
herein. Once the amount of maternal nucleic acid is deter 
mined, that amount can Subtracted from the total amount of 
nucleic acid in a sample to determine the amount of fetal 
nucleic acid. The amount of fetal nucleic acid can be used to 
detect fetal traits, including fetal aneuploidy, as described 
herein. 

0029. For all aspects and embodiments of the technology 
described herein, the methods may also be useful for detect 
ing a pregnancy-associated disorder. In some embodiments, 
the sample comprises fetal nucleic acid, or fetal nucleic acid 
and maternal nucleic acid. In the case when the sample com 
prises fetal and maternal nucleic acid, the fetal nucleic acid 
and the maternal nucleic acid may have a different methyla 
tion status. Nucleic acid species with a different methylation 
status can be differentiated by any method known in the art. In 
an embodiment, the fetal nucleic acid is enriched by the 
selective digestion of maternal nucleic acid by a methylation 
sensitive restriction enzyme. In an embodiment, the fetal 
nucleic acid is enriched by the selective digestion of maternal 
nucleic acid using two or more methylation sensitive restric 
tion enzymes in the same assay. In an embodiment, the target 
nucleic acid and control nucleic acid are both from the fetus. 
In an embodiment, the average size of the fetal nucleic acid is 
about 100 bases to about 500 bases in length. In an embodi 
ment the chromosomal abnormality is an aneuploidy, such as 
trisomy 21. In some embodiments, the target nucleic acid is at 
least a portion of a chromosome which may be abnormal and 
the control nucleic acid is at least a portion of a chromosome 
which is very rarely abnormal. For example, when the target 
nucleic acid is from chromosome 21, the control nucleic acid 
is from a chromosome other than chromosome 21—prefer 
ably another autosome. In an embodiment, the binding agent 
is a methylation-specific binding protein such as MBD-Fc. 
Also, the enriched or eluted nucleic acid is amplified and/or 
quantified by any method known in the art. In an embodiment, 
the fetal DNA is quantified using a method that does not 
require the use of a polymorphic sequence. For example, an 
allelic ratio is not used to quantify the fetal DNA. In an 
embodiment, the method for quantifying the amount of fetal 
DNA does not require the treatment of DNA with bisulfite to 
convert cytosine residues to uracil. 
0030. In some embodiments, the methods of the technol 
ogy herein include the additional step of determining the 
amount of one or more Y-chromosome-specific sequences in 
a sample. In a related embodiment, the amount offetal nucleic 
acid in a sample as determined by using the methylation 
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based methods of the technology herein is compared to the 
amount of Y-chromosome nucleic acid present. 
0031 Methods for differentiating nucleic acid based on 
methylation status include, but are not limited to, methylation 
sensitive capture, for example using, MBD2-Fc fragment; 
bisulfite conversion methods, for example, MSP (methyla 
tion-sensitive PCR), COBRA, methylation-sensitive single 
nucleotide primer extension (Ms-SNuPE) or Sequenom 
MassCLEAVETM technology; and the use of methylation sen 
sitive restriction enzymes. Except where explicitly stated, any 
method for differentiating nucleic acid based on methylation 
status can be used with the compositions and methods of the 
technology herein. 
0032. In some embodiments, methods of the technology 
herein may further comprise an amplification step. The 
amplification step can be performed by PCR, such as methy 
lation-specific PCR. In an embodiment, the amplification 
reaction is performed on single molecules, for example, by 
digital PCR, which is further described in U.S. Pat. Nos. 
6,143,496 and 6,440,706, both of which are hereby incorpo 
rated by reference. In other embodiments, the method does 
not require amplification. For example, the amount of 
enriched fetal DNA may be determined by counting the fetal 
DNA (or sequence tags attached thereto) with a flow cytom 
eter or by sequencing means that do not require amplification. 
In an embodiment, the amount offetal DNA is determined by 
an amplification reaction that generates amplicons larger than 
the digested maternal nucleic acid, thereby further enriching 
the fetal nucleic acid. 

0033. In some embodiments, the fetal nucleic acid (alone 
or in combination with the maternal nucleic acid) comprises 
one or more detection moieties. In one embodiment, the 
detection moiety may be any one or more of a compomer, 
Sugar, peptide, protein, antibody, chemical compound (e.g., 
biotin), mass tag (e.g., metal ions or chemical groups), fluo 
rescent tag, charge tag (e.g., Such as polyamines or charged 
dyes) and hydrophobic tag. In a related embodiment, the 
detection moiety is a mass-distinguishable product (MDP) or 
part of an MDP detected by mass spectrometry. In a specific 
embodiment, the detection moiety is a fluorescent tag or label 
that is detected by mass spectrometry. In some embodiments, 
the detection moiety is at the 5' end of a detector oligonucle 
otide, the detection moiety is attached to a non-complemen 
tary region of a detector oligonucleotide, or the detection 
moiety is at the 5' terminus of a non-complementary 
sequence. In certain embodiments, the detection moiety is 
incorporated into or linked to an internal nucleotide or to a 
nucleotide at the 3' end of a detector oligonucleotide. In some 
embodiments, one or more detection moieties are used either 
alone or in combination. See for example US Patent Appli 
cations US2008O305479 and US200901 11712. In certain 
embodiments, a detection moiety is cleaved by a restriction 
endonuclease, for example, as described in U.S. application 
Ser. No. 12/726,246. In some embodiments, a specific target 
chromosome is labeled with a specific detection moiety and 
one or more non-target chromosomes are labeled with a dif 
ferent detection moiety, whereby the amount target 
chromsome can be compared to the amount of non-target 
chromosome. 
0034) For embodiments that require sequence analysis, 
any one of the following sequencing technologies may be 
used: a primer extension method (e.g., iPLEX(R); Sequenom, 
Inc.), direct DNA sequencing, restriction fragment length 
polymorphism (RFLP analysis), real-time PCR, for example 
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using “STAR” (Scalable Transcription Analysis Routine) 
technology (see U.S. Pat. No. 7,081.339), or variations 
thereof, allele specific oligonucleotide (ASO) analysis, 
methylation-specific PCR (MSPCR), pyrosequencing analy 
sis, acycloprime analysis, Reverse dot blot, GeneChip 
microarrays, Dynamicallele-specific hybridization (DASH), 
Peptide nucleic acid (PNA) and locked nucleic acids (LNA) 
probes, TaqMan, Molecular Beacons, Intercalating dye, 
FRET primers, fluorescence tagged dNTP/ddNTPs, AlphaS 
creen, SNPstream, genetic bit analysis (GBA), Multiplex 
minisequencing, SNaPshot, GOOD assay, Microarray 
miniseq, arrayed primer extension (APEX), Microarray 
primer extension, Tag arrays, Coded microspheres, Template 
directed incorporation (TDI), fluorescence polarization, 
Colorimetric oligonucleotide ligation assay (OLA), 
Sequence-coded OLA, Microarray ligation, Ligase chain 
reaction, Padlock probes, InvaderTM assay, hybridization 
using at least one probe, hybridization using at least one 
fluorescently labeled probe, electrophoresis, cloning and 
sequencing, for example as performed on the 454 platform 
(Roche) (Margulies, M. et al. 2005 Nature 437, 376-380), 
IIlumina Genome Analyzer (or Solexa platform) or SOLiD 
System (Applied Biosystems) or the Helicos True Single 
Molecule DNA sequencing technology (Harris T D et al. 
2008 Science, 320, 106-109), the single molecule, real-time 
(SMRTTM) technology of Pacific Biosciences, or nanopore 
based sequencing (Soni G V and Meller A. 2007 Clin Chem 
53: 1996-2001), for example, using an Ion Torrention sensor 
that measures an electrical charge associated with each indi 
vidual base of DNA as each base passes through a tiny pore at 
the bottom of a sample well, or Oxford Nanopore device that 
uses a nanopore to measure the electrical charge associated 
with each individual unit of DNA, and combinations thereof. 
Nanopore-based methods may include sequencing nucleic 
acid using a nanopore, or counting nucleic acid molecules 
using a nanopore, for example, based on size where sequence 
information is not determined. 

0035. The absolute copy number of one or more nucleic 
acids can be determined, for example, using mass spectrom 
etry, a system that uses a competitive PCR approach for 
absolute copy number measurements. See for example, Ding 
C, Cantor CR (2003) A high-throughput gene expression 
analysis technique using competitive PCR and matrix-as 
sisted laser desorption ionization time-of-flight MS. Proc 
Natl AcadSci USA 100:3059-3064, and U.S. patent applica 
tion Ser. No. 10/655,762, which published as US Patent Pub 
lication No. 20040081993, both of which are hereby incor 
porated by reference. 
0036. In some embodiments, the amount of the genomic 
sequence is compared with a standard control, where an 
increase or decrease from the standard control indicates the 
presence or progression of a pregnancy-associated disorder. 
For example, the amount of fetal nucleic acid may be com 
pared to the total amount of DNA present in the sample. Or 
when detecting the presence or absence of fetal aneuploidy, 
the amount offetal nucleic acid from target chromosome may 
be compared to the amount of fetal nucleic acid from a ref 
erence chromosome. Preferably the reference chromosome is 
another autosome that has a low rate of aneuploidy. The ratio 
of target fetal nucleic acid to reference fetal nucleic acid may 
be compared to the same ratio from a normal, euploid preg 
nancy. For example, a control ratio may be determined from 
a DNA sample obtained from a female carrying a healthy 
fetus who does not have a chromosomal abnormality. Prefer 
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ably, one uses a panel of control samples. Where certain 
chromosome anomalies are known, one can also have stan 
dards that are indicative of a specific disease or condition. 
Thus, for example, to screen for three different chromosomal 
aneuploidies in a maternal plasma of a pregnant female, one 
preferably uses a panel of control DNAs that have been iso 
lated from mothers who are known to carry a fetus with, for 
example, chromosome 13, 18, or 21 trisomy, and a mother 
who is pregnant with a fetus who does not have a chromo 
Somal abnormality. 
0037. In some embodiments, the present technology pro 
vides a method in which the alleles from the target nucleic 
acid and control nucleic acid are differentiated by sequence 
variation. The sequence variation may be a single nucleotide 
polymorphism (SNP) or an insertion/deletion polymorphism. 
In some embodiments, the fetal nucleic acid should comprise 
at least one high frequency heterozygous polymorphism (e.g., 
about 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 
13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 35%, 
40%, 45%, 50%, 55%, 60% or more frequency rate), which 
allows the determination of the allelic-ratio of the nucleic acid 
in order to assess the presence or absence of the chromosomal 
abnormality. Lists of example SNPs are provided in Table 2, 
Table 9 and Table 10, however, these do not represent a 
complete list of polymorphicalleles that can be used as part of 
the technology herein. In some embodiments, any SNP meet 
ing the following criteria, for example, may also be consid 
ered: (a) the SNP has a heterozygosity frequency greater than 
about 2% (preferably across a range of different populations), 
(b) the SNP is a heterozygous locus; and (c)(i) the SNP is 
within a nucleic acid sequence described herein, or (c)(iii) the 
SNP is within about 5 to about 2000 base pairs of a SNP 
described herein (e.g., within about 5, 10, 15, 20, 25, 30, 40, 
50,60, 70, 80,90, 100,200,300,400,500, 600, 700, 800,900, 
1000, 1250, 1500, 1750 or 2000 base pairs of a SNP described 
herein). In some cases, SNPs are selected by other criteria 
described in further detail herein. 

0038. In other embodiments, the sequence variation is a 
short tandem repeat (STR) polymorphism. In some embodi 
ments, the sequence variation falls in a restriction site, 
whereby one allele is susceptible to digestion by a restriction 
enzyme and the one or more other alleles are not. In some 
embodiments, the sequence variation is a methylation site. 
0039. In some embodiments, performing an allelic ratio 
analysis comprises determining the ratio of alleles of the 
target nucleic acid and control nucleic acid from the fetus of 
a pregnant woman by obtaining an nucleic acid-containing 
biological sample from the pregnant woman, where the bio 
logical sample contains fetal nucleic acid, partially or wholly 
separating the fetal nucleic acid from the maternal nucleic 
acid based on differential methylation, discriminating the 
alleles from the target nucleic acid and the control nucleic 
acid, followed by determination of the ratio of the alleles, and 
detecting the presence or absence of a chromosomal disorder 
in the fetus based on the ratio of alleles, where a ratio above or 
below a normal, euploid ratio is indicative of a chromosomal 
disorder. In one embodiment, the target nucleic acid is from a 
Suspected aneuploid chromosome (e.g., chromosome 21) and 
the control nucleic acid is from a euploid chromosome from 
the same fetus. 

0040. In some embodiments, the present technology is 
combined with other fetal markers to detect the presence or 
absence of multiple chromosomal abnormalities, where the 
chromosomal abnormalities are selected from the following: 
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trisomy 21, trisomy 18 and trisomy 13, or combinations 
thereof. In some embodiments, the chromosomal disorder 
involves the X chromosome or the Y chromosome. 

0041. In some embodiments, the compositions or pro 
cesses may be multiplexed in a single reaction. For example, 
the amount of fetal nucleic acid may be determined at mul 
tiple loci across the genome. Or when detecting the presence 
or absence of fetal aneuploidy, the amount of fetal nucleic 
acid may be determined at multiple loci on one or more target 
chromosomes (e.g., chromosomes 13, 18 or 21) and on one or 
more reference chromosomes. If an allelic ratio is being used, 
one or more alleles from Table 2, Table 9, and/or Table 10 can 
be detected and discriminated simultaneously. When deter 
mining allelic ratios, multiplexing embodiments are particu 
larly important when the genotype at a polymorphic locus is 
not known. In some instances, for example when the mother 
and child are homozygous at the polymorphic locus, the assay 
may not be informative. In one embodiment, greater than 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 
30, 35, 40, 50, 100, 200, 300 or 500, and any intermediate 
levels, polynucleotide sequences of the technology herein are 
enriched, separated and/or examined according the methods 
of the technology. When detecting a chromosomal abnormal 
ity by analyzing the copy number of target nucleic acid and 
control nucleic acid, less than 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
or 14 polynucleotide sequences may need to be analyzed to 
accurately detect the presence or absence of a chromosomal 
abnormality. In an embodiment, the compositions or pro 
cesses of the technology herein may be used to assay samples 
that have been divided into 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 50, 100 or more 
replicates, or into single molecule equivalents. Methods for 
analyzing fetal nucleic acids from a maternal sample in rep 
licates, including single molecule analyses, are provided in 
U.S. application Ser. No. 1 1/364,294, which published as US 
Patent Publication No. US 2007-0207466 A1, which is 
hereby incorporated by reference. 
0042. In a further embodiment, the present technology 
provides a method where a comparison step shows an 
increased risk of a fetus having a chromosomal disorder if the 
ratio of the alleles or absolute copy number of the target 
nucleic acid is higher or lower by 1 standard deviation from 
the standard control sequence. In some embodiments, the 
comparison step shows an increased risk of a fetus having a 
chromosomal disorder if the ratio of the alleles or absolute 
copy number of the target nucleic acid is higher or lower by 2 
standard deviations from the standard control sequence. In 
Some other embodiments, the comparison step shows an 
increased risk of a fetus having a chromosomal disorder if the 
ratio of the alleles or absolute copy number of the target 
nucleic acid is higher or lower by 3 standard deviations from 
the standard control sequence. In some embodiments, the 
comparison step shows an increased risk of a fetus having a 
chromosomal disorder if the ratio of the alleles or absolute 
copy number of the target nucleic acid is higher or lower than 
a statistically significant standard deviation from the control. 
In one embodiment, the standard control is a maternal refer 
ence, and in an embodiment the standard control is a fetal 
reference chromosome (e.g., non-trisomic autosome). 
0043. In some embodiments, the methods of the technol 
ogy herein may be combined with other methods for diagnos 
ing a chromosomal abnormality. For example, a noninvasive 
diagnostic method may require confirmation of the presence 
or absence of fetal nucleic acid, such as a sex test for a female 

Apr. 3, 2014 

fetus or to confirm an RhD negative female fetus in an RhD 
negative mother. In an embodiment, the compositions and 
methods of the technology herein may be used to determine 
the percentage of fetal nucleic acid in a maternal sample in 
order to enable another diagnostic method that requires the 
percentage offetal nucleic acid be known. For example, does 
a sample meet certain threshold concentration requirements? 
When determining an allelic ratio to diagnose a fetal aneup 
loidy from a maternal sample, the amount or concentration of 
fetal nucleic acid may be required to make a diagnose with a 
given sensitivity and specificity. In other embodiments, the 
compositions and methods of the technology herein for 
detecting a chromosomal abnormality can be combined with 
other known methods thereby improving the overall sensitiv 
ity and specificity of the detection method. For example, 
mathematical models have Suggested that a combined first 
trimester screening program utilizing maternal age (MA), 
nuchal translucency (NT) thickness, serum-free beta-hCG, 
and serum PAPP-A will detect more than 80% of fetuses with 
Down's syndrome for a 5% invasive testing rate (Wald and 
Hackshaw, Prenat Diagn 17(9): 921-9 (1997)). However, the 
combination of commonly used aneuploidy detection meth 
ods combined with the non-invasive free fetal nucleic acid 
based methods described herein may offer improved accu 
racy with a lower false positive rate. Examples of combined 
diagnostic methods are provided in PCT Publication Number 
WO2008 157264A2 (assigned to the Applicant), which is 
hereby incorporated by reference. In some embodiments, the 
methods of the technology herein may be combined with 
cell-based methods, where fetal cells are procured invasively 
or non-invasively. 

0044. In certain embodiments, an increased risk for a chro 
mosomal abnormality is based on the outcome or result(s) 
produced from the compositions or methods provided herein. 
An example of an outcome is a deviation from the euploid 
absolute copy number or allelic ratio, which indicates the 
presence of chromosomal aneuploidy. This increase or 
decrease in the absolute copy number or ratio from the stan 
dard control indicates an increased risk of having a fetus with 
a chromosomal abnormality (e.g., trisomy 21). Information 
pertaining to a method described herein, Such as an outcome, 
result, or risk of trisomy or aneuploidy, for example, may be 
transfixed, renditioned, recorded and/or displayed in any Suit 
able medium. For example, an outcome may be transfixed in 
a medium to save, store, share, communicate or otherwise 
analyze the outcome. A medium can be tangible (e.g., paper) 
or intangible (e.g., electronic medium), and examples of 
media include, but are not limited to, computer media, data 
bases, charts, patient charts, records, patient records, graphs 
and tables, and any other medium of expression. The infor 
mation sometimes is stored and/or renditioned in computer 
readable form and sometimes is stored and organized in a 
database. In certain embodiments, the information may be 
transferred from one location to another using a physical 
medium (e.g., paper) or a computer readable medium (e.g., 
optical and/or magnetic storage or transmission medium, 
floppy disk, hard disk, random access memory, computer 
processing unit, facsimile signal, satellite signal, transmis 
sion over an internet or transmission over the world-wide 
web). 
0045. In practicing the present technology within all 
aspects mentioned above, a CpG island may be used as the 
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CpG-containing genomic sequence in Some cases, whereas in 
other cases the CpG-containing genomic sequence may not 
be a CpG island. 
0046. In some embodiments, the present technology pro 
vides a kit for performing the methods of the technology. One 
component of the kit is a methylation-sensitive binding agent. 
0047. Also provided, in some aspects, are methods for 
determining the amount of fetal nucleic acid in a sample 
comprising (a) contacting a sample nucleic acid with one or 
more agents that differentially modify methylated nucleic 
acid and unmethylated nucleic acid, which sample nucleic 
acid comprises differentially methylated fetal nucleic acid 
and maternal nucleic acid, the combination of the fetal 
nucleic acid and the maternal nucleic acid comprising total 
nucleic acid in the sample, thereby generating differentially 
modified sample nucleic acid; (b) contacting under amplifi 
cation conditions the differentially modified sample nucleic 
acid with: (i) a first set of amplification primers that specifi 
cally amplify a first region in Sample nucleic acid comprising 
one or more loci that are differentially methylated between 
the fetal nucleic acid and maternal nucleic acid, and (ii) a 
second set of amplification primers that amplify a second 
region in the sample nucleic acid allowing for a determination 
of total nucleic acid in the sample, where the first region and 
the second region are different, thereby generating fetal 
nucleic acid amplification products and total nucleic acid 
amplification products; (c) incorporating adaptor oligonucle 
otides into the amplification products in (b); thereby gener 
ating adaptor-modified amplification products; (d) obtaining 
nucleotide sequences of the adaptor-modified amplification 
products in (c) by a sequencing process, thereby generating 
sequence reads; (e) quantifying the sequence reads; and (f) 
determining the amount of fetal nucleic acid in the sample 
based on a quantification of the sequence reads in (e). 
0048 Also provided, in some aspects, are methods for 
determining the amount of fetal nucleic acid in a sample 
comprising (a) contacting a sample nucleic acid with one or 
more methylation sensitive restriction enzymes, which 
sample nucleic acid comprises differentially methylated fetal 
nucleic acid and maternal nucleic acid, the combination of the 
fetal nucleic acid and the maternal nucleic acid comprising 
total nucleic acid in the sample, thereby generating differen 
tially digested sample nucleic acid; (b) contacting under 
amplification conditions the digested sample nucleic acid 
with (i) a first set of amplification primers that specifically 
amplify a first region in sample nucleic acid comprising one 
or more loci that are differentially methylated between the 
fetal nucleic acid and maternal nucleic acid, and (ii) a second 
set of amplification primers that amplify a second region in 
the sample nucleic acid allowing for a determination of total 
nucleic acid in the sample, where the first region and the 
second region are different, thereby generating fetal nucleic 
acid amplification products and total nucleic acid amplifica 
tion products; (c) incorporating adaptor oligonucleotides into 
the amplification products in (b); thereby generating adaptor 
modified amplification products; (d) obtaining nucleotide 
sequences of the adaptor-modified amplification products in 
(c) by a sequencing process, thereby generating sequence 
reads; (e) quantifying the sequence reads; and (f) determining 
the amount of fetal nucleic acid in the sample based on a 
quantification of the sequence reads in (e). 
0049. Also provided, in some aspects, are methods for 
determining the copy number offetal nucleic acid in a sample 
comprising (a) contacting a sample nucleic acid with one or 
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more agents that differentially modify methylated nucleic 
acid and unmethylated nucleic acid, which sample nucleic 
acid comprises differentially methylated fetal nucleic acid 
and maternal nucleic acid, the combination of the fetal 
nucleic acid and the maternal nucleic acid comprising total 
nucleic acid in the sample, thereby generating differentially 
modified sample nucleic acid; (b) contacting under amplifi 
cation conditions the differentially modified sample nucleic 
acid with (i) a first set of amplification primers that specifi 
cally amplify a first region in Sample nucleic acid comprising 
one or more loci that are differentially methylated between 
the fetal nucleic acid and maternal nucleic acid, and (ii) a 
predetermined copy number of one or more first competitor 
oligonucleotides that compete with the first region for hybrid 
ization of primers of the first amplification primerset, thereby 
generating fetal nucleic acid amplification products and com 
petitor amplification products; (c) incorporating adaptor oli 
gonucleotides into the amplification products in (b); thereby 
generating adaptor-modified amplification products; (d) 
obtaining nucleotide sequences of the adaptor-modified 
amplification products in (c) by a sequencing process, thereby 
generating sequence reads; (e) quantifying the sequence 
reads; and (f) determining the copy number of fetal nucleic 
acid in the sample based on a quantification of the sequence 
reads in (e) and the amount of competitor oligonucleotide 
used. 

0050 Also provided, in some aspects, are methods for 
detecting the presence or absence of a fetal aneuploidy in a 
sample comprising (a) contacting a sample nucleic acid with 
one or more agents that differentially modify methylated 
nucleic acid and unmethylated nucleic acid, which sample 
nucleic acid comprises differentially methylated fetal nucleic 
acid and maternal nucleic acid, the combination of the fetal 
nucleic acid and the maternal nucleic acid comprising total 
nucleic acid in the sample, thereby generating differentially 
modified sample nucleic acid; (b) contacting under amplifi 
cation conditions the differentially modified sample nucleic 
acid with (i) a first set of amplification primers that specifi 
cally amplify one or more loci in a target chromosome that are 
differentially methylated between the fetal nucleic acid and 
maternal nucleic acid, and (ii) a second set of amplification 
primers that specifically amplify one or more loci in a refer 
ence chromosome that are differentially methylated between 
the fetal nucleic acid and maternal nucleic acid, thereby gen 
erating target chromosome amplification products and refer 
ence chromosome amplification products; (c) incorporating 
adaptor oligonucleotides into the amplification products in 
(b); thereby generating adaptor-modified amplification prod 
ucts; (d) obtaining nucleotide sequences of the adaptor-modi 
fied amplification products in (c) by a sequencing process, 
thereby generating sequence reads; (e) quantifying the 
sequence reads; and (f) detecting the presence or absence of a 
fetal aneuploidy in the sample based on a quantification of the 
sequence reads in (e). 
0051. In some embodiments, the first region comprises 
one or more loci which each contain a restriction site for a 
methylation-sensitive restriction enzyme. In some embodi 
ments, the one or more agents that differentially modify 
methylated nucleic acid and unmethylated nucleic acid com 
prise one or more methylation sensitive restriction enzymes. 
In some embodiments, the second region comprises one or 
more loci which do not contain a restriction site for a methy 
lation-sensitive restriction enzyme. In some embodiments, 
the one or more agents that differentially modify methylated 
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nucleic acid and unmethylated nucleic acid comprise 
bisulfite. In some embodiments, the target chromosome com 
prises one or more loci which each contain a restriction site 
for a methylation-sensitive restriction enzyme. In some 
embodiments, the reference chromosome comprises one or 
more loci which each contain a restriction site for a methyla 
tion-sensitive restriction enzyme. 
0052. In some embodiments, the adaptor oligonucleotides 
are incorporated into the amplification products by ligation. 
In some cases, the ligation is unidirectional ligation. In some 
embodiments, the adaptor oligonucleotides are incorporated 
into the amplification products using amplification primers 
comprising the adaptor oligonucleotide sequences. In some 
embodiments, the adaptor oligonucleotides comprise one or 
more index sequences. In some cases, the one or more index 
sequences comprise a sample-specific index. In some cases, 
the one or more index sequences comprise an aliquot-specific 
index. 

0053. In some embodiments, at least one of the one or 
more loci in the first region comprises a nucleotide sequence 
selected from among SEQ ID NOS:1-261, or a fragment 
thereof. In some cases, at least one of the one or more loci in 
the first region comprises a nucleotide sequence selected 
from among SEQ ID NOs: 1-89, or a fragment thereof. In 
Some cases, at least one of the one or more loci in the first 
region comprises a nucleotide sequence selected from among 
SEQID NOs:90-261, or a fragment thereof. In some cases, at 
least one of the one or more loci in the first region comprises 
a nucleotide sequence selected from among SEQID NOS:1- 
59 and SEQ ID NOS:86-89, or a fragment thereof. In some 
cases, at least one of the one or more loci in the first region 
comprises a nucleotide sequence selected from among SEQ 
ID NOs: 1-59, or a fragment thereof. In some cases, at least 
one of the one or more loci in the first region comprises a 
nucleotide sequence selected from among SEQ ID NO:42, 
SEQID NO:52, SEQID NO:154, SEQID NO:158 and SEQ 
ID NO:163. 

0054. In some embodiments, at least one of the one or 
more loci in the target chromosome comprises a nucleotide 
sequence selected from among SEQ ID NOs: 1-261, or a 
fragment thereof. In some cases, at least one of the one or 
more loci in the target chromosome comprises a nucleotide 
sequence selected from among SEQID NOs: 1-89, or a frag 
ment thereof. In some cases, at least one of the one or more 
loci in the target chromosome comprises a nucleotide 
sequence selected from among SEQ ID NOs:90-261, or a 
fragment thereof. In some cases, at least one of the one or 
more loci in target chromosome comprises a nucleotide 
sequence selected from among SEQID NOs: 1-59 and SEQ 
ID NOs:86-89, or a fragment thereof. In some cases, at least 
one of the one or more loci in the target chromosome com 
prises a nucleotide sequence selected from among SEQ ID 
NOs: 1-59, or a fragment thereof. In some cases, at least one of 
the one or more loci in the target chromosome comprises a 
nucleotide sequence selected from among SEQ ID NO:42, 
SEQID NO:52, SEQID NO:154, SEQID NO:158 and SEQ 
ID NO:163. 

0055. In some embodiments, at least one of the one or 
more loci in the reference chromosome comprises a nucle 
otide sequence selected from among SEQID NOS:1-261, or 
a fragment thereof. In some cases, at least one of the one or 
more loci in the reference chromosome comprises a nucle 
otide sequence selected from among SEQID NOs: 1-89, or a 
fragment thereof. In some cases, at least one of the one or 
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more loci in the reference chromosome comprises a nucle 
otide sequence selected from among SEQID NOS:90-261, or 
a fragment thereof. In some cases, at least one of the one or 
more loci in reference chromosome comprises a nucleotide 
sequence selected from among SEQID NOs: 1-59 and SEQ 
ID NOs:86-89, or a fragment thereof. In some cases, at least 
one of the one or more loci in the reference chromosome 
comprises a nucleotide sequence selected from among SEQ 
ID NOs: 1-59, or a fragment thereof. In some cases, at least 
one of the one or more loci in the reference chromosome 
comprises a nucleotide sequence selected from among SEQ 
ID NO:42, SEQ ID NO:52, SEQ ID NO:154, SEQ ID 
NO:158 and SEQID NO: 163. 
0056. In some embodiments, the sequencing process is a 
sequencing by Synthesis method. In some embodiments, the 
sequencing process is a reversible terminator-based sequenc 
ing method. 
0057. In some embodiments, the amount of fetal nucleic 
acid determined is the fraction of fetal nucleic acid in the 
sample based on the amount of each of the fetal nucleic acid 
amplification products and total nucleic acid amplification 
products. In some cases, the fraction of fetal nucleic acid is a 
ratio of fetal nucleic acid amplification product amount to 
total nucleic acid amplification product amount. 
0058. In some embodiments, a method further comprises 
contacting under amplification conditions the nucleic acid 
sample with a second set of amplification primers that 
amplify a second region in the sample nucleic acid allowing 
for a determination of total nucleic acid in the sample, where 
the first region and the second region are different. In some 
cases, the second region comprises one or more loci which do 
not contain a restriction site for a methylation-sensitive 
restriction enzyme. 
0059. In some embodiments, a method further comprises 
contacting under amplification conditions the nucleic acid 
sample with a third set of amplification primers that amplify 
a third region in the sample nucleic acid allowing for a deter 
mination of the presence or absence of fetal specific nucleic 
acid. In some cases, the fetal specific nucleic acid is Y chro 
mosome nucleic acid. In some cases, the third region com 
prises one or more loci within chromosome Y. 
0060. In some embodiments, a method further comprises 
contacting under amplification conditions the nucleic acid 
sample with a fourth set of amplification primers that amplify 
a fourth region in the sample nucleic acid allowing for a 
determination of the amount of digested or undigested 
nucleic acid, as an indicator of digestion efficiency. In some 
cases, the fourth region comprises one or more loci present in 
both fetal nucleic acid and maternal nucleic acid and unm 
ethylated in both fetal nucleic acid and maternal nucleic acid. 
0061. In some embodiments, a method further comprises 
contacting under amplification conditions the nucleic acid 
sample with a predetermined copy number of one or more 
first competitor oligonucleotides that compete with the first 
region for hybridization of primers of the first amplification 
primer set. In some embodiments, a method further com 
prises contacting under amplification conditions the nucleic 
acid sample with a predetermined copy number of one or 
more first competitor oligonucleotides that compete with the 
target chromosome for hybridization of primers of the first 
amplification primer set. 
0062. In some embodiments, a method further comprises 
contacting under amplification conditions the nucleic acid 
sample with a predetermined copy number of one or more 
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second competitor oligonucleotides that compete with the 
second region for hybridization of primers of the second 
amplification primer set. In some embodiments, a method 
further comprises contacting under amplification conditions 
the nucleic acid sample with a predetermined copy number of 
one or more second competitor oligonucleotides that compete 
with the reference chromosome for hybridization of primers 
of the second amplification primer set. 
0063. In some embodiments, a method further comprises 
contacting under amplification conditions the nucleic acid 
sample with a predetermined copy number of one or more 
third competitor oligonucleotides that compete with the third 
region for hybridization of primers of the third amplification 
primer set. 
0064. In some embodiments, a method further comprises 
contacting under amplification conditions the nucleic acid 
sample with a predetermined copy number of one or more 
fourth competitor oligonucleotides that compete with the 
fourth region for hybridization of primers of the fourth ampli 
fication primer set. 
0065. In some embodiments, the amount of fetal nucleic 
acid determined is the copy number offetal nucleic acid based 
on the amount of competitor oligonucleotide used. In some 
embodiments, the amount of fetal nucleic acid determined is 
the copy number of fetal nucleic acid based on a quantifica 
tion of sequence reads. 
0066. In some embodiments, the sample nucleic acid is 
extracellular nucleic acid. In some cases, the nucleic acid 
sample is obtained from a pregnant female Subject. In some 
cases, the Subject is human. In some embodiments, the 
sample nucleic acid is from plasma or serum. 
0067. In some embodiments, two or more independent 
loci in the first region are assayed. In some embodiments, two 
or more independent loci in the target chromosome are 
assayed. In some embodiments, two or more independent loci 
in the reference chromosome are assayed. In some embodi 
ments, the target chromosome is chromosome 13. In some 
embodiments, the target chromosome is chromosome 18. In 
Some embodiments, the target chromosome is chromosome 
21. 

0068. In some embodiments, the amount of fetal nucleic 
acid is Substantially equal to the amount of fetal nucleic acid 
determined using a mass spectrometry method. In some 
embodiments, the amount of fetal nucleic acid is determined 
with an R value of 0.97 or greater when compared to an 
amount of fetal nucleic acid determined using a mass spec 
trometry method. In some embodiments, the copy number of 
fetal nucleic acid is Substantially equal to the copy number of 
fetal nucleic acid determined using a mass spectrometry 
method. In some embodiments, the copy number of fetal 
nucleic acid is determined with an R value of 0.97 or greater 
when compared to a copy number of fetal nucleic acid deter 
mined using a mass spectrometry method. 
0069. Also provided, in some aspects, are methods for 
determining fetal fraction in a sample comprising (a) enrich 
ing a sample nucleic acid for a plurality of polymorphic 
nucleic acid targets, which sample nucleic acid comprises 
fetal nucleic acid and maternal nucleic acid; (b) obtaining 
nucleotide sequences for Some or all of the nucleic acid tar 
gets by a sequencing process; (c) analyzing the nucleotide 
sequences of (b); and (d) determining fetal fraction based on 
the analysis of(c), where the polymorphic nucleic acid targets 
and number thereof result in at least five polymorphic nucleic 
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acid targets being informative for determining the fetal frac 
tion for at least 90% of samples. 
0070. In some embodiments, the enriching comprises 
amplifying the plurality of polymorphic nucleic acid targets. 
In some cases, the enriching comprises generating amplifica 
tion products in an amplification reaction, and sometimes the 
amplification reaction is performed in a single vessel. 
0071. In some embodiments, the maternal genotype and 
the paternal genotype at each of the polymorphic nucleic acid 
targets are not known prior to (a). In some embodiments, 
polymorphic nucleic acid targets having a minor allele popu 
lation frequency of about 40% or more are selected. 
0072. In some embodiments, a method comprises deter 
mining an allele frequency in the sample for each of the 
polymorphic nucleic acid targets. In some embodiments, 
determining which polymorphic nucleic acid targets are 
informative comprises identifying informative genotypes by 
comparing each allele frequency to one or more fixed cutoff 
frequencies. In some cases, the fixed cutoff for identifying 
informative genotypes from non-informative homozygotes is 
about a 2% or greater shift in allele frequency and sometimes 
is a 1% or greater shift in allele frequency. In some cases, the 
fixed cutoff for identifying informative genotypes from non 
informative heterozygotes is about a 50% or greater shift in 
allele frequency and sometimes is a 25% or greater shift in 
allele frequency. In some embodiments, determining which 
polymorphic nucleic acid targets are informative comprises 
identifying informative genotypes by comparing each allele 
frequency to one or more target-specific cutoff frequencies. In 
Some cases, the one or more target-specific cutoff frequencies 
are determined for each polymorphic nucleic acid target. In 
Some cases, each target-specific cutoff frequency is deter 
mined based on the allele frequency variance for the corre 
sponding polymorphic nucleic acid target. 
0073. In some embodiments, a method comprises deter 
mining an allele frequency mean. In some cases, fetal fraction 
is determined based, in part, on the allele frequency mean. In 
Some embodiments, the fetal genotype at one or more infor 
mative polymorphic nucleic acid targets is heterozygous. In 
Some embodiments, the fetal genotype at one or more infor 
mative polymorphic nucleic acid targets is homozygous. In 
some embodiments, fetal fraction is determined with a coef 
ficient of variance (CV) of 0.20 or less. In some cases, fetal 
fraction is determined with a coefficient of variance (CV) of 
0.10 or less, and sometimes fetal fraction is determined with 
a coefficient of variance (CV) of 0.05 or less. 
0074. In some embodiments, the polymorphic nucleic 
acid targets each comprise at least one single nucleotide poly 
morphism (SNP). In some cases, the SNPs are selected from: 
rs 10413687, rs10949838, rs1 115649, rs11207002, 
rs 11632601, rs1 1971741, rs12660563, rs13155942, 
rs 1444647, rs1572801, rs17773922, rs1797700, rs1921681, 
rs 1958.312, rs196008, rs2001778, rs2323659, rs2427099, 
rs243992, rs251344, rs254264, rs2827530, rs290387, 
rs321949, rs348971, rs390316, rs3944117, rs425002, 
rs432586, rs444016, rs4453265, rs447247, rs4745577, 
rs484312, rs499946, rs300090, rs300399, rs505349, 
rs505662, rs516084, rs317316, rs317914, rs522810, 
rs531423, rs537330, rs339344, rs351372, rs567681, 
rs585487, rs600933, rs619208, rs622994, rs639298, 
rs642449, rs6700732, rs677866, rs683922, rs686851, 
rs6941942, rs7045684, rs7176924, rs7525374, rs870429, 
rs949312, rs9563831, rs970022, rs985462, rs1005241, 
rs 1006101, rs10745725, rs10776856, rs10790342, 
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rs11076499, rs11103233, rs11133637, rs1 1974817, 
rs 12102203, rs12261, rs12460763, rs12543040, rs12695642, 
rs13137088, rs13139573, rs1327501, rs13438255, 
rs1360258, rs1421062, rs1432515, rs1452396, rs1518040, 
rs 16853186, rs1712497, rs1792205, rs1863452, rs1991899, 
rs2022958, rs2099875, rs2108825, rs2132237, rs2195979, 
rs2248173, rs225.0246, rs2268697, rs2270893, rs244887, 
rs2736966, rs2851428, rs2906237, rs2929724, rs3742257, 
rs3764584, rs3814332, rs4131376, rs4363444, rs4461567, 
rs4467511, rs4559013, rs4714802, rs4775899, rs4817609, 
rs488446, rs4950877, rs530913, rs6020434, rs6442703, 
rs6487229, rs6537064, rs654.065, rs6576533, rs6661 105, 
rs6691.61, rs6703320, rs675828, rs6814242, rs6989344, 
rs7120590, rs7131676, rs7214164, rs747583, rs768255, 
rs768708, rs7828904, rs7899772, rs7900911, rs7925270, 
rs7975781, rs3111589, rs349084, rs373870, rs9386151, 
rs9504.197, rs9690525, and rs9909561. 
0075. In some cases, the SNPs are selected from: 
rs10413687, rs10949838, rs1 115649, rs11207002, 
rs11632601, rs1 1971741, rs12660563, rs13155942, 
rs1444647, rs1572801, rs17773922, rs1797700, rs1921681, 
rs 1958.312, rs196008, rs2001778, rs2323659, rs2427099, 
rs243992, rs251344, rs254264, rs2827530, rs290387, 
rs321949, rs348971, rs390316, rs3944117, rs425002, 
rs432586, rs444016, rs4453265, rs447247, rs4745577, 
rs484312, rs499946, rs300090, rs300399, rs305349, 
rs505662, rs516084, rs317316, rs317914, rs322810, 
rs531423, rs537330, rs339344, rs351372, rs367681, 
rs585487, rs600933, rs619208, rs622994, rs639298, 
rs642449, rs6700732, rs677866, rs683922, rs686851, 
rs6941942, rs7045684, rs7176924, rs7525374, 
rs949312, rs9563831, rs970022, and rs985462. 
0076. In some cases, the SNPs are selected from: 
rs 1005241, rs1006101, rs10745725, rs10776856, 
rs10790342, rs11076499, rs11103233, rs11 133637, 
rs1 1974817, rs12102203, rs12261, rs12460763, rs12543040, 
rs 12695642, rs13137088, rs13139573, rs1327501, 
rs13438255, rs1360258, rs1421062, rs1432515, rs1452396, 
rs1518040, rs16853186, rs1712497, rs1792205, rs1863452, 
rs 1991899, rs2022958, rs2099875, rs2108825, rs2132237, 
rs2195979, rs2248173, rs225.0246, rs2268697, rs2270893, 
rs244887, rs2736966, rs2851428, rs2906237, rs2929724, 
rs3742257, rs3764584, rs3814332, rs4131376, rs4363444, 
rs4461567, rs4467511, rs4559013, rs4714802, rs4775899, 
rs4817609, rs488446, rs4950877, rs330913, rs6020434, 
rs6442703, rs6487229, rs6537064, rs654.065, rs6576533, 
rs6661 105, rs6691.61, rs6703320, rs675828, rs6814242, 
rs6989344, rs7120590, rs7131676, rs7214164, rs747583, 
rs768255, rs768708, rs7828904, rs7899772, rs7900911, 
rs7925270, rs7975781, rs3111589, rs349084, rs373870, 
rs9386151, rs9504.197, rs9690525, and rs990.9561. 
0077. The polymorphic targets can comprise one or more 
of any of the single nucleotide polymorphisms (SNPs) listed 
above and any combination thereof. 
0078. In some embodiments, the polymorphic nucleic 
acid targets and number thereof result in at least five poly 
morphic nucleic acid targets being informative for determin 
ing the fetal fraction for at least 95% of samples. In some 
cases, the polymorphic nucleic acid targets and number 
thereof result in at least five polymorphic nucleic acid targets 
being informative for determining the fetal fraction for at 
least 99% of samples. In some cases, the polymorphic nucleic 
acid targets and number thereof result in at least ten polymor 
phic nucleic acid targets being informative for determining 
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the fetal fraction for at least 90% of samples. In some cases, 
the polymorphic nucleic acid targets and number thereof 
result in at least ten polymorphic nucleic acid targets being 
informative for determining the fetal fraction for at least 95% 
of Samples. In some cases, the polymorphic nucleic acid 
targets and number thereof result in at least ten polymorphic 
nucleic acid targets being informative for determining the 
fetal fraction for at least 99% of samples. Sometimes, 10 or 
more polymorphic nucleic acid targets are enriched, some 
times 50 or more polymorphic nucleic acid targets are 
enriched, sometimes 100 or more polymorphic nucleic acid 
targets are enriched, and sometimes 500 or more polymorphic 
nucleic acid targets are enriched. Sometimes, about 40 to 
about 100 polymorphic nucleic acid targets are enriched. 
0079. In some embodiments, the sequencing process com 
prises a sequencing by synthesis method. In some cases, the 
sequencing by synthesis method comprises a plurality of 
synthesis cycles. Sometimes, the sequencing by synthesis 
method comprises about 36 cycles and sometimes the 
sequencing by synthesis method comprises about 27 cycles. 
In some embodiments, the sequencing process comprises a 
sequencing by ligation method. In some embodiments, the 
sequencing process comprises a single molecule sequencing 
method. 
0080. In some embodiments, the sequencing process com 
prises sequencing a plurality of samples in a single compart 
ment. In some cases, the fetal fraction is determined for 10 or 
more samples. In some cases, the fetal fraction is determined 
for 100 or more samples. In some cases, the fetal fraction is 
determined for 1000 or more samples. 
I0081. In some embodiments, the sample nucleic acid is 
cell-free DNA. In some embodiments, the sample nucleic 
acid is obtained from a pregnant female Subject. In some 
cases, the Subject is human. In some cases, the sample nucleic 
acid is from plasma or serum. 
0082 Certain embodiments are described further in the 
following description, examples, claims and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

I0083. The drawings illustrate embodiments of the technol 
ogy herein and are not limiting. For clarity and ease of illus 
tration, the drawings are not made to scale and, in some 
instances, various aspects may be shown exaggerated or 
enlarged to facilitate an understanding of particular embodi 
mentS. 

I0084 FIG. 1 shows the design of the recombinant MBD 
Fc protein used to separate differentially methylated DNA. 
I0085 FIG. 2 shows the methyl-CpG-binding, antibody 
like protein has a high affinity and high avidity to its “anti 
gen”, which is preferably DNA that is methylated at CpG 
di-nucleotides. 
I0086 FIG. 3 shows the methyl binding domain of MBD 
FC binds all DNA molecules regardless of their methylation 
status. The strength of this protein/DNA interaction is defined 
by the level of DNA methylation. After binding genomic 
DNA, eluate Solutions of increasing salt concentrations can 
be used to fractionate non-methylated and methylated DNA 
allowing for a controlled separation. 
I0087 FIG. 4 shows the experiment used to identify differ 
entially methylated DNA from a fetus and mother using the 
recombinant MBD-Fc protein and a microarray. 
I0088 FIG. 5 shows typical results generated by Seque 
nom(R) EpiTYPERTM method, which was used to validate the 
results generated from the experiment illustrated in FIG. 4. 
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0089 FIG. 6 shows the correlation between the log ratios 
derived from microarray analysis (X axis) and methylation 
differences obtained by EpiTYPERTM analysis (yaxis). Each 
data point represents the average for one region across all 
measured samples. The microarray analysis is comparative in 
nature because the highly methylated fraction of the maternal 
DNA is hybridized together with the highly methylated frac 
tion of placenta DNA. Positive values indicate higher methy 
lation of the placenta samples. In mass spectrometry each 
samples is measured individually. The difference in methyla 
tion was calculated by Subtracting the maternal methylation 
values from the placenta methylation value. To compare the 
results with the microarray data the average of the differences 
for all maternal/placenta DNA pairs was calculated. Figure 
discloses SEQID NOS 387 and 388, respectively, in order of 
appearance. 

0090 FIG. 7 shows a correlation between microarray and 
EpiTYPERTM results. 
0091 FIG.8 shows the correlation between the number of 
gDNA molecules that were expected and the number of mol 
ecules measured by competitive PCR in combination with 
mass spectrometry analysis. In this experiment, DNA derived 
from whole blood (black plus signs) was used and commer 
cially available fully methylated DNA (red crosses) was used 
in a 90 to 10 ratio. The MBD-FC fusion protein was used to 
separate the non-methylated and the methylated fraction of 
DNA. Each fraction was subject to competitive PCR analysis 
with mass spectrometry readout. The method has been 
described earlier for the analysis of copy number variations 
and is commercially available for gene expression analysis. 
The approach allows absolute quantification of DNA mol 
ecules with the help of a synthetic oligonucleotides of know 
concentration. In this experiment the MGMT locus was tar 
geted, which was not methylated in the whole blood sample 
used here. Using an input of 300 total gldNA copies, 270 
copies of non-methylated DNA and 30 copies of methylated 
DNA was expected. The measured copy numbers are largely 
in agreement with the expected values. The data point at 600 
copies of input DNA indicates a bias in the reaction and shows 
that this initial proof of concept experiment needs to be fol 
lowed up with more development work, before the assay can 
be used. However, this initial data indicates the feasibility of 
the approach for capturing and quantifying of a few copies of 
methylated DNA in the presence of an excess of unmethy 
lated DNA species. 
0092 FIG.9A-9L show bar graph plots of the methylation 
differences obtained from the microarray analysis (dark bars) 
and the mass spectrometry analysis (light grey bars) with 
respect to their genomic location. For each of the 85 regions 
that were identified to be differentially methylated by 
microarray an individual plot is provided. The X axis for each 
plot shows the chromosomal position of the region. They axis 
depicts the log ration (in case of the microarrays) and the 
methylation differences (in case of the mass spectrometry 
results). For the microarrays each hybridization probe in the 
area is shown as a single black (or darkgrey) bar. For the mass 
spectrometry results each CpG site, is shown as a lightgrey 
bar. Bars showing values greater than Zero indicate higher 
DNA methylation in the placenta samples compared to the 
maternal DNA. For some genes the differences are small (i.e. 
RB1 or DSCR6) but still statistically significant. Those 
regions would be less suitable for a fetal DNA enrichment 
Strategy. 

Apr. 3, 2014 

(0093 FIG. 10 shows one embodiment of the Fetal Quan 
tifier Method. Maternal nucleic acid is selectively digested 
and the remaining fetal nucleic acid is quantified using a 
competitor of known concentration. In this schema, the ana 
lyte is separated and quantified by a mass spectrometer. 
(0094 FIG. 11 shows one embodiment of the Methylation 
Based Fetal Diagnostic Method. Maternal nucleic acid is 
selectively digested and the remaining fetal nucleic acid is 
quantified for three different chromosomes (13, 18 and 21). 
Parts 2 and 3 of the Figure illustrate the size distribution of the 
nucleic acid in the sample before and after digestion. The 
amplification reactions can be size-specific (e.g., greater than 
100 base pair amplicons) such that they favor the longer, 
non-digested fetal nucleic acid over the digested maternal 
nucleic acid, thereby further enriching the fetal nucleic acid. 
The spectra at the bottom of the Figure show an increased 
amount of chromosome 21 fetal nucleic acid indicative of 
trisomy 21. 
(0095 FIG. 12 shows the total number of amplifiable 
genomic copies from four different DNA samples isolated 
from the blood of non-pregnant women. Each sample was 
diluted to contain approximately 2500, 1250, 625 or 313 
copies per reaction. Each measurement was obtained by tak 
ing the mean DNA/competitor ratio obtained from two total 
copy number assays (ALB and RNAse.P in Table X). As FIG. 
12 shows, the total copy number is accurate and stable across 
the different samples, thus validating the usefulness of the 
competitor-based approach. 
0096 FIGS. 13A and 13B show a model system that was 
created that contained a constant number of maternal non 
methylated DNA with varying amounts of male placental 
methylated DNA spiked-in. The samples were spiked with 
male placental amounts ranging from approximately 0 to 
25% relative to the maternal non-methylated DNA. The frac 
tion of placental DNA was calculated using the ratios 
obtained from the methylation assays (FIG. 13A) and the 
Y-chromosome marker (FIG. 13B) as compared to the total 
copy number assay. The methylation and Y-chromosome 
markers are provided in Table X. 
0097 FIGS. 14A and 14B show the results of the total 
copy number assay from plasma samples. In FIG. 14A, the 
copy number for each sample is shown. Two samples (no 25 
and 26) have a significantly higher total copy number than all 
the other samples. A mean of approximately 1300 amplifiable 
copies/ml plasma was obtained (range 766-2055). FIG. 14B 
shows a box-and-whisker plot of the given values, Summa 
rizing the results. 
(0098 FIGS. 15A and 15B show the amount (or copy num 
bers) of fetal nucleic acid from 33 different plasma samples 
taken from pregnant women with male fetuses plotted. The 
copy numbers obtained were calculated using the methyla 
tion markers and the Y-chromosome-specific markers using 
the assays provided in Table X. As can be seen in FIG. 15B, 
the box-and-whisker plot of the given values indicated mini 
mal difference between the two different measurements, thus 
validating the accuracy and stability of the method. 
(0099 FIG. 16 shows a paired correlation between the 
results obtained using the methylation markers versus the 
Y-chromosome marker from FIG. 15A. 
0100 FIG. 17 shows the digestion efficiency of the restric 
tion enzymes using the ratio of digestion for the control 
Versus the competitor and comparing this value to the mean 
total copy number assays. Apart from sample 26 all reactions 
indicate the efficiency to be above about 99%. 
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0101 FIG. 18 provides a specific method for calculating 
fetal DNA fraction (or concentration) in a sample using the 
Y-chromosome-specific markers for male pregnancies and 
the mean of the methylated fraction for all pregnancies (re 
gardless of fetal sex). 
0102 FIG. 19 provides a specific method for calculating 
fetal DNA fraction (or concentration) in a sample without the 
Y-chromosome-specific markers. Instead, only the Assays for 
Methylation Quantification were used to determine the con 
centration of fetal DNA. 
0103 FIG. 20 shows a power calculation t-test for a simu 
lated trisomy 21 diagnosis using the methods of the technol 
ogy herein. The Figure shows the relationship between the 
coefficient of variation (CV) on the x-axis and the power to 
discriminate the assay populations using a simple t-test 
(y-axis). The data indicates that in 99% of all cases, one can 
discriminate the two population (euploid vs. aneuploid) on a 
significance level of 0.001 provided a CV of 5% or less. 
0104 FIG. 21 shows a scheme for ligating a PCR ampli 
con with Illumina sequencing adaptors. 
0105 FIG.22 shows a modified ligation scheme. 
0106 FIG. 23 shows a comparison of copy numbers of 
individual markers determined by a fetal quantification assay 
using MPSS (FOA Sequencing: x-axis) with those obtained 
by a fetal quantification assay using MASSARRAY (FQA 
MA; y-axis). The results from both methods were highly 
correlated (R5-0.97). In some cases, platform-specificallele 
bias resulted in slight copy number differences and slopes of 
the linear fit which deviated from 1. 
0107 FIG. 24 shows a comparison of mean copy numbers 
for each of the marker groups determined by a fetal quantifi 
cation assay using MPSS (FOA Sequencing: X-axis) with 
those obtained by a fetal quantification assay using MAS 
SARRAY (FQA MA; y-axis). 
0108 FIG. 25 shows a comparison of fetal fractions 
derived from either methylation (left) or Y-chromosome 
markers determined by a fetal quantification assay using 
MPSS (FQA Sequencing: x-axis) with those obtained by a 
fetal quantification assay using MASSARRAY (FQA MA: 
y-axis). 
0109 FIG. 26 shows an example of a likelihood chart for 
an informative fetal/maternal genotype combination. 
0110 FIG. 27 illustrates a possible distribution of mater 
nal and paternal alleles. 
0111 FIG. 28 illustrates a method for calculating fetal 
fraction by MPSS. 
0112 FIG. 29 illustrates a scheme for multiplexed ampli 
con library generation and sequencing. 
0113 FIG. 30 shows allele frequencies per SNP for a 
particular sample. 
0114 FIG. 31 shows allele frequencies per SNP for a 
particular sample. 
0115 FIG. 32 shows allele frequencies per sample for a 
collection of 46 samples. 
0116 FIG.33 shows allele frequencies per sample (folded 
on 0.5) for a collection of 46 samples. 
0117 FIG. 34 shows fetal fraction values calculated from 
informative genotypes for each sample. 
0118 FIG.35 shows a correlation plot for SNP-based fetal 
fraction estimates versus methylation-based fetal fraction 
estimates. 
0119 FIG. 36 shows a comparison of informative geno 
type measurements at varying sequencing coverage. 
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I0120 FIG. 37 shows probabilities of the number of infor 
mative SNPs for each of the selected thresholds (1-6 infor 
mative SNPs) at increasing numbers of total SNPs assayed. 

DEFINITIONS 

I0121 The term “pregnancy-associated disorder, as used 
in this application, refers to any condition or disease that may 
affect a pregnant woman, the fetus, or both the woman and the 
fetus. Such a condition or disease may manifest its symptoms 
during a limited time period, e.g., during pregnancy or deliv 
ery, or may last the entire life span of the fetus following its 
birth. Some examples of a pregnancy-associated disorder 
include ectopic pregnancy, preeclampsia, preterm labor, RhD 
incompatibility, fetal chromosomal abnormalities such as tri 
Somy 21, and genetically inherited fetal disorders such as 
cystic fibrosis, beta-thalassemia or other monogenic disor 
ders. The compositions and processes described herein are 
particularly useful for diagnosis, prognosis and monitoring of 
pregnancy-associated disorders associated with quantitative 
abnormalities of fetal DNA in maternal plasma/serum, 
including but not limited to, preeclampsia (Lo et al., Clin. 
Chem. 45:184-188, 1999 and Zhong et al., Am. J. Obstet. 
Gynecol. 184:414-419, 2001), fetal trisomy (Lo et al., Clin. 
Chem. 45:1747-1751, 1999 and Zhong et al., Prenat. Diagn. 
20:795-798, 2000) and hyperemesis gravidarum (Sekizawa et 
al., Clin. Chem. 47:2164-2165, 2001). For example, an 
elevated level of fetal nucleic acid in maternal blood (as 
compared to a normal pregnancy or pregnancies) may be 
indicative of a preeclamptic pregnancy. Further, the ability to 
enrich fetal nucleic from a maternal sample may prove par 
ticularly useful for the noninvasive prenatal diagnosis of auto 
Somal recessive diseases Such as the case when a mother and 
father share an identical disease causing mutation, an occur 
rence previously perceived as a challenge for maternal 
plasma-based non-trisomy prenatal diagnosis. 
0.122 The term "chromosomal abnormality” or “aneup 
loidy” as used herein refers to a deviation between the struc 
ture of the Subject chromosome and a normal homologous 
chromosome. The term “normal” refers to the predominate 
karyotype or banding pattern found in healthy individuals of 
a particular species, for example, a euploid genome (in 
humans, 46XX or 46XY). A chromosomal abnormality can 
be numerical or structural, and includes but is not limited to 
aneuploidy, polyploidy, inversion, a trisomy, a monosomy, 
duplication, deletion, deletion of a part of a chromosome, 
addition, addition of a part of chromosome, insertion, a frag 
ment of a chromosome, a region of a chromosome, chromo 
Somal rearrangement, and translocation. Chromosomal 
abnormality may also refer to a state of chromosomal abnor 
mality where a portion of one or more chromosomes is not an 
exact multiple of the usual haploid number due to, for 
example, chromosome translocation. Chromosomal translo 
cation (e.g. translocation between chromosome 21 and 14 
where some of the 14th chromosome is replaced by extra 21st 
chromosome) may cause partial trisomy 21. A chromosomal 
abnormality can be correlated with presence of a pathological 
condition or with a predisposition to develop a pathological 
condition. A chromosomal abnormality may be detected by 
quantitative analysis of nucleic acid. 
(0123. The terms “nucleic acid' and “nucleic acid mol 
ecule' may be used interchangeably throughout the disclo 
Sure. The terms refer to nucleic acids of any composition 
from, such as DNA (e.g., complementary DNA (cDNA), 
genomic DNA (gDNA) and the like), RNA (e.g., message 
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RNA (mRNA), short inhibitory RNA (siRNA), ribosomal 
RNA (rRNA), tRNA, microRNA, RNA highly expressed by 
the fetus or placenta, and the like), and/or DNA or RNA 
analogs (e.g., containing base analogs, Sugar analogs and/or a 
non-native backbone and the like), RNA/DNA hybrids and 
polyamide nucleic acids (PNAS), all of which can be in 
single- or double-stranded form, and unless otherwise lim 
ited, can encompass known analogs of natural nucleotides 
that can function in a similar manner as naturally occurring 
nucleotides. For example, the nucleic acids provided in SEQ 
ID NOs: 1-261 (see Tables 4A-4C) can be in any form useful 
for conducting processes herein (e.g., linear, circular, Super 
coiled, single-stranded, double-stranded and the like) or may 
include variations (e.g., insertions, deletions or Substitutions) 
that do not alter their utility as part of the present technology. 
A nucleic acid may be, or may be from, a plasmid, phage, 
autonomously replicating sequence (ARS), centromere, arti 
ficial chromosome, chromosome, or other nucleic acidable to 
replicate or be replicated in vitro or in a host cell, a cell, a cell 
nucleus or cytoplasm of a cell in certain embodiments. A 
template nucleic acid in Some embodiments can be from a 
single chromosome (e.g., a nucleic acid sample may be from 
one chromosome of a sample obtained from a diploid organ 
ism). Unless specifically limited, the term encompasses 
nucleic acids containing known analogs of natural nucle 
otides that have similar binding properties as the reference 
nucleic acid and are metabolized in a manner similar to natu 
rally occurring nucleotides. Unless otherwise indicated, a 
particular nucleic acid sequence also implicitly encompasses 
conservatively modified variants thereof (e.g., degenerate 
codon Substitutions), alleles, orthologs, single nucleotide 
polymorphisms (SNPs), and complementary sequences as 
well as the sequence explicitly indicated. Specifically, degen 
erate codon Substitutions may be achieved by generating 
sequences in which the third position of one or more selected 
(or all) codons is substituted with mixed-base and/or deoxyi 
nosine residues (Batzer et al., Nucleic Acid Res. 19:5081 
(1991); Ohtsuka et al., J. Biol. Chem. 260:2605-2608 (1985); 
and Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)). The 
term nucleic acid is used interchangeably with locus, gene, 
cDNA, and mRNA encoded by a gene. The term also may 
include, as equivalents, derivatives, variants and analogs of 
RNA or DNA synthesized from nucleotide analogs, single 
stranded (“sense' or “antisense”, “plus' strand or “minus’ 
strand, “forward reading frame or “reverse' reading frame) 
and double-stranded polynucleotides. Deoxyribonucleotides 
include deoxyadenosine, deoxycytidine, deoxyguanosine 
and deoxythymidine. For RNA, the base cytosine is replaced 
with uracil. A template nucleic acid may be prepared using a 
nucleic acid obtained from a subject as a template. 
0.124. A “nucleic acid comprising one or more CpG sites’ 
or a "CpG-containing genomic sequence' as used herein 
refers to a segment of DNA sequence at a defined location in 
the genome of an individual such as a human fetus or a 
pregnant woman. Typically, a “CpG-containing genomic 
sequence' is at least 15 nucleotides in length and contains at 
least one cytosine. Preferably, it can be at least 30, 50,80, 100, 
150, 200, 250, or 300 nucleotides in length and contains at 
least 2, 5, 10, 15, 20, 25, or 30 cytosines. For anyone “CpG 
containing genomic sequence at a given location, e.g., 
within a region centering around a given genetic locus (see 
Tables 1A-1C), nucleotide sequence variations may exist 
from individual to individual and from allele to allele even for 
the same individual. Typically, such a region centering around 
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a defined genetic locus (e.g., a CpG island) contains the locus 
as well as upstream and/or downstream sequences. Each of 
the upstream or downstream sequence (counting from the 5' 
or 3' boundary of the genetic locus, respectively) can be as 
long as 10 kb, in other cases may be as long as 5kb. 2 kb, 1 kb, 
500 bp, 200 bp, or 100 bp. Furthermore, a “CpG-containing 
genomic sequence' may encompass a nucleotide sequence 
transcribed or not transcribed for protein production, and the 
nucleotide sequence can be an inter-gene sequence, intra 
gene sequence, protein-coding sequence, a nonprotein-cod 
ing sequence (such as a transcription promoter), or a combi 
nation thereof. 
0.125. As used herein, a “methylated nucleotide' or a 
“methylated nucleotide base' refers to the presence of a 
methyl moiety on a nucleotide base, where the methyl moiety 
is not present in a recognized typical nucleotide base. For 
example, cytosine does not contain a methyl moiety on its 
pyrimidine ring, but 5-methylcytosine contains a methyl moi 
ety at position 5 of its pyrimidine ring. Therefore, cytosine is 
not a methylated nucleotide and 5-methylcytosine is a methy 
lated nucleotide. In another example, thymine contains a 
methyl moiety at position 5 of its pyrimidine ring, however, 
for purposes herein, thymine is not considered a methylated 
nucleotide when present in DNA since thymine is a typical 
nucleotide base of DNA. Typical nucleoside bases for DNA 
are thymine, adenine, cytosine and guanine. Typical bases for 
RNA are uracil, adenine, cytosine and guanine. Correspond 
ingly a “methylation site' is the location in the target gene 
nucleic acid region where methylation has, or has the possi 
bility of occurring. For example a location containing CpG is 
a methylation site where the cytosine may or may not be 
methylated. 
I0126. As used herein, a “CpG site' or “methylation site' is 
a nucleotide within a nucleic acid that is Susceptible to methy 
lation either by natural occurring events in vivo or by an event 
instituted to chemically methylate the nucleotide in vitro. 
I0127. As used herein, a “methylated nucleic acid mol 
ecule' refers to a nucleic acid molecule that contains one or 
more methylated nucleotides that is/are methylated. 
I0128. A "CpG island' as used herein describes a segment 
of DNA sequence that comprises a functionally or structur 
ally deviated CpG density. For example, Yamada et al. (Ge 
nome Research 14:247-266, 2004) have described a set of 
standards for determining a CpG island: it must be at least 400 
nucleotides in length, has a greater than 50% GC content, and 
an OCF/ECF ratio greater than 0.6. Others (Takai et al., Proc. 
Natl. Acad. Sci. U.S.A. 99:3740-3745, 2002) have defined a 
CpG island less stringently as a sequence at least 200 nucle 
otides in length, having a greater than 50% GC content, and 
an OCF/ECF ratio greater than 0.6. 
I0129. The term “epigenetic state' or “epigenetic status’ as 
used herein refers to any structural feature at a molecular level 
of a nucleic acid (e.g., DNA or RNA) other than the primary 
nucleotide sequence. For instance, the epigenetic state of a 
genomic DNA may include its secondary or tertiary structure 
determined or influenced by, e.g., its methylation patternor its 
association with cellular proteins. 
I0130. The term “methylation profile” “methylation state' 
or “methylation status, as used herein to describe the state of 
methylation of a genomic sequence, refers to the character 
istics of a DNA segmentata particular genomic locus relevant 
to methylation. Such characteristics include, but are not lim 
ited to, whether any of the cytosine (C) residues within this 
DNA sequence are methylated, location of methylated C 
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residue(s), percentage of methylated C at any particular 
stretch of residues, and allelic differences in methylation due 
to, e.g., difference in the origin of the alleles. The term 
“methylation' profile' or “methylation status also refers to 
the relative or absolute concentration of methylated C or 
unmethylated C at any particular stretch of residues in a 
biological sample. For example, if the cytosine (C) residue(s) 
within a DNA sequence are methylated it may be referred to 
as “hypermethylated’; whereas if the cytosine (C) residue(s) 
within a DNA sequence are not methylated it may be referred 
to as “hypomethylated'. Likewise, if the cytosine (C) residue 
(s) within a DNA sequence (e.g., fetal nucleic acid) are 
methylated as compared to another sequence from a different 
region or from a different individual (e.g., relative to maternal 
nucleic acid), that sequence is considered hypermethylated 
compared to the other sequence. Alternatively, if the cytosine 
(C) residue(s) within a DNA sequence are not methylated as 
compared to another sequence from a different region or from 
a different individual (e.g., the mother), that sequence is con 
sidered hypomethylated compared to the other sequence. 
These sequences are said to be “differentially methylated’, 
and more specifically, when the methylation status differs 
between mother and fetus, the sequences are considered “dif 
ferentially methylated maternal and fetal nucleic acid. 
0131 The term "agent that binds to methylated nucle 
otides' as used herein refers to a substance that is capable of 
binding to methylated nucleic acid. The agent may be natu 
rally-occurring or synthetic, and may be modified or unmodi 
fied. In one embodiment, the agent allows for the separation 
of different nucleic acid species according to their respective 
methylation states. An example of an agent that binds to 
methylated nucleotides is described in PCT Patent Applica 
tion No. PCT/EP2005/012707, which published as 
WO06056480A2 and is hereby incorporated by reference. 
The described agent is a bifunctional polypeptide comprising 
the DNA-binding domain of a protein belonging to the family 
of Methyl-CpG binding proteins (MBDs) and an Fc portion 
of an antibody (see FIG. 1). The recombinant methyl-CpG 
binding, antibody-like protein can preferably bind CpG 
methylated DNA in an antibody-like manner. That means, the 
methyl-CpG-binding, antibody-like protein has a high affin 
ity and high avidity to its “antigen”, which is preferably DNA 
that is methylated at CpG dinucleotides. The agent may also 
be a multivalent MBD (see FIG. 2). 
0132) The term “polymorphism' or “polymorphic nucleic 
acid target” as used herein refers to a sequence variation 
within different alleles of the same genomic sequence. A 
sequence that contains a polymorphism is considered a "poly 
morphic sequence'. Detection of one or more polymor 
phisms allows differentiation of different alleles of a single 
genomic sequence or between two or more individuals. As 
used herein, the term “polymorphic marker” or “polymorphic 
sequence” refers to segments of genomic DNA that exhibit 
heritable variation in a DNA sequence between individuals. 
0133. Such markers include, but are not limited to, single 
nucleotide polymorphisms (SNPs), restriction fragment 
length polymorphisms (RFLPs), short tandem repeats. Such 
as di-, tri- or tetra-nucleotide repeats (STRs), deletions, dupli 
cations, and the like. Polymorphic markers according to the 
present technology can be used to specifically differentiate 
between a maternal and paternal allele in the enriched fetal 
nucleic acid sample. 
0134. The terms “single nucleotide polymorphism' or 
“SNP as used herein refer to the polynucleotide sequence 
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variation present at a single nucleotide residue within differ 
entalleles of the same genomic sequence. This variation may 
occur within the coding region or non-coding region (i.e., in 
the promoter or intronic region) of a genomic sequence, if the 
genomic sequence is transcribed during protein production. 
Detection of one or more SNP allows differentiation of dif 
ferentalleles of a single genomic sequence or between two or 
more individuals. 

0.135 The term “allele as used herein is one of several 
alternate forms of a gene or non-coding regions of DNA that 
occupy the same position on a chromosome. The term allele 
can be used to describe DNA from any organism including 
but not limited to bacteria, viruses, fungi, protozoa, molds, 
yeasts, plants, humans, non-humans, animals, and archeabac 
teria. 

0.136. The terms “ratio of the alleles' or “allelic ratio” as 
used herein refer to the ratio of the population of one allele 
and the population of the other allele in a sample. In some 
trisomic cases, it is possible that a fetus may be tri-allelic for 
a particular locus. In such cases, the term “ratio of the alleles' 
refers to the ratio of the population of any one allele against 
one of the other alleles, or any one allele against the other two 
alleles. 

0.137 The term “non-polymorphism-based quantitative 
method’ as used herein refers to a method for determining the 
amount of an analyte (e.g., total nucleic acid, Y-chromosome 
nucleic acid, or fetal nucleic acid) that does not require the use 
of a polymorphic marker or sequence. Although a polymor 
phism may be present in the sequence, said polymorphism is 
not required to quantify the sequence. Examples of non 
polymorphism-based quantitative methods include, but are 
not limited to, RT-PCR, digital PCR, array-based methods, 
sequencing methods, nanopore-based methods, nucleic acid 
bound bead-based counting methods and competitor-based 
methods where one or more competitors are introduced at a 
known concentration(s) to determine the amount of one or 
more analytes. In some embodiments, some of the above 
exemplary methods (for example, sequencing) may need to 
be actively modified or designed Such that one or more poly 
morphisms are not interrogated. 
0.138. As used herein, a “competitor oligonucleotide' or 
“competitive oligonucleotide' or “competitor is a nucleic 
acid polymer that competes with a target nucleotide sequence 
for hybridization of amplification primers. Often, a competi 
tor has a similar nucleotide sequence as a corresponding 
target nucleotide sequence. In some cases, a competitor 
sequence and a corresponding target nucleotide sequence 
differ by one or more nucleotides. In some cases, a competitor 
sequence and a corresponding target nucleotide sequence are 
the same length. In some cases, the competitor optionally has 
an additional length of nucleotide sequence that is different 
from the target nucleotide sequence. In some embodiments, a 
known amount, or copy number, of competitor is used. In 
Some embodiments, two or more competitors are used. In 
Some cases, the two or more competitors possess similar 
characteristics (e.g. sequence, length, detectable label). In 
Some cases, the two or more competitors possess different 
characteristics (e.g. sequence, length, detectable label). In 
Some embodiments, one or more competitors are used for a 
particular region. In some cases, the competitor possesses a 
characteristic that is unique for each set of competitors for a 
given region. Often, competitors for different regions possess 
different characteristics. 
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0.139. A competitor oligonucleotide may be composed of 
naturally occurring and/or non-naturally occurring nucle 
otides (e.g., labeled nucleotides), or a mixture thereof. Com 
petitor oligonucleotides suitable for use with embodiments 
described herein, may be synthesized and labeled using 
known techniques. Competitor oligonucleotides may be 
chemically synthesized according to any Suitable method 
known, for example, the Solid phase phosphoramidite triester 
method first described by Beaucage and Caruthers, Tetrahe 
dron Letts. 22:1859-1862, 1981, using an automated synthe 
sizer, as described in Needham-VanDevanter et al., Nucleic 
Acids Res. 12:6159-6168, 1984. Purification of competitor 
oligonucleotides can be effected by any suitable method 
known, for example, native acrylamide gel electrophoresis or 
by anion-exchange high-performance liquid chromatography 
(HPLC), for example, as described in Pearson and Regnier, J. 
Chrom. 255:137-149, 1983. 
0140. The terms “absolute amount’ or “copy number as 
used herein refers to the amount or quantity of an analyte 
(e.g., total nucleic acid or fetal nucleic acid). The present 
technology provides compositions and processes for deter 
mining the absolute amount of fetal nucleic acid in a mixed 
maternal sample. Absolute amount or copy number repre 
sents the number of molecules available for detection, and 
may be expressed as the genomic equivalents per unit. The 
term “concentration” refers to the amount or proportion of a 
Substance in a mixture or Solution (e.g., the amount of fetal 
nucleic acid in a maternal sample that comprises a mixture of 
maternal and fetal nucleic acid). The concentration may be 
expressed as a percentage, which is used to express how 
large/small one quantity is, relative to another quantity as a 
fraction of 100. Platforms for determining the quantity or 
amount of an analyte (e.g., target nucleic acid) include, but 
are not limited to, mass spectrometery, digital PCR, sequenc 
ing by synthesis platforms (e.g., pyrosequencing), fluores 
cence spectroscopy and flow cytometry. 
0141. The term “sample” as used herein refers to a speci 
men containing nucleic acid. Examples of samples include, 
but are not limited to, tissue, bodily fluid (for example, blood, 
serum, plasma, saliva, urine, tears, peritoneal fluid, ascitic 
fluid, vaginal secretion, breast fluid, breast milk, lymph fluid, 
cerebrospinal fluid or mucosa secretion), umbilical cord 
blood, chorionic villi, amniotic fluid, an embryo, a two-celled 
embryo, a four-celled embryo, an eight-celled embryo, a 
16-celled embryo, a 32-celled embryo, a 64-celled embryo, a 
128-celled embryo, a 256-celled embryo, a 512-celled 
embryo, a 1024-celled embryo, embryonic tissues, lymph 
fluid, cerebrospinal fluid, mucosa secretion, or other body 
exudate, fecal matter, an individual cell or extract of the such 
Sources that contain the nucleic acid of the same, and Subcel 
lular structures such as mitochondria, using protocols well 
established within the art. 
0142 Fetal DNA can be obtained from sources including 
but not limited to maternal blood, maternal serum, maternal 
plasma, fetal cells, umbilical cord blood, chorionic villi, 
amniotic fluid, urine, saliva, lung lavage, cells or tissues. 
0143. The term “blood as used herein refers to a blood 
sample or preparation from a pregnant woman or a woman 
being tested for possible pregnancy. The term encompasses 
whole blood or any fractions of blood, such as serum and 
plasma as conventionally defined. 
0144. The term “bisulfite' as used herein encompasses all 
types of bisulfites, such as sodium bisulfite, that are capable of 
chemically converting a cytosine (C) to a uracil (U) without 
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chemically modifying a methylated cytosine and therefore 
can be used to differentially modify a DNA sequence based 
on the methylation status of the DNA. 
0145 As used herein, a reagent or agent that “differen 

tially modifies' methylated or non-methylated DNA encom 
passes any reagent that modifies methylated and/or unmethy 
lated DNA in a process through which distinguishable 
products result from methylated and non-methylated DNA, 
thereby allowing the identification of the DNA methylation 
status. Such processes may include, but are not limited to, 
chemical reactions (such as a C->U conversion by bisulfite) 
and enzymatic treatment (such as cleavage by a methylation 
dependent endonuclease). Thus, an enzyme that preferen 
tially cleaves or digests methylated DNA is one capable of 
cleaving or digesting a DNA molecule at a much higher 
efficiency when the DNA is methylated, whereas an enzyme 
that preferentially cleaves or digests unmethylated DNA 
exhibits a significantly higher efficiency when the DNA is not 
methylated. 
0146 The terms “non-bisulfite-based method” and “non 
bisulfite-based quantitative method’ as used herein refer to 
any method for quantifying methylated or non-methylated 
nucleic acid that does not require the use of bisulfite. The 
terms also refer to methods for preparing a nucleic acid to be 
quantified that do not require bisulfite treatment. Examples of 
non-bisulfite-based methods include, but are not limited to, 
methods for digesting nucleic acid using one or more methy 
lation sensitive enzymes and methods for separating nucleic 
acid using agents that bind nucleic acid based on methylation 
Status. 

0147 The terms “methyl-sensitive enzymes' and “methy 
lation sensitive restriction enzymes' are DNA restriction 
endonucleases that are dependent on the methylation State of 
their DNA recognition site for activity. For example, there are 
methyl-sensitive enzymes that cleave or digest at their DNA 
recognition sequence only if it is not methylated. Thus, an 
unmethylated DNA sample will be cut into smaller fragments 
than a methylated DNA sample. Similarly, a hypermethylated 
DNA sample will not be cleaved. In contrast, there are 
methyl-sensitive enzymes that cleave at their DNA recogni 
tion sequence only if it is methylated. As used herein, the 
terms “cleave”, “cut” and “digest are used interchangeably. 
0.148. The term “target nucleic acid as used herein refers 
to a nucleic acid examined using the methods disclosed herein 
to determine if the nucleic acid is part of a pregnancy-related 
disorder or chromosomal abnormality. For example, a target 
nucleic acid from chromosome 21 could be examined using 
the methods of the technology herein to detect Down's Syn 
drome. 

0.149 The term “control nucleic acid' as used herein refers 
to a nucleic acid used as a reference nucleic acid according to 
the methods disclosed herein to determine if the nucleic acid 
is part of a chromosomal abnormality. For example, a control 
nucleic acid from a chromosome other than chromosome 21 
(herein referred to as a “reference chromosome') could be as 
a reference sequence to detect Down's Syndrome. In some 
embodiments, the control sequence has a known or predeter 
mined quantity. 
0150. The term “sequence-specific' or “locus-specific 
method’ as used herein refers to a method that interrogates 
(for example, quantifies) nucleic acid at a specific location (or 
locus) in the genome based on the sequence composition. 
Sequence-specific or locus-specific methods allow for the 
quantification of specific regions or chromosomes. 
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0151. The term “gene' means the segment of DNA 
involved in producing a polypeptide chain; it includes regions 
preceding and following the coding region (leader and trailer) 
involved in the transcription/translation of the gene product 
and the regulation of the transcription/translation, as well as 
intervening sequences (introns) between individual coding 
segments (exons). 
0152. In this application, the terms “polypeptide.” “pep 

tide.” and “protein’ are used interchangeably herein to refer 
to a polymer of amino acid residues. The terms apply to amino 
acid polymers in which one or more amino acid residue is an 
artificial chemical mimetic of a corresponding naturally 
occurring amino acid, as well as to naturally occurring amino 
acid polymers and non-naturally occurring amino acid poly 
mers. As used herein, the terms encompass amino acid chains 
of any length, including full-length proteins (i.e., antigens), 
where the amino acid residues are linked by covalent peptide 
bonds. 
0153. The term "amino acid refers to naturally occurring 
and synthetic amino acids, as well as amino acid analogs and 
amino acid mimetics that function in a manner similar to the 
naturally occurring amino acids. Naturally occurring amino 
acids are those encoded by the genetic code, as well as those 
amino acids that are later modified, e.g., hydroxyproline, 
gamma.-carboxyglutamate, and O-phosphoserine. 
0154 Amino acids may be referred to herein by either the 
commonly known three letter symbols or by the one-letter 
symbols recommended by the IUPAC-IUB Biochemical 
Nomenclature Commission. Nucleotides, likewise, may be 
referred to by their commonly accepted single-letter codes. 
0155 “Primers' as used herein refer to oligonucleotides 
that can be used in an amplification method, Such as a poly 
merase chain reaction (PCR), to amplify a nucleotide 
sequence based on the polynucleotide sequence correspond 
ing to a particular genomic sequence, e.g., one located within 
the CpG island CG1137, PDE9A, or CGI009 on chromosome 
21, in various methylation status. At least one of the PCR 
primers for amplification of a polynucleotide sequence is 
sequence-specific for the sequence. 
0156 The term “template” refers to any nucleic acid mol 
ecule that can be used for amplification in the technology 
herein. RNA or DNA that is not naturally double stranded can 
be made into double stranded DNA so as to be used as tem 
plate DNA. Any double stranded DNA or preparation con 
taining multiple, different double stranded DNA molecules 
can be used as template DNA to amplify a locus or loci of 
interest contained in the template DNA. 
0157. The term “amplification reaction” as used herein 
refers to a process for copying nucleic acid one or more times. 
In embodiments, the method of amplification includes but is 
not limited to polymerase chain reaction, self-sustained 
sequence reaction, ligase chain reaction, rapid amplification 
of cDNA ends, polymerase chain reaction and ligase chain 
reaction, Q-beta phage amplification, Strand displacement 
amplification, or splice overlap extension polymerase chain 
reaction. In some embodiments, a single molecule of nucleic 
acid is amplified, for example, by digital PCR. 
0158. The term “sensitivity” as used herein refers to the 
number of true positives divided by the number of true posi 
tives plus the number of false negatives, where sensitivity 
(sens) may be within the range of Ossenss1. Ideally, method 
embodiments herein have the number of false negatives 
equaling Zero or close to equaling Zero, so that no Subject is 
wrongly identified as not having at least one chromosome 
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abnormality or other genetic disorder when they indeed have 
at least one chromosome abnormality or other genetic disor 
der. Conversely, an assessment often is made of the ability of 
a prediction algorithm to classify negatives correctly, a 
complementary measurement to sensitivity. The term "speci 
ficity” as used herein refers to the number of true negatives 
divided by the number of true negatives plus the number of 
false positives, where sensitivity (spec) may be within the 
range of 0 spec 1. Ideally, methods embodiments herein have 
the number of false positives equaling Zero or close to equal 
ing Zero, so that no Subject wrongly identified as having at 
least one chromosome abnormality other genetic disorder 
when they do not have the chromosome abnormality other 
genetic disorder being assessed. Hence, a method that has 
sensitivity and specificity equaling one, or 100%, sometimes 
is selected. 

0159. One or more prediction algorithms may be used to 
determine significance or give meaning to the detection data 
collected under variable conditions that may be weighed 
independently of or dependently on each other. The term 
“variable' as used herein refers to a factor, quantity, or func 
tion of an algorithm that has a value or set of values. For 
example, a variable may be the design of a set of amplified 
nucleic acid species, the number of sets of amplified nucleic 
acid species, percent fetal genetic contribution tested, percent 
maternal genetic contribution tested, type of chromosome 
abnormality assayed, type of genetic disorder assayed, type 
of sex-linked abnormalities assayed, the age of the mother 
and the like. The term “independent” as used herein refers to 
not being influenced or not being controlled by another. The 
term “dependent as used herein refers to being influenced or 
controlled by another. For example, a particular chromosome 
and a trisomy event occurring for that particular chromosome 
that results in a viable being are variables that are dependent 
upon each other. 
0160 One of skill in the art may use any type of method or 
prediction algorithm to give significance to the data of the 
present technology within an acceptable sensitivity and/or 
specificity. For example, prediction algorithms such as Chi 
squared test, Z-test, t-test, ANOVA (analysis of variance), 
regression analysis, neural nets, fuZZy logic, Hidden Markov 
Models, multiple model state estimation, and the like may be 
used. One or more methods or prediction algorithms may be 
determined to give significance to the data having different 
independent and/or dependent variables of the present tech 
nology. And one or more methods or prediction algorithms 
may be determined not to give significance to the data having 
different independent and/or dependent variables of the 
present technology. One may design or change parameters of 
the different variables of methods described herein based on 
results of one or more prediction algorithms (e.g., number of 
sets analyzed, types of nucleotide species in each set). For 
example, applying the Chi-squared test to detection data may 
Suggest that specific ranges of maternal age are correlated to 
a higher likelihood of having an offspring with a specific 
chromosome abnormality, hence the variable of maternal age 
may be weighed differently verses being weighed the same as 
other variables. 

0.161. In certain embodiments, several algorithms may be 
chosen to be tested. These algorithms can be trained with raw 
data. For each new raw data sample, the trained algorithms 
will assign a classification to that sample (i.e. trisomy or 
normal). Based on the classifications of the new raw data 
samples, the trained algorithms performance may be 
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assessed based on sensitivity and specificity. Finally, an algo 
rithm with the highest sensitivity and/or specificity or com 
bination thereof may be identified. 

DETAILED DESCRIPTION 

0162 The presence of fetal nucleic acid in maternal 
plasma was first reported in 1997 and offers the possibility for 
non-invasive prenatal diagnosis simply through the analysis 
of a maternal blood sample (Lo et al., Lancet 350:485-487. 
1997). To date, numerous potential clinical applications have 
been developed. In particular, quantitative abnormalities of 
fetal nucleic acid, for example DNA, concentrations in mater 
nal plasma have been found to be associated with a number of 
pregnancy-associated disorders, including preeclampsia, 
preterm labor, antepartum hemorrhage, invasive placenta 
tion, fetal Down syndrome, and other fetal chromosomal 
aneuploidies. Hence, fetal nucleic acid analysis in maternal 
plasma represents a powerful mechanism for the monitoring 
of fetomaternal well-being. 
0163. However, fetal DNA co-exists with background 
maternal DNA in maternal plasma. Hence, most reported 
applications have relied on the detection of Y-chromosome 
sequences as these are most conveniently distinguishable 
from maternal DNA. Such an approach limits the applicabil 
ity of the existing assays to only 50% of all pregnancies, 
namely those with male fetuses. Thus, there is much need for 
the development of sex-independent compositions and meth 
ods for enriching and analyzing fetal nucleic acid from a 
maternal sample. Also, methods that rely on polymorphic 
markers to quantify fetal nucleic acid may be susceptible to 
varying heterozygosity rates across different ethnicities 
thereby limiting their applicability (e.g., by increasing the 
number of markers that are needed). 
0164. It was previously demonstrated that fetal and mater 
nal DNA can be distinguished by their differences in methy 
lation status (U.S. Pat. No. 6,927,028, which is hereby incor 
porated by reference). Methylation is an epigenetic 
phenomenon, which refers to processes that alter a phenotype 
without involving changes in the DNA sequence. By exploit 
ing the difference in the DNA methylation status between 
mother and fetus, one can Successfully detect and analyze 
fetal nucleic acid in a background of maternal nucleic acid. 
0.165. The present inventors provides novel genomic poly 
nucleotides that are differentially methylated between the 
fetal DNA from the fetus (e.g., from the placenta) and the 
maternal DNA from the mother, for example from peripheral 
blood cells. This discovery thus provides a new approach for 
distinguishing fetal and maternal genomic DNA and new 
methods for accurately quantifying fetal nucleic which may 
be used for non-invasive prenatal diagnosis. 

Methodology 

0166 Practicing the technology herein utilizes routine 
techniques in the field of molecular biology. Basic texts dis 
closing the general methods of use in the technology herein 
include Sambrook and Russell, Molecular Cloning, A Labo 
ratory Manual (3rd ed. 2001); Kriegler, Gene Transfer and 
Expression: A Laboratory Manual (1990); and Current Pro 
tocols in Molecular Biology (Ausubel et al., eds., 1994)). 
0167 For nucleic acids, sizes are given in either kilobases 
(kb) or base pairs (bp). These are estimates derived from 
agarose or acrylamide gel electrophoresis, from sequenced 
nucleic acids, or from published DNA sequences. For pro 
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teins, sizes are given in kilodaltons (kDa) or amino acid 
residue numbers. Protein sizes are estimated from gel elec 
trophoresis, from sequenced proteins, from derived amino 
acid sequences, or from published protein sequences. 
0168 Oligonucleotides that are not commercially avail 
able can be chemically synthesized, e.g., according to the 
solid phase phosphoramidite triester method first described 
by Beaucage & Caruthers, Tetrahedron Lett. 22: 1859-1862 
(1981), using an automated synthesizer, as described in Van 
Devanter et. al., Nucleic Acids Res. 12: 6159-6168 (1984). 
Purification of oligonucleotides is performed using any art 
recognized strategy, e.g., native acrylamide gel electrophore 
sis oranion-exchange high performance liquid chromatogra 
phy (HPLC) as described in Pearson & Reanier, J. Chrom. 
255:137-149 (1983). 

Samples 

0169 Provided herein are methods and compositions for 
analyzing nucleic acid. In some embodiments, nucleic acid 
fragments in a mixture of nucleic acid fragments are ana 
lyzed. A mixture of nucleic acids can comprise two or more 
nucleic acid fragment species having different nucleotide 
sequences, different fragment lengths, different origins (e.g., 
genomic origins, fetal vs. maternal origins, cell or tissue 
origins, sample origins, Subject origins, and the like), or com 
binations thereof. 
(0170 Nucleic acid or a nucleic acid mixture utilized in 
methods and apparatuses described herein often is isolated 
from a sample obtained from a subject. A subject can be any 
living or non-living organism, including but not limited to a 
human, a non-human animal, a plant, a bacterium, a fungus or 
a protist. Any human or non-human animal can be selected, 
including but not limited to mammal, reptile, avian, amphib 
ian, fish, ungulate, ruminant, bovine (e.g., cattle), equine 
(e.g., horse), caprine and Ovine (e.g., sheep,goat), Swine (e.g., 
pig), camelid (e.g., camel, llama, alpaca), monkey, ape (e.g., 
gorilla, chimpanzee), ursid (e.g., bear), poultry, dog, cat, 
mouse, rat, fish, dolphin, whale and shark. A subject may be 
a male or female (e.g., woman). 
0171 Nucleic acid may be isolated from any type of suit 
able biological specimen or sample. Non-limiting examples 
of specimens include fluid or tissue from a subject, including, 
without limitation, umbilical cord blood, chorionic villi, 
amniotic fluid, cerbrospinal fluid, spinal fluid, lavage fluid 
(e.g., bronchoalveolar, gastric, peritoneal, ductal, ear, athro 
scopic), biopsy sample (e.g., from pre-implantation embryo), 
celocentesis sample, fetal nucleated cells or fetal cellular 
remnants, washings of female reproductive tract, urine, feces, 
sputum, saliva, nasal mucous, prostate fluid, lavage, semen, 
lymphatic fluid, bile, tears, sweat, breast milk, breast fluid, 
embryonic cells and fetal cells (e.g. placental cells). In some 
embodiments, a biological sample is a cervical Swab from a 
Subject. In some embodiments, a biological sample may be 
blood and sometimes plasma or serum. As used herein, the 
term “blood encompasses whole blood or any fractions of 
blood, Such as serum and plasma as conventionally defined, 
for example. Blood plasma refers to the fraction of whole 
blood resulting from centrifugation of blood treated with 
anticoagulants. Blood serum refers to the watery portion of 
fluid remaining after a blood sample has coagulated. Fluid or 
tissue samples often are collected in accordance with stan 
dard protocols hospitals or clinics generally follow. For 
blood, an appropriate amount of peripheral blood (e.g., 
between 3-40 milliliters) often is collected and can be stored 
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according to standard procedures prior to further preparation. 
A fluid or tissue sample from which nucleic acid is extracted 
may be acellular. In some embodiments, a fluid or tissue 
sample may contain cellular elements or cellular remnants. In 
some embodiments fetal cells or cancer cells may be included 
in the sample. 
0172 A sample often is heterogeneous, by which is meant 
that more than one type of nucleic acid species is present in 
the sample. For example, heterogeneous nucleic acid can 
include, but is not limited to, (i) fetally derived and maternally 
derived nucleic acid, (ii) cancer and non-cancer nucleic acid, 
(iii) pathogen and host nucleic acid, and more generally, (iv) 
mutated and wild-type nucleic acid. A sample may be hetero 
geneous because more than one cell type is present, Such as a 
fetal cell and a maternal cell, a cancer and non-cancer cell, or 
a pathogenic and host cell. In some embodiments, a minority 
nucleic acid species and a majority nucleic acid species is 
present. 
0173 For prenatal applications of technology described 
herein, fluid or tissue sample may be collected from a female 
at a gestational age Suitable for testing, or from a female who 
is being tested for possible pregnancy. Suitable gestational 
age may vary depending on the prenatal test being performed. 
In certain embodiments, a pregnant female Subject sometimes 
is in the first trimester of pregnancy, at times in the second 
trimester of pregnancy, or sometimes in the third trimester of 
pregnancy. In certain embodiments, a fluid or tissue is col 
lected from a pregnant female between about 1 to about 45 
weeks of fetal gestation (e.g., at 1-4, 4-8, 8-12, 12-16, 16-20, 
20-24, 24-28, 28-32, 32-36, 36-40 or 40-44 weeks of fetal 
gestation), and sometimes between about 5 to about 28 weeks 
offetal gestation (e.g., at 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27 weeks of fetal 
gestation). 

Acquisition of Blood Samples and Extraction of DNA 
0.174. The present technology relates to separating, 
enriching and analyzing fetal DNA found in maternal blood 
as a non-invasive means to detect the presence and/or to 
monitor the progress of a pregnancy-associated condition or 
disorder. Thus, the first steps of practicing the technology 
herein are to obtain a blood sample from a pregnant woman 
and extract DNA from the sample. 
0175 Acquisition of Blood Samples 
0176 A blood sample is obtained from a pregnant woman 
at a gestational age Suitable for testing using a method of the 
present technology. The Suitable gestational age may vary 
depending on the disorder tested, as discussed below. Collec 
tion of blood from a woman is performed in accordance with 
the standard protocol hospitals or clinics generally follow. An 
appropriate amount of peripheral blood, e.g., typically 
between 5-50 ml, is collected and may be stored according to 
standard procedure prior to further preparation. Blood 
samples may be collected, stored or transported in a manner 
known to the person of ordinary skill in the art to minimize 
degradation or the quality of nucleic acid present in the 
sample. 
(0177 Preparation of Blood Samples 
(0178. The analysis of fetal DNA found in maternal blood 
according to the present technology may be performed using, 
e.g., the whole blood, serum, or plasma. The methods for 
preparing serum or plasma from maternal blood are well 
known among those of skill in the art. For example, a pregnant 
woman’s blood can be placed in a tube containing EDTA or a 

Apr. 3, 2014 

specialized commercial product such as Vacutainer SST 
(Becton Dickinson, Franklin Lakes, N.J.) to prevent blood 
clotting, and plasma can then be obtained from whole blood 
through centrifugation. On the other hand, serum may be 
obtained with or without centrifugation-following blood clot 
ting. If centrifugation is used then it is typically, though not 
exclusively, conducted at an appropriate speed, e.g., 1,500-3, 
000 times g. Plasma or serum may be subjected to additional 
centrifugation steps before being transferred to a fresh tube 
for DNA extraction. 
0179. In addition to the acellular portion of the whole 
blood, DNA may also be recovered from the cellular fraction, 
enriched in the buffy coat portion, which can be obtained 
following centrifugation of a whole blood sample from the 
woman and removal of the plasma. 
0180 Extraction of DNA 
0181. There are numerous known methods for extracting 
DNA from a biological sample including blood. The general 
methods of DNA preparation (e.g., described by Sambrook 
and Russell, Molecular Cloning: A Laboratory Manual 3d 
ed., 2001) can be followed; various commercially available 
reagents or kits, such as Qiagen's QIAamp Circulating 
Nucleic Acid Kit, QiaAmp DNA Mini Kit or QiaAmp DNA 
Blood Mini Kit (Qiagen, Hilden, Germany), GenomicPrepTM 
Blood DNA Isolation Kit (Promega, Madison, Wis.), and 
GFXTM Genomic Blood DNA Purification Kit (Amersham, 
Piscataway, N.J.), may also be used to obtain DNA from a 
blood sample from a pregnant woman. Combinations of more 
than one of these methods may also be used. 
0182. In some embodiments, the sample may first be 
enriched or relatively enriched for fetal nucleic acid by one or 
more methods. For example, the discrimination of fetal and 
maternal DNA can be performed using the compositions and 
processes of the present technology alone or in combination 
with other discriminating factors. Examples of these factors 
include, but are not limited to, single nucleotide differences 
between chromosome X and Y chromosome Y-specific 
sequences, polymorphisms located elsewhere in the genome, 
size differences between fetal and maternal DNA and differ 
ences in methylation pattern between maternal and fetal tis 
SUS. 

0183. Other methods for enriching a sample for a particu 
lar species of nucleic acid are described in PCT Patent Appli 
cation Number PCT/US07/69991, filed May 30, 2007, PCT 
Patent Application Number PCT/US2007/071232, filed Jun. 
15, 2007, U.S. Provisional Application Nos. 60/968,876 and 
60/968,878 (assigned to the Applicant), (PCT Patent Appli 
cation Number PCT/EP05/012707, filed Nov. 28, 2005) 
which are all hereby incorporated by reference. In certain 
embodiments, maternal nucleic acid is selectively removed 
(either partially, Substantially, almost completely or com 
pletely) from the sample. 

Nucleic Acid Isolation and Processing 
0.184 Nucleic acid may be derived from one or more 
Sources (e.g., cells, soil, etc.) by methods known in the art. 
Cell lysis procedures and reagents are known in the art and 
may generally be performed by chemical, physical, or elec 
trolytic lysis methods. For example, chemical methods gen 
erally employ lysing agents to disrupt cells and extract the 
nucleic acids from the cells, followed by treatment with chao 
tropic salts. Physical methods such as freeze/thaw followed 
by grinding, the use of cell presses and the like also are useful. 
High salt lysis procedures also are commonly used. For 
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example, an alkaline lysis procedure may be utilized. The 
latter procedure traditionally incorporates the use of phenol 
chloroform solutions, and an alternative phenol-chloroform 
free procedure involving three solutions can be utilized. In the 
latter procedures, one solution can contain 15 mM Tris, pH 
8.0; 10 mM EDTA and 100 ug/ml Rnase A; a second solution 
can contain 0.2N NaOH and 1% SDS; and a third solution can 
contain 3M KOAc, pH 5.5. These procedures can be found in 
Current Protocols in Molecular Biology, John Wiley & Sons, 
N.Y., 6.3.1-6.3.6 (1989), incorporated herein in its entirety. 
0185. The terms “nucleic acid' and “nucleic acid mol 
ecule' are used interchangeably. The terms refer to nucleic 
acids of any composition form, Such as deoxyribonucleic acid 
(DNA, e.g., complementary DNA (cDNA), genomic DNA 
(gDNA) and the like), ribonucleic acid (RNA, e.g., message 
RNA (mRNA), short inhibitory RNA (siRNA), ribosomal 
RNA (rRNA), transfer RNA (tRNA), microRNA, RNA 
highly expressed by the fetus or placenta, and the like), and/or 
DNA or RNA analogs (e.g., containing base analogs, Sugar 
analogs and/or a non-native backbone and the like), RNA/ 
DNA hybrids and polyamide nucleic acids (PNAS), all of 
which can be in single- or double-stranded form. 
0186. Unless otherwise limited, a nucleic acid can com 
prise known analogs of natural nucleotides, some of which 
can function in a similar manner as naturally occurring nucle 
otides. A nucleic acid can be in any form useful for conduct 
ing processes herein (e.g., linear, circular, Supercoiled, 
single-stranded, double-stranded and the like). A nucleic acid 
may be, or may be from, a plasmid, phage, autonomously 
replicating sequence (ARS), centromere, artificial chromo 
Some, chromosome, or other nucleic acidable to replicate or 
be replicated in vitro or in a host cell, a cell, a cell nucleus or 
cytoplasm of a cell in certain embodiments. A nucleic acid in 
Some embodiments can be from a single chromosome (e.g., a 
nucleic acid sample may be from one chromosome of a 
sample obtained from a diploid organism). Nucleic acids also 
include derivatives, variants and analogs of RNA or DNA 
synthesized, replicated or amplified from single-stranded 
(“sense' or “antisense”, “plus' strand or “minus’ strand, 
“forward reading frame or “reverse' reading frame) and 
double-stranded polynucleotides. Deoxyribonucleotides 
include deoxyadenosine, deoxycytidine, deoxyguanosine 
and deoxythymidine. For RNA, the base cytosine is replaced 
with uracil and the Sugar 2 position includes a hydroxyl 
moiety. A nucleic acid may be prepared using a nucleic acid 
obtained from a subject as a template. 
0187. Nucleic acid may be isolated at a different time point 
as compared to another nucleic acid, where each of the 
samples is from the same or a different source. A nucleic acid 
may be from a nucleic acid library, such as a cDNA or RNA 
library, for example. A nucleic acid may be a result of nucleic 
acid purification or isolation and/or amplification of nucleic 
acid molecules from the sample. 
0188 Nucleic acid provided for processes described 
herein may contain nucleic acid from one sample or from two 
or more samples (e.g., from 1 or more, 2 or more, 3 or more, 
4 or more, 5 or more, 6 or more, 7 or more, 8 or more, 9 or 
more, 10 or more, 11 or more, 12 or more, 13 or more, 14 or 
more, 15 or more, 16 or more, 17 or more, 18 or more, 19 or 
more, or 20 or more samples). 
0189 Nucleic acid can include extracellular nucleic acid 
in certain embodiments. The term "extracellular nucleic acid 
as used herein refers to nucleic acid isolated from a source 
having substantially no cells and also is referred to as “cell 
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free' nucleic acid and/or “cell-free circulating nucleic acid. 
Extracellular nucleic acid often includes no detectable cells 
and may contain cellular elements or cellular remnants. Non 
limiting examples of acellular sources for extracellular 
nucleic acid are blood plasma, blood serum and urine. As used 
herein, the term “obtain cell-free circulating sample nucleic 
acid' includes obtaining a sample directly (e.g., collecting a 
sample) or obtaining a sample from another who has col 
lected a sample. Without being limited by theory, extracellu 
lar nucleic acid may be a product of cell apoptosis and cell 
breakdown, which provides basis for extracellular nucleic 
acid often having a series of lengths across a spectrum (e.g., a 
“ladder”). 
0190. Extracellular nucleic acid can include different 
nucleic acid species, and therefore is referred to herein as 
"heterogeneous” in certain embodiments. For example, blood 
serum or plasma from a person having cancer can include 
nucleic acid from cancer cells and nucleic acid from non 
cancer cells. In another example, blood serum or plasma from 
a pregnant female can include maternal nucleic acid and fetal 
nucleic acid. In some instances, fetal nucleic acid sometimes 
is about 5% to about 50% of the overall nucleic acid (e.g., 
about 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33,34, 35,36, 37,38, 
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, or 49% of the total 
nucleic acid is fetal nucleic acid). In some embodiments, the 
majority of fetal nucleic acid in nucleic acid is of a length of 
about 500 base pairs or less (e.g., about 80, 85,90,91, 92,93, 
94, 95, 96, 97,98, 99 or 100% of fetal nucleic acid is of a 
length of about 500 base pairs or less). In some embodiments, 
the majority of fetal nucleic acid in nucleic acid is of a length 
of about 250 base pairs or less (e.g., about 80, 85,90, 91.92, 
93, 94, 95, 96, 97,98, 99 or 100% of fetal nucleic acid is of a 
length of about 250 base pairs or less). In some embodiments, 
the majority of fetal nucleic acid in nucleic acid is of a length 
of about 200 base pairs or less (e.g., about 80, 85,90, 91.92, 
93, 94, 95, 96, 97,98, 99 or 100% of fetal nucleic acid is of a 
length of about 200 base pairs or less). In some embodiments, 
the majority of fetal nucleic acid in nucleic acid is of a length 
of about 150 base pairs or less (e.g., about 80, 85,90, 91.92, 
93, 94, 95, 96, 97,98, 99 or 100% of fetal nucleic acid is of a 
length of about 150 base pairs or less). In some embodiments, 
the majority of fetal nucleic acid in nucleic acid is of a length 
of about 100 base pairs or less (e.g., about 80, 85,90, 91.92, 
93, 94, 95, 96, 97,98, 99 or 100% of fetal nucleic acid is of a 
length of about 100 base pairs or less). 
0191) Nucleic acid may be provided for conducting meth 
ods described herein without processing of the sample(s) 
containing the nucleic acid, in certain embodiments. In some 
embodiments, nucleic acid is provided for conducting meth 
ods described herein after processing of the sample(s) con 
taining the nucleic acid. For example, a nucleic acid may be 
extracted, isolated, purified or amplified from the sample(s). 
The term "isolated as used herein refers to nucleic acid 
removed from its original environment (e.g., the natural envi 
ronment if it is naturally occurring, or a host cell if expressed 
exogenously), and thus is altered by human intervention (e.g., 
“by the hand of man') from its original environment. An 
isolated nucleic acid is provided with fewer non-nucleic acid 
components (e.g., protein, lipid) than the amount of compo 
nents present in a source sample. A composition comprising 
isolated nucleic acid can be about 90%, 91%, 92%, 93%, 
94%. 95%, 96%, 97%, 98%, 99% or greater than 99% free of 
non-nucleic acid components. The term “purified as used 
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herein refers to nucleic acid provided that contains fewer 
nucleic acid species than in the sample source from which the 
nucleic acid is derived. A composition comprising nucleic 
acid may be about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%.98%, 99% or greater than 99% free of other nucleic acid 
species. The term “amplified as used herein refers to sub 
jecting nucleic acid of a sample to a process that linearly or 
exponentially generates amplicon nucleic acids having the 
same or Substantially the same nucleotide sequence as the 
nucleotide sequence of the nucleic acid in the sample, or 
portion thereof. 
0.192 Nucleic acid also may be processed by subjecting 
nucleic acid to a method that generates nucleic acid frag 
ments, in certain embodiments, before providing nucleic acid 
for a process described herein. In some embodiments, nucleic 
acid Subjected to fragmentation or cleavage may have a nomi 
nal, average or mean length of about 5 to about 10,000 base 
pairs, about 100 to about 1,000 base pairs, about 100 to about 
500 base pairs, or about 10, 15, 20, 25, 30, 35, 40, 45, 50,55, 
60, 65, 70, 75, 80, 85,90, 95, 100, 200, 300, 400, 500, 600, 
700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 
8000 or 9000 base pairs. Fragments can be generated by any 
Suitable method known in the art, and the average, mean or 
nominal length of nucleic acid fragments can be controlled by 
selecting an appropriate fragment-generating procedure. In 
certain embodiments, nucleic acid of a relatively shorter 
length can be utilized to analyze sequences that contain little 
sequence variation and/or contain relatively large amounts of 
known nucleotide sequence information. In some embodi 
ments, nucleic acid of a relatively longer length can be uti 
lized to analyze sequences that contain greater sequence 
variation and/or contain relatively small amounts of nucle 
otide sequence information. 
0193 Nucleic acid fragments may contain overlapping 
nucleotide sequences, and Such overlapping sequences can 
facilitate construction of a nucleotide sequence of the non 
fragmented counterpart nucleic acid, or a portion thereof. For 
example, one fragment may have Subsequences X and y and 
another fragment may have Subsequences y and Z, where X, y 
and Z are nucleotide sequences that can be 5 nucleotides in 
length or greater. Overlap sequencey can be utilized to facili 
tate construction of the X-y-Z nucleotide sequence in nucleic 
acid from a sample in certain embodiments. Nucleic acid may 
be partially fragmented (e.g., from an incomplete or termi 
nated specific cleavage reaction) or fully fragmented in cer 
tain embodiments. 

0194 Nucleic acid can be fragmented by various methods 
known in the art, which include without limitation, physical, 
chemical and enzymatic processes. Non-limiting examples of 
such processes are described in U.S. Patent Application Pub 
lication No. 200501 12590 (published on May 26, 2005, 
entitled "Fragmentation-based methods and systems for 
sequence variation detection and discovery naming Van Den 
Boom et al.). Certain processes can be selected to generate 
non-specifically cleaved fragments or specifically cleaved 
fragments. Non-limiting examples of processes that can gen 
erate non-specifically cleaved fragment nucleic acid include, 
without limitation, contacting nucleic acid with apparatus 
that expose nucleic acid to shearing force (e.g., passing 
nucleic acid through a syringe needle; use of a French press); 
exposing nucleic acid to irradiation (e.g., gamma, X-ray, UV 
irradiation; fragment sizes can be controlled by irradiation 
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intensity); boiling nucleic acid in water (e.g., yields about 500 
base pairfragments) and exposing nucleic acid to an acid and 
base hydrolysis process. 
0.195 As used herein, “fragmentation” or “cleavage' 
refers to a procedure or conditions in which a nucleic acid 
molecule. Such as a nucleic acid template gene molecule or 
amplified product thereof, may be severed into two or more 
Smaller nucleic acid molecules. Such fragmentation or cleav 
age can be sequence specific, base specific, or nonspecific, 
and can be accomplished by any of a variety of methods, 
reagents or conditions, including, for example, chemical, 
enzymatic, physical fragmentation. 
0196. As used herein, “fragments”, “cleavage products', 
“cleaved products” or grammatical variants thereof, refers to 
nucleic acid molecules resultant from a fragmentation or 
cleavage of a nucleic acid template gene molecule or ampli 
fied product thereof. While such fragments or cleaved prod 
ucts can refer to all nucleic acid molecules resultant from a 
cleavage reaction, typically such fragments or cleaved prod 
ucts refer only to nucleic acid molecules resultant from a 
fragmentation or cleavage of a nucleic acid template gene 
molecule or the portion of an amplified product thereof con 
taining the corresponding nucleotide sequence of a nucleic 
acidtemplate gene molecule. For example, an amplified prod 
uct can contain one or more nucleotides more than the ampli 
fied nucleotide region of a nucleic acid template sequence 
(e.g., a primer can contain “extra' nucleotides Such as a 
transcriptional initiation sequence, in addition to nucleotides 
complementary to a nucleic acid template gene molecule, 
resulting in an amplified product containing "extra nucle 
otides or nucleotides not corresponding to the amplified 
nucleotide region of the nucleic acid template gene mol 
ecule). Accordingly, fragments can include fragments arising 
from portions of amplified nucleic acid molecules containing, 
at least in part, nucleotide sequence information from or 
based on the representative nucleic acid template molecule. 
0.197 As used herein, the term “complementary cleavage 
reactions' refers to cleavage reactions that are carried out on 
the same nucleic acid using different cleavage reagents or by 
altering the cleavage specificity of the same cleavage reagent 
Such that alternate cleavage patterns of the same target or 
reference nucleic acid or protein are generated. In certain 
embodiments, nucleic acid may be treated with one or more 
specific cleavage agents (e.g., 1,2,3,4,5,6,7,8,9, 10 or more 
specific cleavage agents) in one or more reaction vessels (e.g., 
nucleic acid is treated with each specific cleavage agent in a 
separate vessel). 
0198 Nucleic acid may be specifically cleaved by contact 
ing the nucleic acid with one or more specific cleavage agents. 
The term “specific cleavage agent as used herein refers to an 
agent, sometimes a chemical or an enzyme that can cleave a 
nucleic acid at one or more specific sites. Specific cleavage 
agents often cleave specifically according to a particular 
nucleotide sequence at a particular site. 
0199 Examples of enzymatic specific cleavage agents 
include without limitation endonucleases (e.g., DNase (e.g., 
DNase I, II); RNase (e.g., RNase E, F, H, P): CleavaseTM 
enzyme: Taq DNA polymerase: E. coli DNA polymerase I 
and eukaryotic structure-specific endonucleases; murine 
FEN-1 endonucleases; type I, II or III restriction endonu 
cleases Such as Acc I, Afl III, Alu I, Alwa4I. Apa I, ASn I, Ava 
I, Ava II, BamHI, Ban II, Bcl I, Bgl I. Bgl II, Bln I, Bsm I, 
BssH II, BstE II, Cfo I, ClaI, Dde I, DpnI, Dra I, Eclx I, EcoR 
I, EcoRI, EcoRII, EcoRV, Hae II, Hae II, HindIII, HindIII, 
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HpaI, HpaII, Kpn I, Ksp I, Mlu I, MluN I, MspI, Nci I, Nco 
I, Nde I, Nde II, Nhe I, Not I, Niru I, Nisi I, Pst I, Pvu I, Pvu II, 
Rsa I, Sac I, Sal I, Sau3A I, Sca I, ScrF I, Sfi I, Sma I, Spe I, 
Sph I, Ssp I, Stu I, Sty I, Swa I, Taq I, Xba I, XhoI; glycosy 
lases (e.g., uracil-DNA glycolsylase (UDG), 3-methylad 
enine DNA glycosylase, 3-methyladenine DNA glycosylase 
II, pyrimidine hydrate-DNA glycosylase, FaPy-DNA glyco 
Sylase, thymine mismatch-DNA glycosylase, hypoxanthine 
DNA glycosylase, 5-Hydroxymethyluracil DNA glycosylase 
(HmUDG), 5-Hydroxymethylcytosine DNA glycosylase, or 
1.N6-etheno-adenine DNA glycosylase); exonucleases (e.g., 
exonuclease III); ribozymes, and DNAZymes. Nucleic acid 
may be treated with a chemical agent, and the modified 
nucleic acid may be cleaved. In non-limiting examples, 
nucleic acid may be treated with (i) alkylating agents such as 
methylnitrosourea that generate several alkylated bases, 
including N3-methyladenine and N3-methylguanine, which 
are recognized and cleaved by alkyl purine DNA-glycosy 
lase; (ii) sodium bisulfite, which causes deamination of 
cytosine residues in DNA to form uracil residues that can be 
cleaved by uracil N-glycosylase; and (iii) a chemical agent 
that converts guanine to its oxidized form, 8-hydroxyguanine, 
which can be cleaved by formamidopyrimidine DNA N-gly 
cosylase. Examples of chemical cleavage processes include 
without limitation alkylation, (e.g., alkylation of phospho 
rothioate-modified nucleic acid); cleavage of acid lability of 
P3'-N5'-phosphoroamidate-containing nucleic acid; and 
osmium tetroxide and piperidine treatment of nucleic acid. 
(0200 Nucleic acid also may be exposed to a process that 
modifies certain nucleotides in the nucleic acid before pro 
viding nucleic acid for a method described herein. A process 
that selectively modifies nucleic acid based upon the methy 
lation state of nucleotides therein can be applied to nucleic 
acid, for example. In addition, conditions such as high tem 
perature, ultraviolet radiation, X-radiation, can induce 
changes in the sequence of a nucleic acid molecule. Nucleic 
acid may be provided in any form useful for conducting a 
sequence analysis or manufacture process described herein, 
Such as Solid or liquid form, for example. In certain embodi 
ments, nucleic acid may be provided in a liquid form option 
ally comprising one or more other components, including 
without limitation one or more buffers or salts. 
0201 Nucleic acid may be single or double stranded. 
Single stranded DNA, for example, can be generated by dena 
turing double stranded DNA by heating or by treatment with 
alkali, for example. In some cases, nucleic acid is in a D-loop 
structure, formed by strand invasion of a duplex DNA mol 
ecule by an oligonucleotide or a DNA-like molecule such as 
peptide nucleic acid (PNA). D loop formation can be facili 
tated by addition of E. Coli RecA protein and/or by alteration 
of Salt concentration, for example, using methods known in 
the art. 

Genomic DNA Target Sequences 

0202 In some embodiments of the methods provided 
herein, one or more nucleic acid species, and sometimes one 
or more nucleotide sequence species, are targeted for ampli 
fication and quantification. In some embodiments, the tar 
geted nucleic acids are genomic DNA sequences. Certain 
genomic DNA target sequences are used, for example, 
because they can allow for the determination of a particular 
feature for a given assay. Genomic DNA target sequences can 
be referred to herein as markers for a given assay. In some 
cases, genomic target sequences are polymorphic, as 
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described herein. In some embodiments, more than one 
genomic DNA target sequence or marker can allow for the 
determination of a particular feature for a given assay. Such 
genomic DNA target sequences are considered to be of a 
particular “region'. As used herein, a “region' is not intended 
to be limited to a description of a genomic location, such as a 
particular chromosome, stretch of chromosomal DNA or 
genetic locus. Rather, the term “region' is used herein to 
identify a collection of one or more genomic DNA target 
sequences or markers that can be indicative of a particular 
assay. Such assays can include, but are not limited to, assays 
for the detection and quantification of fetal nucleic acid, 
assays for the detection and quantification of maternal nucleic 
acid, assays for the detection and quantification of total DNA, 
assays for the detection and quantification of methylated 
DNA, assays for the detection and quantification of fetal 
specific nucleic acid (e.g. chromosome YDNA), and assays 
for the detection and quantification of digested and/or undi 
gested DNA, as an indicator of digestion efficiency. In some 
embodiments, the genomic DNA target sequence is described 
as being within a particular genomic locus. As used herein, a 
genomic locus can include any or a combination of open 
reading frame DNA, non-transcribed DNA, intronic 
sequences, extronic sequences, promoter sequences, 
enhancer sequences, flanking sequences, or any sequences 
considered by one of skill in the art to be associated with a 
given genomic locus. 
(0203 Assays for the Determination of Methylated DNA 
0204. In some embodiments of the methods provided 
herein, one or more genomic DNA target sequences are used 
that can allow for the determination of methylated DNA. 
Generally, genomic DNA target sequences used for the deter 
mination of methylated DNA are differentially methylated in 
fetal and maternal nucleic acid, and thus, differentially 
digested according to the methods provided hereinformethy 
lation-sensitive restriction enzymes. In some cases, a 
genomic DNA target sequence is a single copy gene. In some 
cases, a genomic DNA target sequence is located on chromo 
Some 13, chromosome 18, chromosome 21, chromosome X, 
or chromosome Y. In some cases, a genomic DNA target 
sequence is not located on chromosome 13. In some cases, a 
genomic DNA target sequence is not located on chromosome 
18. In some cases, a genomic DNA target sequence is not 
located on chromosome 21. In some cases, a genomic DNA 
target sequence is not located on chromosome X. In some 
cases, a genomic DNA target sequence is not located on 
chromosome Y. In some cases, a genomic DNA target 
sequence is typically methylated in one DNA species such as, 
for example, placental DNA (i.e. at least about 50% or greater 
methylation). In some cases, the genomic DNA target 
sequence is minimally methylated in another DNA species 
such as, for example, maternal DNA (i.e. less than about 1% 
methylation). In some cases, the genomic DNA target 
sequence does not contain any known single nucleotide poly 
morphisms (SNPs) within the PCR primer hybridization 
sequences. In some cases, the genomic DNA target sequence 
does not contain any known mutations within the PCR primer 
hybridization sequences. In some cases, the genomic DNA 
target sequence does not contain any known insertion or 
deletions within the PCR primer hybridization sequences. In 
some cases, the melting temperature of the PCR primers that 
can hybridize to a genomic DNA target sequence is not below 
65° C. In some cases, the melting temperature of the PCR 
primers that can hybridize to a genomic DNA target sequence 
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is not above 75° C. In some cases, the genomic DNA target 
sequence contains at least two restriction sites within the 
amplified region. In some embodiments, the genomic DNA 
target sequence length is about 50 base pairs to about 200 base 
pairs. In some cases, the genomic DNA target sequence 
length is 70 base pairs. In some cases, the genomic DNA 
target sequence does not possess any negative AG values for 
secondary structure of the complete amplicon prediction 
using mfold (M. Zuker, Mfold web server for nucleic acid 
folding and hybridization prediction. Nucleic Acids Res. 31 
(13), 3406-15, (2003)). In some embodiments, the genomic 
DNA target sequence used for the determination of methy 
lated DNA is within the TBX3 locus. In some embodiments, 
the genomic DNA target sequence used for the determination 
of methylated DNA is within the SOX14 locus. Additional 
genomic targets that can be used for the determination of 
methylated DNA in conjunction with the methods provided 
herein are presented in Example 3. 
0205 Assays for the Determination of Total DNA 
0206. In some embodiments of the methods provided 
herein, one or more genomic DNA target sequences are used 
that can allow for the determination of total DNA. Generally, 
genomic DNA target sequences used for the determination of 
total DNA are present in every genome copy (e.g. is present in 
fetal DNA and maternal DNA, cancer DNA and normal DNA, 
pathogen DNA and host DNA). In some cases, a genomic 
DNA target sequence is a single copy gene. In some cases, a 
genomic DNA target sequence is located on chromosome 13, 
chromosome 18, chromosome 21, chromosome X, or chro 
mosome Y. In some cases, a genomic DNA target sequence is 
not located on chromosome 13. In some cases, a genomic 
DNA target sequence is not located on chromosome 18. In 
Some cases, a genomic DNA target sequence is not located on 
chromosome 21. In some cases, a genomic DNA target 
sequence is not located on chromosome X. In some cases, a 
genomic DNA target sequence is not located on chromosome 
Y. In some cases, a genomic DNA target sequence does not 
contain any known single nucleotide polymorphisms (SNPs) 
within the PCR primer hybridization sequences. In some 
cases, a genomic DNA target sequence does not contain any 
known mutations within the PCR primer hybridization 
sequences. In some cases, a genomic DNA target sequence 
does not contain any known insertion or deletions within the 
PCR primer hybridization sequences. In some cases, the 
melting temperature of the PCR primers that can hybridize to 
a genomic DNA target sequence is not below 65°C. In some 
cases, the melting temperature of the PCR primers that can 
hybridize to a genomic DNA target sequence is not above 75° 
C. In some embodiments, the genomic DNA target sequence 
length is about 50 base pairs to about 200 base pairs. In some 
cases, the genomic DNA target sequence length is 70 base 
pairs. In some cases, the genomic DNA target sequence does 
not possess any negative AG values for secondary structure of 
the complete amplicon prediction using mfold (M. Zuker, 
Mfold web server for nucleic acid folding and hybridization 
prediction. Nucleic Acids Res. 31 (13), 3406-15, (2003)). In 
Some embodiments, the genomic DNA target sequence used 
for the determination of total DNA is within the ALBlocus. In 
Some embodiments, the genomic DNA target sequence used 
for the determination of total DNA is within the APOE or 
RNAsep locus. 

0207 Assays for the Determination of Fetal DNA 
0208. In some embodiments of the methods provided 
herein, one or more genomic DNA target sequences are used 
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that can allow for the determination of fetal DNA. In some 
embodiments, genomic DNA target sequences used for the 
determination offetal DNA are specific to the Y chromosome. 
In some cases, the genomic DNA target sequence is a single 
copy gene. In some cases, the genomic DNA target sequence 
does not contain any known single nucleotide polymor 
phisms (SNPs) within the PCR primer hybridization 
sequences. In some cases, the genomic DNA target sequence 
does not contain any known mutations within the PCR primer 
hybridization sequences. In some cases, the genomic DNA 
target sequence does not contain any known insertion or 
deletions within the PCR primer hybridization sequences. In 
some cases, the melting temperature of the PCR primers that 
can hybridize to a genomic DNA target sequence is not below 
65° C. In some cases, the melting temperature of the PCR 
primers that can hybridize to a genomic DNA target sequence 
is not above 75°C. In some cases, the genomic DNA target 
sequence does not contain the restriction site GCGC within 
the amplified region. In some embodiments, the genomic 
DNA target sequence length is about 50 base pairs to about 
200 base pairs. In some cases, the genomic DNA target 
sequence length is 70 base pairs. In some cases, the genomic 
DNA target sequence does not possess any negative AG Val 
ues for secondary structure of the complete amplicon predic 
tion using mfold (M. Zuker, Mfold web server for nucleic acid 
folding and hybridization prediction. Nucleic Acids Res. 31 
(13), 3406-15, (2003)). In some embodiments, the genomic 
DNA target sequence used for the determination offetal DNA 
is within the UTY locus. In some embodiments, the genomic 
DNA target sequence used for the determination offetal DNA 
is within the SRY 1 or SRY2 locus. 

0209 Assays for the Determination of Digested and/or 
Undigested DNA 
0210. In some embodiments of the methods provided 
herein, one or more genomic DNA target sequences are used 
that can allow for the determination of the amount of digested 
or undigested nucleic acid, as an indicator of digestion effi 
ciency. Such genomic DNA target sequences are present in 
every genome in the sample (e.g. maternal and fetal species 
genomes). Generally, genomic DNA target sequences used 
for the determination of digested or undigested DNA contain 
at least one restriction site present in a genomic DNA target 
sequence used in another assay. Thus, the genomic DNA 
target sequences used for the determination of digested or 
undigested DNA serve as controls for assays that include 
differential digestion. Generally, the genomic DNA target 
sequence is unmethylated in all nucleic acid species tested 
(e.g. unmethylated in both maternal and fetal species 
genomes). In some cases, the genomic DNA target sequence 
is a single copy gene. In some cases, the genomic DNA target 
sequence is not located on chromosome 13. In some cases, the 
genomic DNA target sequence is not located on chromosome 
18. In some cases, the genomic DNA target sequence is not 
located on chromosome 21. In some cases, the genomic DNA 
target sequence is not located on chromosome X. In some 
cases, the genomic DNA target sequence is not located on 
chromosome Y. In some cases, the genomic DNA target 
sequence does not contain any known single nucleotide poly 
morphisms (SNPs) within the PCR primer hybridization 
sequences. In some cases, the genomic DNA target sequence 
does not contain any known mutations within the PCR primer 
hybridization sequences. In some cases, the genomic DNA 
target sequence does not contain any known insertion or 
deletions within the PCR primer hybridization sequences. In 
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some cases, the melting temperature of the PCR primers that 
can hybridize to a genomic DNA target sequence is not below 
65° C. In some cases, the melting temperature of the PCR 
primers that can hybridize to a genomic DNA target sequence 
is not above 75°C. In some embodiments, the genomic DNA 
target sequence length is about 50 base pairs to about 200 base 
pairs. In some cases, the genomic DNA target sequence 
length is 70 base pairs. In some cases, the genomic DNA 
target sequence does not possess any negative AG values for 
secondary structure of the complete amplicon prediction 
using mfold (M. Zuker, Mfold web server for nucleic acid 
folding and hybridization prediction. Nucleic Acids Res. 31 
(13), 3406-15, (2003)). In some embodiments, the genomic 
DNA target sequence used for the determination of digested 
or undigested DNA is within the POP5 locus. In some 
embodiments, the genomic DNA target sequence used for the 
determination of digested or undigested DNA is within the 
LDHA locus. 

Methylation Specific Separation of Nucleic Acid 

0211. The methods provided herein offer an alternative 
approach for the enrichment of fetal DNA based on the 
methylation-specific separation of differentially methylated 
DNA. It has recently been discovered that many genes 
involved in developmental regulation are controlled through 
epigenetics in embryonic stem cells. Consequently, multiple 
genes can be expected to show differential DNA methylation 
between nucleic acid offetal origin and maternal origin. Once 
these regions are identified, a technique to capture methylated 
DNA can be used to specifically enrich fetal DNA. For iden 
tification of differentially methylated regions, a novel 
approach was used to capture methylated DNA. This 
approach uses a protein, in which the methyl binding domain 
of MBD2 is fused to the Fc fragment of an antibody (MBD 
FC) (Gebhard C. Schwarzfischer L., Pham T. H. Schilling E. 
Klug M. Andreesen R. Rehli M (2006) Genome wide profil 
ing of CpG methylation identifies novel targets of aberrant 
hypermethylation in myeloid leukemia. Cancer Res 66:6118 
6128). This fusion protein has several advantages over con 
ventional methylation specific antibodies. The MBD-FC has 
a higher affinity to methylated DNA and it binds double 
stranded DNA. Most importantly the two proteins differ in the 
way they bind DNA. Methylation specific antibodies bind 
DNA stochastically, which means that only a binary answer 
can be obtained. The methyl binding domain of MBD-FC on 
the other hand binds all DNA molecules regardless of their 
methylation status. The strength of this protein DNA inter 
action is defined by the level of DNA methylation. After 
binding genomic DNA, eluate solutions of increasing salt 
concentrations can be used to fractionate non-methylated and 
methylated DNA allowing for a more controlled separation 
(Gebhard C. Schwarzfischer L., Pham T. H. Andreesen R. 
Mackensen A. Rehli M (2006) Rapid and sensitive detection 
of CpG-methylation using methyl-binding (MB)-PCR. 
Nucleic Acids Res 34:e82). Consequently this method, called 
Methyl-CpG immunoprecipitation (MCIP), cannot only 
enrich, but also fractionate genomic DNA according to 
methylation level, which is particularly helpful when the 
unmethylated DNA fraction should be investigated as well. 

Methylation Sensitive Restriction Enzyme Digestion 

0212. The technology herein also provides compositions 
and processes for determining the amount of fetal nucleic 
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acid from a maternal sample. The technology herein allows 
for the enrichment of fetal nucleic acid regions in a maternal 
sample by selectively digesting nucleic acid from said mater 
nal sample with an enzyme that selectively and completely or 
Substantially digests the maternal nucleic acid to enrich the 
sample for at least one fetal nucleic acid region. Preferably, 
the digestion efficiency is greater than about 75%, 76%, 77%, 
78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, or 99%. Following enrichment, the amount of fetal 
nucleic acid can be determined by quantitative methods that 
do not require polymorphic sequences or bisulfite treatment, 
thereby, offering a solution that works equally well for female 
fetuses and across different ethnicities and preserves the low 
copy number fetal nucleic acid present in the sample. 
0213 For example, there are methyl-sensitive enzymes 
that preferentially or substantially cleave or digest at their 
DNA recognition sequence if it is non-methylated. Thus, an 
unmethylated DNA sample will be cut into smaller fragments 
than a methylated DNA sample. Similarly, a hypermethylated 
DNA sample will not be cleaved. In contrast, there are 
methyl-sensitive enzymes that cleave at their DNA recogni 
tion sequence only if it is methylated. 
0214 Methyl-sensitive enzymes that digest unmethylated 
DNA suitable for use in methods of the technology herein 
include, but are not limited to, HpaII, HhaI, Mael I, BstUI and 
AciI. An enzyme that can be used is HpaII that cuts only the 
unmethylated sequence CCGG. Another enzyme that can be 
used is HhaI that cuts only the unmethylated sequence 
GCGC. Both enzymes are available from New England 
BioLabs(R), Inc. Combinations of two or more methyl-sensi 
tive enzymes that digest only unmethylated DNA can also be 
used. Suitable enzymes that digest only methylated DNA 
include, but are not limited to, Dpn I, which cuts at a recog 
nition sequence GATC, and McrBC, which belongs to the 
family of AAA" proteins and cuts DNA containing modified 
cytosines and cuts at recognition site 5' . . . Pu'C (Nao-ooo) 
Pu"C... 3" (New England BioLabs, Inc., Beverly, Mass.). 
0215 Cleavage methods and procedures for selected 
restriction enzymes for cutting DNA at specific sites are well 
known to the skilled artisan. For example, many suppliers of 
restriction enzymes provide information on conditions and 
types of DNA sequences cut by specific restriction enzymes, 
including New England BioLabs, Pro-Mega Biochems, Boe 
hiringer-Mannheim, and the like. Sambrook et al. (See Sam 
brooketal. Molecular Biology: A laboratory Approach, Cold 
Spring Harbor, N.Y. 1989) provide a general description of 
methods for using restriction enzymes and other enzymes. 
Enzymes often are used under conditions that will enable 
cleavage of the maternal DNA with about 95%-100% effi 
ciency, preferably with about 98%-100% efficiency. 

Other Methods for Methylation Analysis 

0216 Various methylation analysis procedures are known 
in the art, and can be used in conjunction with the present 
technology. These assays allow for determination of the 
methylation state of one or a plurality of CpG islands within 
a DNA sequence. In addition, the methods maybe used to 
quantify methylated nucleic acid. Such assays involve, 
among other techniques, DNA sequencing of bisulfite-treated 
DNA, PCR (for sequence-specific amplification), Southern 
blot analysis, and use of methylation-sensitive restriction 
enzymes. 
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0217 Genomic sequencing is a technique that has been 
simplified for analysis of DNA methylation patterns and 
5-methylcytosine distribution by using bisulfite treatment 
(Frommer et al., Proc. Natl. Acad. Sci. USA 89:1827-1831, 
1992). Additionally, restriction enzyme digestion of PCR 
products amplified from bisulfite-converted DNA may be 
used, e.g., the method described by Sadri & Hornsby (Nucl. 
Acids Res. 24:5058-5059, 1996), or COBRA (Combined 
Bisulfite Restriction Analysis) (Xiong & Laird, Nucleic 
Acids Res. 25:2532-2534, 1997). 
0218 COBRA analysis is a quantitative methylation assay 
useful for determining DNA methylation levels at specific 
gene loci in Small amounts of genomic DNA (Xiong & Laird, 
Nucleic Acids Res. 25:2532-2534, 1997). Briefly, restriction 
enzyme digestion is used to reveal methylation-dependent 
sequence differences in PCR products of sodium bisulfite 
treated DNA. Methylation-dependent sequence differences 
are first introduced into the genomic DNA by standard 
bisulfite treatment according to the procedure described by 
Frommer et al. (Proc. Natl. Acad. Sci. USA 89:1827-1831, 
1992). PCR amplification of the bisulfite converted DNA is 
then performed using primers specific for the interested CpG 
islands, followed by restriction endonuclease digestion, gel 
electrophoresis, and detection using specific, labeled hybrid 
ization probes. Methylation levels in the original DNA 
sample are represented by the relative amounts of digested 
and undigested PCR product in a linearly quantitative fashion 
across a wide spectrum of DNA methylation levels. In addi 
tion, this technique can be reliably applied to DNA obtained 
from microdissected paraffin-embedded tissue samples. 
Typical reagents (e.g., as might be foundina typical COBRA 
based kit) for COBRA analysis may include, but are not 
limited to: PCR primers for specific gene (or methylation 
altered DNA sequence or CpG island); restriction enzyme 
and appropriate buffer; gene-hybridization oligo; control 
hybridization oligo; kinase labeling kit for oligo probe; and 
radioactive nucleotides. Additionally, bisulfite conversion 
reagents may include: DNA denaturation buffer; sulfonation 
buffer; DNA recovery reagents or kits (e.g., precipitation, 
ultrafiltration, affinity column); desulfonation buffer; and 
DNA recovery components. 
0219. The MethylightTMassay is a high-throughput quan 

titative methylation assay that utilizes fluorescence-based 
real-time PCR (TaqMan(R) technology that requires no fur 
ther manipulations after the PCR step (Eads et al., Cancer 
Res. 59:2302-2306, 1999). Briefly, the MethyLightTM pro 
cess begins with a mixed sample of genomic DNA that is 
converted, in a sodium bisulfite reaction, to a mixed pool of 
methylation-dependent sequence differences according to 
standard procedures (the bisulfite process converts unmethy 
lated cytosine residues to uracil). Fluorescence-based PCR is 
then performed either in an “unbiased’ (with primers that do 
not overlap known CpG methylation sites) PCR reaction, or 
in a “biased' (with PCR primers that overlap known CpG 
dinucleotides) reaction. Sequence discrimination can occur 
either at the level of the amplification process or at the level of 
the fluorescence detection process, or both. 
0220. The Methylight assay may be used as a quantitative 

test for methylation patterns in the genomic DNA sample, 
where sequence discrimination occurs at the level of probe 
hybridization. In this quantitative version, the PCR reaction 
provides for unbiased amplification in the presence of a fluo 
rescent probe that overlaps a particular putative methylation 
site. An unbiased control for the amount of input DNA is 
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provided by a reaction in which neither the primers, nor the 
probe overlie any CpG dinucleotides. Alternatively, a quali 
tative test for genomic methylation is achieved by probing of 
the biased PCR pool with either control oligonucleotides that 
do not “cover known methylation sites (a fluorescence 
based version of the “MSP technique), or with oligonucle 
otides covering potential methylation sites. 
0221) The Methylight process can by used with a “Taq 
Man' probe in the amplification process. For example, 
double-stranded genomic DNA is treated with sodium 
bisulfite and subjected to one of two sets of PCR reactions 
using TaqMan(R) probes; e.g., with either biased primers and 
TaqMan(R) probe, or unbiased primers and TaqMan(R) probe. 
The TaqMan(R) probe is dual-labeled with fluorescent 
“reporter and “quencher molecules, and is designed to be 
specific for a relatively high GC content region so that it melts 
out at about 10...degree. C. higher temperature in the PCR 
cycle than the forward or reverse primers. This allows the 
TaqMan(R) probe to remain fully hybridized during the PCR 
annealing/extension step. As the Taq polymerase enzymati 
cally synthesizes a new strand during PCR, it will eventually 
reach the annealed TaqMan(R) probe. The Taq polymerase 5' to 
3' endonuclease activity will then displace the TaqMan(R) 
probe by digesting it to release the fluorescent reporter mol 
ecule for quantitative detection of its now unduenched signal 
using a real-time fluorescent detection system. 
0222 Typical reagents (e.g., as might be found in a typical 
MethylightTM-based kit) for MethyLightTM analysis may 
include, but are not limited to: PCR primers for specific gene 
(or methylation-altered DNA sequence or CpG island); Taq 
Man(R) probes; optimized PCR buffers and deoxynucleotides: 
and Taq polymerase. 
0223) The Ms-SNuPE technique is a quantitative method 
for assessing methylation differences at specific CpG sites 
based on bisulfite treatment of DNA, followed by single 
nucleotide primer extension (Gonzalgo & Jones, Nucleic 
Acids Res. 25:2529-2531, 1997). Briefly, genomic DNA is 
reacted with sodium bisulfite to convert unmethylated 
cytosine to uracil while leaving 5-methylcytosine unchanged. 
Amplification of the desired target sequence is then per 
formed using PCR primers specific for bisulfite-converted 
DNA, and the resulting product is isolated and used as a 
template for methylation analysis at the CpG site(s) of inter 
est. Small amounts of DNA can be analyzed (e.g., microdis 
sected pathology sections), and it avoids utilization of restric 
tion enzymes for determining the methylation status at CpG 
sites. 
0224 Typical reagents (e.g., as might be found in a typical 
Ms-SNuPE-based kit) for Ms-SNuPE analysis may include, 
but are not limited to: PCR primers for specific gene (or 
methylation-altered DNA sequence or CpG island); opti 
mized PCR buffers and deoxynucleotides; gel extraction kit; 
positive control primers; Ms-SNuPE primers for specific 
gene; reaction buffer (for the Ms-SNuPE reaction); and radio 
active nucleotides. Additionally, bisulfite conversion reagents 
may include: DNA denaturation buffer; sulfonation buffer; 
DNA recovery regents or kit (e.g., precipitation, ultrafiltra 
tion, affinity column); desulfonation buffer; and DNA recov 
ery components. 
0225 MSP (methylation-specific PCR) allows for assess 
ing the methylation status of virtually any group of CpG sites 
within a CpG island, independent of the use of methylation 
sensitive restriction enzymes (Herman et al. Proc. Nat. Acad. 
Sci. USA 93:9821-9826, 1996; U.S. Pat. No. 5,786,146). 
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0226 Briefly, DNA is modified by sodium bisulfite con 
Verting all unmethylated, but not methylated cytosines to 
uracil, and Subsequently amplified with primers specific for 
methylated versus unmethylated DNA. MSP requires only 
small quantities of DNA, is sensitive to 0.1% methylated 
alleles of a given CpG island locus, and can be performed on 
DNA extracted from paraffin-embedded samples. Typical 
reagents (e.g., as might be found in a typical MSP-based kit) 
for MSP analysis may include, but are not limited to: methy 
lated and unmethylated PCR primers for specific gene (or 
methylation-altered DNA sequence or CpG island), opti 
mized PCR buffers and deoxynucleotides, and specific 
probes. 
0227. The MCA technique is a method that can be used to 
screen for altered methylation patterns in genomic DNA, and 
to isolate specific sequences associated with these changes 
(Toyota et al., Cancer Res. 59:23.07-12, 1999). Briefly, 
restriction enzymes with different sensitivities to cytosine 
methylation in their recognition sites are used to digest 
genomic DNAS from primary tumors, cell lines, and normal 
tissues prior to arbitrarily primed PCR amplification. Frag 
ments that show differential methylation are cloned and 
sequenced after resolving the PCR products on high-resolu 
tion polyacrylamide gels. The cloned fragments are then used 
as probes for Southern analysis to confirm differential methy 
lation of these regions. Typical reagents (e.g., as might be 
found in a typical MCA-based kit) for MCA analysis may 
include, but are not limited to: PCR primers for arbitrary 
priming Genomic DNA: PCR buffers and nucleotides, 
restriction enzymes and appropriate buffers; gene-hybridiza 
tion oligos or probes; control hybridization oligos or probes. 
0228. Another method for analyzing methylation sites is a 
primer extension assay, including an optimized PCR ampli 
fication reaction that produces amplified targets for Subse 
quent primer extension genotyping analysis using mass spec 
trometry. The assay can also be done in multiplex. This 
method (particularly as it relates to genotyping single nucle 
otide polymorphisms) is described in detail in PCT publica 
tion WOO5O12578A1 and US publication 
US20050079521A1. For methylation analysis, the assay can 
be adopted to detect bisulfite introduced methylation depen 
dent C to Tsequence changes. These methods are particularly 
useful for performing multiplexed amplification reactions 
and multiplexed primer extension reactions (e.g., multiplexed 
homogeneous primer mass extension (hME) assays) in a 
single well to further increase the throughput and reduce the 
cost per reaction for primer extension reactions. 
0229. Four additional methods for DNA methylation 
analysis include restriction landmark genomic scanning 
(RLGS. Costello et al., 2000), methylation-sensitive-repre 
sentational difference analysis (MS-RDA), methylation-spe 
cific AP-PCR (MS-AP-PCR) and methyl-CpG binding 
domain column/segregation of partly melted molecules 
(MBD/SPM). 
0230. Additional methylation analysis methods that may 
be used in conjunction with the present technology are 
described in the following papers: Laird, P. W. Nature 
Reviews Cancer 3, 253-266 (2003); Biotechniques; Uhl 
mann, K. et al. Electrophoresis 23:4072-4079 (2002) Py 
roMeth: Colella et al. Biotechniques. 2003 July; 35(1):146 
50; Dupont J. M., Tost J. Jammes H, and Gut I G. Anal 
Biochem, October 2004; 333(1): 119-27; and Tooke N and 
Pettersson M. IVDT. November 2004; 41. 
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Nucleic Acid Quantification 
0231. In some embodiments, the amount of fetal nucleic 
acid in a sample is determined. In some cases, the amount of 
fetal nucleic acid is determined based on a quantification of 
sequence read counts described herein. Quantification may 
be achieved by direct counting of sequence reads covering 
particular methylation sites and/or target sites, or by competi 
tive PCR (i.e., co-amplification of competitor oligonucle 
otides of known quantity, as described herein). The term 
“amount’ as used herein with respect to nucleic acids refers to 
any suitable measurement, including, but not limited to, abso 
lute amount (e.g. copy number), relative amount (e.g. fraction 
or ratio), weight (e.g., grams), and concentration (e.g., grams 
per unit volume (e.g., milliliter); molar units). 
0232 Fraction Determination 
0233. In some embodiments, a fraction or ratio can be 
determined for the amount of one nucleic acid relative to the 
amount of another nucleic acid. In some embodiments, the 
fraction of fetal nucleic acid in a sample relative to the total 
amount of nucleic acid in the sample is determined. To cal 
culate the fraction offetal nucleic acid in a sample relative to 
the total amount of the nucleic acid in the sample, the follow 
ing equation can be applied: 

The fraction of fetal nucleic acid=(amount of fetal 
nucleic acid)f(amount of total nucleic acid). 

0234 Copy Number Determination Using Competitors 
0235. In some embodiments, the absolute amount (e.g. 
copy number) of fetal nucleic acid is determined. Often, the 
copy number offetal nucleic acid is determined based on the 
amount of a competitor oligonucleotide used. In some 
embodiments, the copy number of maternal nucleic acid is 
determined. To calculate the copy number of fetal nucleic 
acid in a sample, the following equation can be applied: 

Copy number(fetal nucleic acid)=(amount of the fetal 
nucleic acid)/(amount of the fetal competitor)xC 

where C is the number of competitor oligonucleotides added 
into the reaction. In some cases, the amounts of the fetal 
nucleic acid and fetal competitor are obtained in a readout 
generated by a sequencing reaction (e.g. sequence read 
counts). 

Additional Methods for Determining Fetal Nucleic Acid 
Content 

0236. The amount of fetal nucleic acid (e.g., concentra 
tion, relative amount, absolute amount, copy number, and the 
like) in nucleic acid is determined in Some embodiments. In 
Some cases, the amount of fetal nucleic acid in a sample is 
referred to as “fetal fraction'. In certain embodiments, the 
amount offetal nucleic acid is determined according to mark 
erS Specific to a male fetus (e.g., Y-chromosome STR markers 
(e.g., DYS19, DYS385, DYS392 markers); RhD marker in 
RhD-negative females), allelic ratios of polymorphic 
sequences, or according to one or more markers specific to 
fetal nucleic acid and not maternal nucleic acid (e.g., differ 
ential epigenetic biomarkers (e.g., methylation; described in 
further detail below) between mother and fetus, or fetal RNA 
markers in maternal blood plasma (see e.g., Lo, 2005, Journal 
of Histochemistry and Cytochemistry 53 (3): 293-296)). 
0237 Polymorphism-Based Fetal Quantifier Assay 
0238. Determination of fetal nucleic acid content (e.g., 
fetal fraction) sometimes is performed using a polymor 
phism-based fetal quantifier assay (FQA), as described 
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herein. This type of assay allows for the detection and quan 
tification of fetal nucleic acid in a maternal sample based on 
allelic ratios of polymorphic sequences (e.g., single nucle 
otide polymorphisms (SNPs)). In some cases, nucleotide 
sequence reads are obtained for a maternal sample and fetal 
fraction is determined by comparing the total number of 
nucleotide sequence reads that map to a first allele and the 
total number of nucleotide sequence reads that map to a 
second allele at an informative polymorphic site (e.g., SNP) 
in a reference genome. In some cases, fetal alleles are iden 
tified, for example, by their relative minor contribution to the 
mixture of fetal and maternal nucleic acids in the sample 
when compared to the major contribution to the mixture by 
the maternal nucleic acids. In some cases, fetal alleles are 
identified by a deviation of allele frequency from an expected 
allele frequency, as described below. In some cases, the rela 
tive abundance of fetal nucleic acid in a maternal sample can 
be determined as a parameter of the total number of unique 
sequence reads mapped to a target nucleic acid sequence on a 
reference genome for each of the two alleles of a polymorphic 
site. In some cases, the relative abundance of fetal nucleic 
acid in a maternal sample can be determined as a parameter of 
the relative number of sequence reads for each allele from an 
enriched sample. 
0239. In some embodiments, determining fetal fraction 
comprises enriching a sample nucleic acid for one or more 
polymorphic nucleic acid targets. In some cases, a plurality of 
polymorphic targets is enriched. A plurality of polymorphic 
nucleic acid targets is sometimes referred to as a collection or 
a panel (e.g., target panel, SNP panel, SNP collection). A 
plurality of polymorphic targets can comprise two or more 
targets. For example, a plurality of polymorphic targets can 
comprise 2,3,4,5,6,7,8,9, 10, 20,30, 40, 50, 60, 70, 80,90, 
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, or more 
targets. In some cases, 10 or more polymorphic nucleic acid 
targets are enriched. In some cases, 50 or more polymorphic 
nucleic acid targets are enriched. In some cases, 100 or more 
polymorphic nucleic acid targets are enriched. In some cases, 
500 or more polymorphic nucleic acid targets are enriched. In 
some cases, about 10 to about 500 polymorphic nucleic acid 
targets are enriched. In some cases, about 20 to about 400 
polymorphic nucleic acid targets are enriched. In some cases, 
about 30 to about 200 polymorphic nucleic acid targets are 
enriched. In some cases, about 40 to about 100 polymorphic 
nucleic acid targets are enriched. In some cases, about 60 to 
about 90 polymorphic nucleic acid targets are enriched. For 
example, in certain embodiments, about 60, 61, 62,63, 64, 65, 
66, 67,68, 69,70, 71, 72,73,74, 75,76, 77,78, 79,80, 81,82, 
83, 84, 85, 86, 87, 88, 89 or 90 polymorphic nucleic acid 
targets are enriched. 
0240. In some embodiments, at least one polymorphic 
nucleic acid target of the plurality of polymorphic nucleic 
acid targets is informative for determining fetal fraction in a 
given sample. A polymorphic nucleic acid target that is infor 
mative for determining fetal fraction, sometimes referred to 
as an informative target, informative polymorphism, or infor 
mative SNP typically differs in some aspect between the fetus 
and the mother. For example, an informative target may have 
one allele for the fetus and a different allele for the mother 
(e.g., the mother has allele A at the polymorphic target and the 
fetus has allele B at the polymorphic target site). Typically, a 
fetal allele that differs from either of the maternal alleles is 
paternally inherited (i.e., is from the father). Thus, paternally 
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inherited alleles that differ from maternal alleles can be useful 
for identifying and/or quantifying fetal nucleic acid (e.g., 
determining fetal fraction). 
0241. In some cases, polymorphic nucleic acid targets are 
informative in the context of certain maternal/fetal genotype 
combinations. For a biallelic polymorphic target (i.e., two 
possible alleles (e.g., A and B)), possible maternal/fetal geno 
type combinations include: 1) maternal AA, fetal AA; 2) 
maternal AA, fetal AB; 3) maternal AB, fetal AA; 4) maternal 
AB, fetal AB; 5) maternal AB; fetal BB: 6) maternal BB, fetal 
AB; and 7) maternal BB, fetal BB. Genotypes AA and BB are 
considered homozygous genotypes and genotype AB is con 
sidered a heterozygous genotype. In some cases, informative 
genotype combinations (i.e., genotype combinations for a 
polymorphic nucleic acid target that may be informative for 
determining fetal fraction) include combinations where the 
mother is homozygous and the fetus is heterozygous (e.g., 
maternal AA, fetal AB; or maternal BB, fetal AB). Such 
genotype combinations may be referred to as Type 1 infor 
mative genotypes or informative heterozygotes. In some 
cases, informative genotype combinations (i.e., genotype 
combinations for a polymorphic nucleic acid target that may 
be informative for determining fetal fraction) include combi 
nations where the mother is heterozygous and the fetus is 
homozygous (e.g., maternal AB, fetal AA; or maternal AB, 
fetal BB). Such genotype combinations may be referred to as 
Type 2 informative genotypes or informative homozygotes. 
In some cases, non-informative genotype combinations (i.e., 
genotype combinations for a polymorphic nucleic acid target 
that may not be informative for determining fetal fraction) 
include combinations where the mother is heterozygous and 
the fetus is heterozygous (e.g., maternal AB, fetal AB). Such 
genotype combinations may be referred to as non-informative 
genotypes or non-informative heterozygotes. In some cases, 
non-informative genotype combinations (i.e., genotype com 
binations for a polymorphic nucleic acid target that may not 
be informative for determining fetal fraction) include combi 
nations where the mother is homozygous and the fetus is 
homozygous (e.g., maternal AA, fetal AA; or maternal BB, 
fetal BB). Such genotype combinations may be referred to as 
non-informative genotypes or non-informative homozygotes. 
0242. In some embodiments, individual polymorphic 
nucleic acid targets and/or panels of polymorphic nucleic 
acid targets are selected based on certain criteria, Such as, for 
example, minor allele population frequency, variance, coef 
ficient of variance, MAD value, and the like. In some cases, 
polymorphic nucleic acid targets are selected so that at least 
one polymorphic nucleic acid target within a panel of poly 
morphic targets has a high probability of being informative 
for a majority of samples tested. Additionally, in Some cases, 
the number of polymorphic nucleic acid targets (i.e., number 
of targets in a panel) is selected so that least one polymorphic 
nucleic acid target has a high probability of being informative 
for a majority of samples tested. For example, selection of a 
larger number of polymorphic targets generally increases the 
probability that least one polymorphic nucleic acid target will 
be informative for a majority of samples tested (see, FIG. 37. 
for example). In some cases, the polymorphic nucleic acid 
targets and number thereof (e.g., number of polymorphic 
targets selected for enrichment) result in at least about 2 to 
about 50 or more polymorphic nucleic acid targets being 
informative for determining the fetal fraction for at least 
about 80% to about 100% of samples. For example, the poly 
morphic nucleic acid targets and number thereof result in at 
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least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more 
polymorphic nucleic acid targets being informative for deter 
mining the fetal fraction for at least about 81%, 82%, 83%, 
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 
94%. 95%, 96%, 97%, 98%, or 99% of samples. In some 
cases, the polymorphic nucleic acid targets and number 
thereof result in at least five polymorphic nucleic acid targets 
being informative for determining the fetal fraction for at 
least 90% of samples. In some cases, the polymorphic nucleic 
acid targets and number thereof result in at least five poly 
morphic nucleic acid targets being informative for determin 
ing the fetal fraction for at least 95% of samples. In some 
cases, the polymorphic nucleic acid targets and number 
thereof result in at least five polymorphic nucleic acid targets 
being informative for determining the fetal fraction for at 
least 99% of samples. In some cases, the polymorphic nucleic 
acid targets and number thereof result in at least ten polymor 
phic nucleic acid targets being informative for determining 
the fetal fraction for at least 90% of samples. In some cases, 
the polymorphic nucleic acid targets and number thereof 
result in at least ten polymorphic nucleic acid targets being 
informative for determining the fetal fraction for at least 95% 
of Samples. In some cases, the polymorphic nucleic acid 
targets and number thereof result in at least ten polymorphic 
nucleic acid targets being informative for determining the 
fetal fraction for at least 99% of samples. 
0243 In some embodiments, individual polymorphic 
nucleic acid targets are selected based, in part, on minor allele 
population frequency. In some cases, polymorphic nucleic 
acid targets having minor allele population frequencies of 
about 10% to about 50% are selected. For example, polymor 
phic nucleic acid targets having minor allele population fre 
quencies of about 15%, 20%, 25%, 30%, 35%, 36%, 37%, 
38%. 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 
48%, or 49% are selected. In some embodiments, polymor 
phic nucleic acid targets having a minor allele population 
frequency of about 40% or more are selected. 
0244. In some embodiments, individual polymorphic 
nucleic acid targets and/or panels of polymorphic nucleic 
acid targets are selected based, in part, on degree of variance 
for an individual polymorphic target or a panel of polymor 
phic targets. Variance, in come cases, can be specific for 
certain polymorphic targets or panels of polymorphic targets 
and can be from systematic, experimental, procedural, and or 
inherent errors or biases (e.g., sampling errors, sequencing 
errors, PCR bias, and the like). Variance of an individual 
polymorphic target or a panel of polymorphic targets can be 
determined by any method known in the art for assessing 
variance and may be expressed, for example, in terms of a 
calculated variance, an error, standard deviation, p-value, 
mean absolute deviation, median absolute deviation, median 
adjusted deviation (MAD score), coefficient of variance 
(CV), and the like. In some embodiments, measured allele 
frequency variance (i.e., background allele frequency) for 
certain SNPs (when homozygous, for example) can be from 
about 0.001 to about 0.01 (i.e., 0.1% to about 1.0%). For 
example, measured allele frequency variance can be about 
0.002, 0.003, 0.004, 0.005, 0.006, 0.007, 0.008, or 0.009. In 
Some cases, measured allele frequency variance is about 
O.OO7. 

0245. In some cases, noisy polymorphic targets are 
excluded from a panel of polymorphic nucleic acid targets 
selected for determining fetal fraction. The term “noisy poly 
morphic targets” or “noisy SNPs refers to (a) targets or SNPs 
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that have significant variance between data points (e.g., mea 
Sured fetal fraction, measured allele frequency) when ana 
lyzed or plotted, (b) targets or SNPs that have significant 
standard deviation (e.g., greater than 1, 2, or 3 standard devia 
tions), (c) targets or SNPs that have a significant standard 
error of the mean, the like, and combinations of the foregoing. 
Noise for certain polymorphic targets or SNPs sometimes 
occurs due to the quantity and/or quality of starting material 
(e.g., nucleic acid sample), sometimes occurs as part of pro 
cesses for preparing or replicating DNA used to generate 
sequence reads, and sometimes occurs as part of a sequencing 
process. In certain embodiments, noise for some polymorphic 
targets or SNPs results from certain sequences being over 
represented when prepared using PCR-based methods. In 
Some cases, noise for some polymorphic targets or SNPs 
results from one or more inherent characteristics of the site 
Such as, for example, certain nucleotide sequences and/or 
base compositions Surrounding, or being adjacent to, a poly 
morphic target or SNP. A SNP having a measured allele 
frequency variance (when homozygous, for example) of 
about 0.005 or more may be considered noisy. For example, a 
SNP having a measured allele frequency variance of about 
0.006, 0.007, 0.008, 0.009, 0.01 or more may be considered 
noisy. 
0246. In some embodiments, variance of an individual 
polymorphic target or a panel of polymorphic targets can be 
represented using coefficient of variance (CV). Coefficient of 
variance (i.e., standard deviation divided by the mean) can be 
determined, for example, by determining fetal fraction for 
several aliquots of a single maternal sample comprising 
maternal and fetal nucleic acid, and calculating the mean fetal 
fraction and standard deviation. In some cases, individual 
polymorphic nucleic acid targets and/or panels of polymor 
phic nucleic acid targets are selected so that fetal fraction is 
determined with a coefficient of variance (CV) of 0.30 or less. 
For example, fetal fraction may determined with a coefficient 
of variance (CV) of 0.25, 0.20, 0.19, 0.18, 0.17, 0.16, 0.15, 
0.14, 0.13, 0.12, 0.11, 0.10, 0.09, 0.08, 0.07, 0.06, 0.05, 0.04, 
0.03, 0.02, 0.01 or less, in some embodiments. In some cases, 
fetal fraction is determined with a coefficient of variance 
(CV) of 0.20 or less. In some cases, fetal fraction is deter 
mined with a coefficient of variance (CV) of 0.10 or less. In 
some cases, fetal fraction is determined with a coefficient of 
variance (CV) of 0.05 or less. 
0247. In some embodiments, an allele frequency is deter 
mined for each of the polymorphic nucleic acid targets in a 
sample. This sometimes is referred to as measured allele 
frequency. Allele frequency can be determined, for example, 
by counting the number of sequence reads for an allele (e.g., 
allele B) and dividing by the total number of sequence reads 
for that locus (e.g., allele B+allele A). In some cases, an allele 
frequency average, mean or median is determined. Fetal frac 
tion can be determined based on the allele frequency mean 
(e.g., allele frequency mean multiplied by two), in some 
CaSCS. 

0248. In some embodiments, determining whether a poly 
morphic nucleic acid target is informative comprises compar 
ing its measured allele frequency to a fixed cutoff frequency. 
In some cases, determining which polymorphic nucleic acid 
targets are informative comprises identifying informative 
genotypes by comparing eachallele frequency to one or more 
fixed cutoff frequencies. Fixed cutoff frequencies may be 
predetermined threshold values based on one or more quali 
fying data sets, for example. In some cases, the fixed cutoff 
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for identifying informative genotypes from non-informative 
genotypes is expressed as a percent (%) shift in allele fre 
quency from an expected allele frequency. Generally, 
expected allele frequencies for a given allele (e.g., allele A) 
are 0 (for a BB genotype), 0.5 (for an AB genotype) and 1.0 
(for an AA genotype), or equivalent values on any numerical 
scale. A deviation from an expected allele frequency that is 
beyond one or more fixed cutoff frequencies may be consid 
ered informative. The degree of deviation generally is pro 
portional to fetal fraction (i.e., large deviations from expected 
allele frequency may be observed in Samples having high 
fetal fraction). 
0249. In some cases, the fixed cutoff for identifying infor 
mative genotypes from non-informative homozygotes is 
about a 0.5% or greater shift in allele frequency. For example, 
a fixed cutoff may be about a 0.6%, 0.7%, 0.8%, 0.9%, 1%, 
1.5%, 2%, 3%, 4%, 5%, 10% or greater shift in allele fre 
quency. In some cases, the fixed cutoff for identifying infor 
mative genotypes from non-informative homozygotes is 
about a 1% or greater shift in allele frequency. In some cases, 
the fixed cutoff for identifying informative genotypes from 
non-informative homozygotes is about a 2% or greater shiftin 
allele frequency. In some embodiments, the fixed cutoff for 
identifying informative genotypes from non-informative het 
erozygotes is about a 10% or greater shift in allele frequency. 
For example, a fixed cutoff may be about a 10%, 15%, 20%, 
21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 70%, 80% or greater shift 
in allele frequency. In some cases, the fixed cutoff for identi 
fying informative genotypes from non-informative heterozy 
gotes is about a 25% or greater shift in allele frequency. In 
Some cases, the fixed cutoff for identifying informative geno 
types from non-informative heterozygotes is about a 50% or 
greater shift in allele frequency. 
0250 In some embodiments, determining whether a poly 
morphic nucleic acid target is informative comprises compar 
ing its measured allele frequency to a target-specific cutoff 
value. In some embodiments, target-specific cutoff frequen 
cies are determined for each polymorphic nucleic acid target. 
Typically, target-specific cutoff frequency is determined 
based on the allele frequency variance for the corresponding 
polymorphic nucleic acid target. In some embodiments, Vari 
ance of individual polymorphic targets can be represented by 
a median absolute deviation (MAD), for example. In some 
cases, determining a MAD Value for each polymorphic 
nucleic acid target can generate unique (i.e., target-specific) 
cutoff values. To determine median absolute deviation, mea 
Sured allele frequency can be determined, for example, for 
multiple replicates (e.g., 5, 6, 7, 8, 9, 10, 15, 20 or more 
replicates) of a maternal only nucleic acid sample (e.g., buffy 
coat sample). Each polymorphic target in each replicate will 
typically have a slightly different measured allele frequency 
due to PCR and/or sequencing errors, for example. A median 
allele frequency value can be identified for each polymorphic 
target. A deviation from the median for the remaining repli 
cates can be calculated (i.e., the difference between the 
observed allele frequency and the median allele frequency). 
The absolute value of the deviations (i.e., negative values 
become positive) is taken and the median value of the abso 
lute deviations is calculated to provide a median absolute 
deviation (MAD) for each polymorphic nucleic acid target. A 
target-specific cutoff can be assigned, for example, as a mul 
tiple of the MAD (e.g., 1xMAD, 2xMAD, 3xMAD, 4xMAD 
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or 5xMAD). Typically, polymorphic targets having less vari 
ance have a lower MAD and therefore a lower cutoff value 
than more variable targets. 
0251. In some embodiments, enriching comprises ampli 
fying the plurality of polymorphic nucleic acid targets. In 
Some cases, the enriching comprises generating amplification 
products in an amplification reaction. Amplification of poly 
morphic targets may be achieved by any method described 
herein or known in the art for amplifying nucleic acid (e.g., 
PCR). In some cases, the amplification reaction is performed 
in a single vessel (e.g., tube, container, well on a plate) which 
Sometimes is referred to herein as multiplexed amplification. 
0252. In some embodiments, certain parental genotypes 
are known prior to the enriching of polymorphic nucleic acid 
targets. In some cases, the maternal genotype for one or more 
polymorphic targets is known prior to enriching. In some 
cases, the paternal genotype for one or more polymorphic 
targets is known prior to enriching. In some cases, the mater 
nal genotype and the paternal genotype for one or more poly 
morphic targets are known prior to enriching. In some 
embodiments, certain parental genotypes are not known prior 
to the enriching of polymorphic nucleic acid targets. In some 
cases, the maternal genotype for one or more polymorphic 
targets is not known prior to enriching. In some cases, the 
paternal genotype for one or more polymorphic targets is not 
known prior to enriching. In some cases, the maternal geno 
type and the paternal genotype for one or more polymorphic 
targets are not known prior to enriching. In some embodi 
ments, parental genotypes are not known for any of the poly 
morphic nucleic acid targets prior to enriching. In some cases, 
the maternal genotype for each of the polymorphic targets is 
not known prior to enriching. In some cases, the paternal 
genotype for each of the polymorphic targets is not known 
prior to enriching. In some cases, the maternal genotype and 
the paternal genotype for each of the polymorphic targets are 
not known prior to enriching. 
0253) In some embodiments, the polymorphic nucleic 
acid targets each comprise at least one single nucleotide poly 
morphism (SNP). In some embodiments, the SNPs are 
selected from: rs10413687, rs10949838, rs1115649, 
rs 11207002, rs11632601, rs11971741, rs12660563, 
rs 13155942, rs1444647, rs1572801, rs17773922, rs1797700, 
rs 1921681, rs1958.312, rs196008, rs2001778, rs2323659, 
rs2427099, rs243992, rs251344, rs254264, rs2827530, 
rs290387, rs321949, rs348971, rs390316, rs3944117, 
rs425002, rS432586, rs444016, rS4453265, rS447247, 
rs4745577, rs484312, rs499946, rs300090, rs500399, 
rs505349, rs505662, rs316084, rs317316, rs517914, 
rs522810, rs531423, rs337330, rs339344, rs551372, 
rs567681, rs585487, rs600933, rs619208, rs622994, 
rs639298, rs642449, rs6700732, rs677866, rs683922, 
rs686851, rs6941942, rs7045684, rs7176924, rs7525374, 
rs870429, rs949312, rs9563831, rs970022, rs985462, 
rs 1005241, rs1006101, rs10745725, rs10776856, 
rs 10790342, rs11076499, rs11103233, rs11133637, 
rs 11974817, rs12102203, rs12261, rs12460763, rs12543040, 
rs 12695642, rs13137088, rs13139573, rs1327501, 
rs 13438255, rs1360258, rs1421062, rs1432515, rs1452396, 
rs 1518040, rs16853186, rs1712497, rs1792205, rs1863452, 
rs 1991899, rs2022958, rs2099875, rs2108825, rs2132237, 
rs2195979, rs2248173, rs225.0246, rs2268697, rs2270893, 
rs244887, rs2736966, rs2851428, rs2906237, rs2929724, 
rs3742257, rs3764584, rs3814332, rs4131376, rs4363444, 
rs4461567, rs4467511, rs4559013, rs4714802, rs4775899, 



US 2014/0093873 A1 

rs4817609, 
rs6442703, 

rs488446, rs4950877, rs530913, rs6020434, 
rs6487229, rs6537064, rs654.065, rs6576533, 

rs6661 105, rs6691.61, rs6703320, rs675828, rs6814242, 
rs6989344, rs7120590, rs7131676, rs7214164, rs747583, 
rs768255, rs768708, rs7828904, rs7899772, rs7900911, 
rs7925270, rs7975781, rs3111589, rs349084, rs373870, 
rs9386151, rs9504.197, rs9690525, and rs990.9561. 
0254. In some embodiments, the SNPs are selected from: 
rs10413687, rs10949838, rs1 115649, rs11207002, 
rs11632601, rs1 1971741, rs12660563, rs13155942, 
rs1444647, rs1572801, rs17773922, rs1797700, rs1921681, 
rs 1958.312, rs196008, rs2001778, rs2323659, rs2427099, 
rs243992, rs251344, rs254264, rs2827530, rs290387, 
rs321949, rs348971, rs390316, rs3944117, rs425002, 
rs432586, rs444016, rs4453265, rs447247, rs4745577, 
rs484312, rs499946, rs300090, rs300399, rs305349, 
rs505662, rs516084, rs317316, rs317914, rs322810, 
rs531423, rs537330, rs339344, rs351372, rs367681, 
rs585487, rs600933, rs619208, rs622994, rs639298, 
rs642449, rs6700732, rs677866, rs683922, rs686851, 
rs6941942, rs7045684, rs7176924, rs7525374, 
rs949312, rs9563831, rs970022, and rs985462. 
0255. In some embodiments, SNPs are selected from: 
rs 1005241, rs1006101, rs10745725, rs10776856, 
rs10790342, rs11076499, rs11103233, rs11 133637, 
rs1 1974817, rs12102203, rs12261, rs12460763, rs12543040, 
rs 12695642, rs13137088, rs13139573, rs1327501, 
rs13438255, rs1360258, rs1421062, rs1432515, rs1452396, 
rs1518040, rs16853186, rs1712497, rs1792205, rs1863452, 
rs 1991899, rs2022958, rs2099875, rs2108825, rs2132237, 
rs2195979, rs2248173, rs225.0246, rs2268697, rs2270893, 
rs244887, rs2736966, rs2851428, rs2906237, rs2929724, 
rs3742257, rs3764584, rs3814332, rs4131376, rs4363444, 
rs4461567, rs4467511, rs4559013, rs4714802, rs4775899, 
rs4817609, rs488446, rs4950877, rs330913, rs6020434, 
rs6442703, rs6487229, rs6537064, rs654.065, rs6576533, 
rs6661 105, rs6691.61, rs6703320, rs675828, rs6814242, 
rs6989344, rs7120590, rs7131676, rs7214164, rs747583, 
rs768255, rs768708, rs7828904, rs7899772, rs7900911, 
rs7925270, rs7975781, rs3111589, rs349084, rs373870, 
rs9386151, rs9504.197, rs9690525, and rs990.9561. 
0256 The polymorphic targets can comprise one or more 
of any of the single nucleotide polymorphisms (SNPs) listed 
above and any combination thereof. 
0257 SNPs may be selected from any SNP provided 
herein or known in the art that meets any one or all of the 
criteria described herein for SNP selection. In some cases, 
SNPs can be located on any chromosome (e.g., chromosome 
1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
21, 22, X and/or Y). In some cases, SNPs can be located on 
autosomes (e.g., chromosome 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22), and not on chro 
mosome X or chromosome Y. In some cases, SNPs can be 
located on certain autosomes (e.g., chromosome 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 17, 19, 20, 22 and not 
chromosome 13, 18 or 22). In some cases, SNPs can be 
located on certain chromosomes Suspected of having a 
genetic variation (e.g., aneuploidy), Such as, for example, 
chromosome 13, 18, 21, X and/or Y (i.e., test chromosome 
(s)). In some cases, SNPs are located on a reference chromo 
some. In some cases, fetal fraction and the presence or 
absence of a genetic variation (e.g., aneuploidy) are deter 
mined simultaneously using a method provided herein. 

rs870429, 
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0258. In some embodiments, enriched (e.g., amplified) 
polymorphic nucleic acid targets are sequenced by a sequenc 
ing process. In some cases, the sequencing process is a 
sequencing by synthesis method, as described herein. Typi 
cally, sequencing by synthesis methods comprise a plurality 
of synthesis cycles, whereby a complementary nucleotide is 
added to a single Stranded template and identified during each 
cycle. The number of cycles generally corresponds to read 
length. In some cases, polymorphic targets are selected Such 
that a minimal read length (i.e., minimal number of cycles) is 
required to include amplification primer sequence and the 
polymorphic target site (e.g., SNP) in the read. In some cases, 
amplification primer sequence includes about 10 to about 30 
nucleotides. For example, amplification primer sequence 
may include about 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22. 
23, 24, 25, 26, 27, 28, or 29 nucleotides, in some embodi 
ments. In some cases, amplification primersequence includes 
about 20 nucleotides. In some embodiments, a SNP site is 
located within 1 nucleotide base position (i.e., adjacent to) to 
about 30 base positions from the 3' terminus of an amplifica 
tion primer. For example, a SNP site may be within 2, 3, 4, 5, 
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, 25, 26, 27, 28, or 29 nucleotides of an amplification 
primer terminus. Read lengths can be any length that is inclu 
sive of an amplification primer sequence and a polymorphic 
sequence or position. In some embodiments, read lengths can 
be about 10 nucleotides in length to about 50 nucleotides in 
length. For example, read lengths can be about 15, 20, 21, 22. 
23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33,34,35,36, 37,38,39, 
40, or 45 nucleotides in length. In some cases, read length is 
about 36 nucleotides. In some cases, read length is about 27 
nucleotides. Thus, in some cases, the sequencing by synthesis 
method comprises about 36 cycles and sometimes comprises 
about 27 cycles. 
0259. In some embodiments, a plurality of samples is 
sequenced in a single compartment (e.g., flow cell), which 
Sometimes is referred to hereinas Sample multiplexing. Thus, 
in some embodiments, fetal fraction is determined for a plu 
rality of samples in a multiplexed assay. For example, fetal 
fraction may be determined for about 10, 20, 30, 40, 50, 60. 
70, 80,90, 100, 200,300, 400, 500, 600, 700, 800,900, 1000, 
2000 or more samples. In some cases, fetal fraction is deter 
mined for about 10 or more samples. In some cases, fetal 
fraction is determined for about 100 or more samples. In some 
cases, fetal fraction is determined for about 1000 or more 
samples. 

0260 
0261) Determination of fetal nucleic acid content (e.g., 
fetal fraction) sometimes is performed using a methylation 
based fetal quantifier assay (FQA) as described herein and, 
for example, in U.S. Patent Application Publication No. 2010/ 
0105049, which is hereby incorporated by reference. This 
type of assay allows for the detection and quantification of 
fetal nucleic acid in a maternal sample based on the methy 
lation status of the nucleic acid in the sample. In some cases, 
the amount of fetal nucleic acid from a maternal sample can 
be determined relative to the total amount of nucleic acid 
present, thereby providing the percentage offetal nucleic acid 
in the sample. In some cases, the copy number offetal nucleic 
acid can be determined in a maternal sample. In some cases, 
the amount of fetal nucleic acid can be determined in a 
sequence-specific (or locus-specific) manner and sometimes 
with sufficient sensitivity to allow for accurate chromosomal 

Methylation-Based Fetal Quantifier Assay 
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dosage analysis (for example, to detect the presence or 
absence of a fetal aneuploidy). 
0262. A fetal quantifier assay (FQA) can be performed in 
conjunction with any of the methods described herein. Such 
an assay can be performed by any method known in the art 
and/or described herein and in U.S. Patent Application Pub 
lication No. 2010/0105049, such as, for example, by a method 
that can distinguish between maternal and fetal DNA based 
on differential methylation status, and quantify (i.e. deter 
mine the amount of) the fetal DNA. Methods for differenti 
ating nucleic acid based on methylation status include, but are 
not limited to, methylation sensitive capture, for example, 
using a MBD2-Fc fragment in which the methyl binding 
domain of MBD2 is fused to the Fc fragment of an antibody 
(MBD-FC) (Gebhard et al. (2006) Cancer Res.66(12):6118 
28); methylation specific antibodies; bisulfite conversion 
methods, for example, MSP (methylation-sensitive PCR), 
COBRA, methylation-sensitive single nucleotide primer 
extension (Ms-SNuPE) or Sequenom MassCLEAVETM tech 
nology; and the use of methylation sensitive restriction 
enzymes (e.g., digestion of maternal DNA in a maternal 
sample using one or more methylation sensitive restriction 
enzymes thereby enriching the fetal DNA). Methyl-sensitive 
enzymes also can be used to differentiate nucleic acid based 
on methylation status, which, for example, can preferentially 
or substantially cleave or digest at their DNA recognition 
sequence if the latter is non-methylated. Thus, an unmethy 
lated DNA sample will be cut into smaller fragments than a 
methylated DNA sample and a hypermethylated DNA 
sample will not be cleaved. Except where explicitly stated, 
any method for differentiating nucleic acid based on methy 
lation status can be used with the compositions and methods 
of the technology herein. The amount of fetal DNA can be 
determined, for example, by introducing one or more com 
petitors at known concentrations during an amplification 
reaction. Determining the amount of fetal DNA also can be 
done, for example, by RT-PCR, primer extension, sequencing 
and/or counting. In certain instances, the amount of nucleic 
acid can be determined using BEAMing technology as 
described in U.S. Patent Application Publication No. 2007/ 
0065823. In some cases, the restriction efficiency can be 
determined and the efficiency rate is used to further determine 
the amount of fetal DNA. 

0263. In some cases, a fetal quantifier assay (FQA) can be 
used to determine the concentration of fetal DNA in a mater 
nal sample, for example, by the following method: a) deter 
mine the total amount of DNA present in a maternal sample: 
b) selectively digest the maternal DNA in a maternal sample 
using one or more methylation sensitive restriction enzymes 
thereby enriching the fetal DNA; c) determine the amount of 
fetal DNA from step b); and d) compare the amount of fetal 
DNA from step c) to the total amount of DNA from step a), 
thereby determining the concentration of fetal DNA in the 
maternal sample. In some cases, the absolute copy number of 
fetal nucleic acid in a maternal sample can be determined, for 
example, using mass spectrometry and/or a system that uses 
a competitive PCR approach for absolute copy number mea 
surements. See for example, Ding and Cantor (2003) Proc 
Natl Acad Sci USA 100:3059-3064, and U.S. Patent Appli 
cation Publication No. 2004/0081993, both of which are 
hereby incorporated by reference. 
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0264. Determining Fetal Nucleic Acid Content in Con 
junction with Other Methods 
0265. The amount of fetal nucleic acid in extracellular 
nucleic acid (e.g., fetal fraction) can be quantified and used in 
conjunction with other methods for assessing a genetic varia 
tion (e.g., fetal aneuploidy, fetal gender). Thus, in certain 
embodiments, methods for determining the presence or 
absence of a genetic variation, for example, comprise an 
additional step of determining the amount of fetal nucleic 
acid. The amount of fetal nucleic acid can be determined in a 
nucleic acid sample from a subject before or after processing 
to prepare sample nucleic acid. In certain embodiments, the 
amount of fetal nucleic acid is determined in a sample after 
sample nucleic acid is processed and prepared, which amount 
is utilized for further assessment. In some embodiments, an 
outcome comprises factoring the fraction offetal nucleic acid 
in the sample nucleic acid (e.g., adjusting counts, removing 
samples, making a call or not making a call). 
0266 The determination offetal nucleic acid content (e.g., 
fetal fraction) can be performed before, during, at any one 
point in a method for assessing a genetic variation (e.g., 
aneuploidy detection, fetal gender determination), or after 
Such methods. For example, to achieve a fetal gender or 
aneuploidy determination method with a given sensitivity or 
specificity, a fetal nucleic acid quantification method may be 
implemented prior to, during or after fetal gender or aneup 
loidy determination to identify those samples with greater 
than about 2%. 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 
12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 
22%, 23%, 24%, 25% or more fetal nucleic acid. In some 
embodiments, samples determined as having a certain thresh 
old amount offetal nucleic acid (e.g., about 15% or more fetal 
nucleic acid; about 4% or more fetal nucleic acid) are further 
analyzed for fetal gender or aneuploidy determination, or the 
presence or absence of aneuploidy or genetic variation, for 
example. In certain embodiments, determinations of for 
example, fetal gender or the presence or absence of aneup 
loidy are selected (e.g., selected and communicated to a 
patient) only for samples having a certain threshold amount of 
fetal nucleic acid (e.g., about 15% or more fetal nucleic acid; 
about 4% or more fetal nucleic acid). 
Additional Methods for Enriching for a Subpopulation of 
Nucleic Acid 

0267 In some embodiments, nucleic acid (e.g., extracel 
lular nucleic acid) is enriched or relatively enriched for a 
Subpopulation or species of nucleic acid. Nucleic acid Sub 
populations can include, for example, fetal nucleic acid, 
maternal nucleic acid, nucleic acid comprising fragments of a 
particular length or range of lengths, or nucleic acid from a 
particular genome region (e.g., single chromosome, set of 
chromosomes, and/or certain chromosome regions). Such 
enriched samples can be used in conjunction with the meth 
ods provided herein. Thus, in certain embodiments, methods 
of the technology herein comprise an additional step of 
enriching for a subpopulation of nucleic acid in a sample, 
Such as, for example, fetal nucleic acid. In some cases, a 
method for determining fetal fraction described above also 
can be used to enrich for fetal nucleic acid. In certain embodi 
ments, maternal nucleic acid is selectively removed (partially, 
Substantially, almost completely or completely) from the 
sample. In some cases, enriching for a particular low copy 
number species nucleic acid (e.g., fetal nucleic acid) may 
improve quantitative sensitivity. Methods for enriching a 
sample for a particular species of nucleic acid are described 
herein and, for example, in U.S. Pat. No. 6,927.028. Interna 
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tional Patent Application Publication No. WO2007/140417, 
International Patent Application Publication No. WO2007/ 
147063, International Patent Application Publication No. 
WO2009/032779, International Patent Application Publica 
tion No. WO2009/032781, International Patent Application 
Publication No. WO2010/033639, International Patent 
Application Publication No. WO2011/034631, International 
Patent Application Publication No. WO2006/056480, and 
International Patent Application Publication No. WO2011/ 
143659, all of which are incorporated by reference herein. 
0268. In some embodiments, nucleic acid is enriched for 
certain target fragment species and/or reference fragment 
species. In some cases, nucleic acid is enriched for a specific 
nucleic acid fragment length or range of fragment lengths 
using one or more length-based separation methods described 
below. In some cases, nucleic acid is enriched for fragments 
from a select genomic region (e.g., chromosome) using one or 
more sequence-based separation methods described herein 
and/or known in the art. Certain methods for enriching for a 
nucleic acid Subpopulation (e.g., fetal nucleic acid) in a 
sample are described in detail below. 
0269. Some methods for enriching for a nucleic acid sub 
population (e.g., fetal nucleic acid) that can be used with the 
methods described herein include methods that exploit epi 
genetic differences between maternal and fetal nucleic acid. 
For example, fetal nucleic acid can be differentiated and 
separated from maternal nucleic acid based on methylation 
differences. Methylation-based fetal nucleic acid enrichment 
methods are described herein and, for example, in U.S. Patent 
Application Publication No. 2010/0105049, which is incor 
porated by reference herein. Such methods sometimes 
involve binding a sample nucleic acid to a methylation-spe 
cific binding agent (methyl-CpG binding protein (MBD), 
methylation specific antibodies, and the like) and separating 
bound nucleic acid from unbound nucleic acid based on dif 
ferential methylation status. Such methods also can include 
the use of methylation-sensitive restriction enzymes (as 
described above; e.g., Hhal and HpaII), which allow for the 
enrichment of fetal nucleic acid regions in a maternal sample 
by selectively digesting nucleic acid from the maternal 
sample with an enzyme that selectively and completely or 
Substantially digests the maternal nucleic acid to enrich the 
sample for at least one fetal nucleic acid region. 
0270. Another method for enriching for a nucleic acid 
Subpopulation (e.g., fetal nucleic acid) that can be used with 
the methods described herein is a restriction endonuclease 
enhanced polymorphic sequence approach, Such as a method 
described in U.S. Patent Application Publication No. 2009/ 
0317818, which is incorporated by reference herein. Such 
methods include cleavage of nucleic acid comprising a non 
target allele with a restriction endonuclease that recognizes 
the nucleic acid comprising the non-target allele but not the 
target allele; and amplification of uncleaved nucleic acid but 
not cleaved nucleic acid, where the uncleaved, amplified 
nucleic acid represents enriched target nucleic acid (e.g., fetal 
nucleic acid) relative to non-target nucleic acid (e.g., maternal 
nucleic acid). In some cases, nucleic acid may be selected 
Such that it comprises an allele having a polymorphic site that 
is susceptible to selective digestion by a cleavage agent, for 
example. 
0271 Some methods for enriching for a nucleic acid sub 
population (e.g., fetal nucleic acid) that can be used with the 
methods described herein include selective enzymatic degra 
dation approaches. Such methods involve protecting target 
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sequences from exonuclease digestion thereby facilitating the 
elimination in a sample of undesired sequences (e.g., mater 
nal DNA). For example, in one approach, Sample nucleic acid 
is denatured to generate single stranded nucleic acid, single 
Stranded nucleic acid is contacted with at least one target 
specific primer pair under Suitable annealing conditions, 
annealed primers are extended by nucleotide polymerization 
generating double stranded target sequences, and digesting 
single stranded nucleic acid using a nuclease that digests 
single stranded (i.e. non-target) nucleic acid. In some cases, 
the method can be repeated for at least one additional cycle. In 
Some cases, the same target-specific primer pair is used to 
prime each of the first and second cycles of extension, and in 
Some cases, different target-specific primer pairs are used for 
the first and second cycles. 
0272 Some methods for enriching for a nucleic acid sub 
population (e.g., fetal nucleic acid) that can be used with the 
methods described herein include massively parallel signa 
ture sequencing (MPSS) approaches. MPSS typically is a 
Solid phase method that uses adapter (i.e. tag) ligation, fol 
lowed by adapter decoding, and reading of the nucleic acid 
sequence in Small increments. Tagged PCR products are typi 
cally amplified such that each nucleic acid generates a PCR 
product with a unique tag. Tags are often used to attach the 
PCR products to microbeads. After several rounds of ligation 
based sequence determination, for example, a sequence sig 
nature can be identified from each bead. Each signature 
sequence (MPSS tag) in a MPSS dataset is analyzed, com 
pared with all other signatures, and all identical signatures are 
counted. 

0273. In some cases, certain MPSS-based enrichment 
methods can include amplification (e.g., PCR)-based 
approaches. In some cases, loci-specific amplification meth 
ods can be used (e.g., using loci-specific amplification prim 
ers). In some cases, a multiplex SNP allele PCR approach can 
be used. In some cases, a multiplex SNP allele PCR approach 
can be used in combination with uniplex sequencing. For 
example, Such an approach can involve the use of multiplex 
PCR (e.g., MASSARRAY system) and incorporation of cap 
ture probe sequences into the amplicons followed by 
sequencing using, for example, the Illumina MPSS system. In 
some cases, a multiplex SNP allele PCR approach can be used 
in combination with a three-primer system and indexed 
sequencing. For example, Such an approach can involve the 
use of multiplex PCR (e.g., MASSARRAY system) with 
primers having a first capture probe incorporated into certain 
loci-specific forward PCR primers and adapter sequences 
incorporated into loci-specific reverse PCR primers, to 
thereby generate amplicons, followed by a secondary PCR to 
incorporate reverse capture sequences and molecular index 
barcodes for sequencing using, for example, the Illumina 
MPSS system. In some cases, a multiplex SNP allele PCR 
approach can be used in combination with a four-primer 
system and indexed sequencing. For example, such an 
approach can involve the use of multiplex PCR (e.g., MAS 
SARRAY system) with primers having adaptor sequences 
incorporated into both loci-specific forward and loci-specific 
reverse PCR primers, followed by a secondary PCR to incor 
porate both forward and reverse capture sequences and 
molecular index barcodes for sequencing using, for example, 
the Illumina MPSS system. In some cases, a microfluidics 
approach can be used. In some cases, an array-based microf 
luidics approach can be used. For example, such an approach 
can involve the use of a microfluidics array (e.g., Fluidigm) 
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for amplification at low plex and incorporation of index and 
capture probes, followed by sequencing. In some cases, an 
emulsion microfluidics approach can be used, such as, for 
example, digital droplet PCR. 
0274. In some cases, universal amplification methods can 
be used (e.g., using universal or non-loci-specific amplifica 
tion primers). In some cases, universal amplification methods 
can be used in combination with pull-down approaches. In 
Some cases, the method can include biotinylated ultramer 
pull-down (e.g., biotinylated pull-down assays from Agilent 
or IDT) from a universally amplified sequencing library. For 
example, such an approach can involve preparation of a stan 
dard library, enrichment for selected regions by a pull-down 
assay, and a secondary universal amplification step. In some 
cases, pull-down approaches can be used in combination with 
ligation-based methods. In some cases, the method can 
include biotinylated ultramer pull down with sequence spe 
cific adapter ligation (e.g., HALOPLEX PCR, Halo Genom 
ics). For example, such an approach can involve the use of 
selector probes to capture restriction enzyme-digested frag 
ments, followed by ligation of captured products to an adap 
tor, and universal amplification followed by sequencing. In 
Some cases, pull-down approaches can be used in combina 
tion with extension and ligation-based methods. In some 
cases, the method can include molecular inversion probe 
(MIP) extension and ligation. For example, Such an approach 
can involve the use of molecular inversion probes in combi 
nation with sequence adapters followed by universal ampli 
fication and sequencing. In some cases, complementary DNA 
can be synthesized and sequenced without amplification. 
0275. In some cases, extension and ligation approaches 
can be performed without a pull-down component. In some 
cases, the method can include loci-specific forward and 
reverse primer hybridization, extension and ligation. Such 
methods can further include universal amplification or 
complementary DNA synthesis without amplification, fol 
lowed by sequencing. Such methods can reduce or exclude 
background sequences during analysis, in Some cases. 
0276. In some cases, pull-down approaches can be used 
with an optional amplification component or with no ampli 
fication component. In some cases, the method can include a 
modified pull-down assay and ligation with full incorporation 
of capture probes without universal amplification. For 
example, Such an approach can involve the use of modified 
selector probes to capture restriction enzyme-digested frag 
ments, followed by ligation of captured products to an adap 
tor, optional amplification, and sequencing. In some cases, 
the method can include a biotinylated pull-down assay with 
extension and ligation of adaptor sequence in combination 
with circular single Stranded ligation. For example, Such an 
approach can involve the use of selector probes to capture 
regions of interest (i.e. target sequences), extension of the 
probes, adaptor ligation, single stranded circular ligation, 
optional amplification, and sequencing. In some cases, the 
analysis of the sequencing result can separate target 
sequences form background. 
0277. In some embodiments, nucleic acid is enriched for 
fragments from a select genomic region (e.g., chromosome) 
using one or more sequence-based separation methods 
described herein. Sequence-based separation generally is 
based on nucleotide sequences present in the fragments of 
interest (e.g., target and/or reference fragments) and Substan 
tially not present in other fragments of the sample or present 
in an insubstantial amount of the other fragments (e.g., 5% or 
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less). In some embodiments, sequence-based separation can 
generate separated target fragments and/or separated refer 
ence fragments. Separated target fragments and/or separated 
reference fragments typically are isolated away from the 
remaining fragments in the nucleic acid sample. In some 
cases, the separated target fragments and the separated refer 
ence fragments also are isolated away from each other (e.g., 
isolated in separate assay compartments). In some cases, the 
separated target fragments and the separated reference frag 
ments are isolated together (e.g., isolated in the same assay 
compartment). In some embodiments, unbound fragments 
can be differentially removed or degraded or digested. 
0278. In some embodiments, a selective nucleic acid cap 
ture process is used to separate target and/or reference frag 
ments away from the nucleic acid sample. Commercially 
available nucleic acid capture systems include, for example, 
Nimblegen sequence capture system (Roche NimbleGen. 
Madison, Wis.): Illumina BEADARRAY platform (Illumina, 
San Diego, Calif.); Affymetrix GENECHIP platform (Af. 
fymetrix, Santa Clara, Calif.); Agilent SureSelect Target 
Enrichment System (Agilent Technologies, Santa Clara, 
Calif.); and related platforms. Such methods typically involve 
hybridization of a capture oligonucleotide to a portion or all 
of the nucleotide sequence of a target or reference fragment 
and can include use of a solid phase (e.g., Solid phase array) 
and/or a solution based platform. Capture oligonucleotides 
(sometimes referred to as “bait) can be selected or designed 
such that they preferentially hybridize to nucleic acid frag 
ments from selected genomic regions or loci (e.g., one of 
chromosomes 21, 18, 13, XorY. or a reference chromosome). 
0279. In some embodiments, nucleic acid is enriched for a 
particular nucleic acid fragment length, range of lengths, or 
lengths under or over a particular threshold or cutoff using 
one or more length-based separation methods. Nucleic acid 
fragment length typically refers to the number of nucleotides 
in the fragment. Nucleic acid fragment length also is some 
times referred to as nucleic acid fragment size. In some 
embodiments, a length-based separation method is per 
formed without measuring lengths of individual fragments. In 
Some embodiments, a length based separation method is per 
formed in conjunction with a method for determining length 
of individual fragments. In some embodiments, length-based 
separation refers to a size fractionation procedure where all or 
part of the fractionated pool can be isolated (e.g., retained) 
and/or analyzed. Size fractionation procedures are known in 
the art (e.g., separation on an array, separation by a molecular 
sieve, separation by gel electrophoresis, separation by col 
umn chromatography (e.g., size-exclusion columns), and 
microfluidics-based approaches). In some cases, length 
based separation approaches can include fragment circular 
ization, chemical treatment (e.g., formaldehyde, polyethyl 
ene glycol (PEG)), mass spectrometry and/or size-specific 
nucleic acid amplification, for example. 
0280 Certain length-based separation methods that can be 
used with methods described herein employ a selective 
sequence tagging approach, for example. In Such methods, a 
fragment size species (e.g., short fragments) nucleic acids are 
selectively tagged in a sample that includes long and short 
nucleic acids. Such methods typically involve performing a 
nucleic acid amplification reaction using a set of nested prim 
ers which include inner primers and outer primers. In some 
cases, one or both of the inner can be tagged to thereby 
introduce a tag onto the target amplification product. The 
outer primers generally do not anneal to the short fragments 



US 2014/0093873 A1 

that carry the (inner) target sequence. The inner primers can 
anneal to the short fragments and generate an amplification 
product that carries a tag and the target sequence. Typically, 
tagging of the long fragments is inhibited through a combi 
nation of mechanisms which include, for example, blocked 
extension of the inner primers by the prior annealing and 
extension of the outer primers. Enrichment for tagged frag 
ments can be accomplished by any of a variety of methods, 
including for example, exonuclease digestion of single 
Stranded nucleic acid and amplification of the tagged frag 
ments using amplification primers specific for at least one tag. 
0281 Another length-based separation method that can be 
used with methods described herein involves subjecting a 
nucleic acid sample to polyethylene glycol (PEG) precipita 
tion. Examples of methods include those described in Inter 
national Patent Application Publication Nos. WO2007/ 
140417 and WO2010/115016. This method in general entails 
contacting a nucleic acid sample with PEG in the presence of 
one or more monovalent salts under conditions sufficient to 
Substantially precipitate large nucleic acids without Substan 
tially precipitating Small (e.g., less than 300 nucleotides) 
nucleic acids. 
0282 Another size-based enrichment method that can be 
used with methods described herein involves circularization 
by ligation, for example, using circligase. Short nucleic acid 
fragments typically can be circularized with higher efficiency 
than long fragments. Non-circularized sequences can be 
separated from circularized sequences, and the enriched short 
fragments can be used for further analysis. 

Nucleic Acid Amplification and Detection 
0283 Following separation of nucleic acid in a methyla 

tion-differential manner, nucleic acid may be amplified and/ 
or Subjected to a detection process (e.g., sequence-based 
analysis, mass spectrometry). Furthermore, once it is deter 
mined that one particular genomic sequence of fetal origin is 
hypermethylated or hypomethylated compared to the mater 
nal counterpart, the amount of this fetal genomic sequence 
can be determined. Subsequently, this amount can be com 
pared to a standard control value and serve as an indication for 
the potential of certain pregnancy-associated disorder. 
0284. Nucleotide sequences, or amplified nucleic acid 
sequences, or detectable products prepared from the forego 
ing, can be detected by a suitable detection process. Non 
limiting examples of methods of detection, quantification, 
sequencing and the like include mass detection of mass modi 
fied amplicons (e.g., matrix-assisted laser desorption ioniza 
tion (MALDI) mass spectrometry and electrospray (ES) mass 
spectrometry), a primer extension method (e.g., iPLEXTM: 
Sequenom, Inc.), direct DNA sequencing, Molecular Inver 
sion Probe (MIP) technology from Affymetrix, restriction 
fragment length polymorphism (RFLP analysis), allele spe 
cific oligonucleotide (ASO) analysis, methylation-specific 
PCR (MSPCR), pyrosequencing analysis, acycloprime 
analysis, Reverse dot blot, GeneChip microarrays, Dynamic 
allele-specific hybridization (DASH), Peptide nucleic acid 
(PNA) and locked nucleic acids (LNA) probes, TaqMan, 
Molecular Beacons, Intercalating dye, FRET primers, 
AlphaScreen, SNPstream, genetic bit analysis (GBA), Mul 
tiplex minisequencing, SNaPshot, GOOD assay, Microarray 
miniseq, arrayed primer extension (APEX), Microarray 
primer extension, Tag arrays, Coded microspheres, Template 
directed incorporation (TDI), fluorescence polarization, 
Colorimetric oligonucleotide ligation assay (OLA), 
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Sequence-coded OLA, Microarray ligation, Ligase chain 
reaction, Padlock probes, Invader assay, hybridization using 
at least one probe, hybridization using at least one fluores 
cently labeled probe, cloning and sequencing, electrophore 
sis, the use of hybridization probes and quantitative real time 
polymerase chain reaction (QRT-PCR), digital PCR, nanop 
ore sequencing, chips and combinations thereof. In some 
embodiments the amount of each amplified nucleic acid spe 
cies is determined by mass spectrometry, primer extension, 
sequencing (e.g., any suitable method, for example nanopore 
or pyrosequencing), Quantitative PCR (Q-PCR or QRT 
PCR), digital PCR, combinations thereof, and the like. 
0285 Nucleic acid detection and/or quantification also 
may include, for example, Solid Support array based detection 
of fluorescently labeled nucleic acid with fluorescent labels 
incorporated during or after PCR, single molecule detection 
of fluorescently labeled molecules in solution or captured on 
a solid phase, or other sequencing technologies such as, for 
example, sequencing using ION TORRENT or MISEQ plat 
forms or single molecule sequencing technologies using 
instrumentation Such as, for example, PACBIO sequencers, 
HELICOS sequencer, or nanopore sequencing technologies. 
0286. In some cases, nucleotide sequences, or amplified 
nucleic acid sequences, or detectable products prepared from 
the foregoing, are detected using a sequencing process (e.g., 
Such as a sequencing process described herein). Nucleic acid 
quantifications generated by a method comprising a sequenc 
ing detection process may be compared to nucleic acid quan 
tifications generated by a method comprising a different 
detection process (e.g., mass spectrometry). Such compari 
sons may be expressed using an R value, which is a measure 
of correlation between two outcomes (e.g., nucleic acid quan 
tifications). In some cases, nucleic acid quantifications (e.g., 
fetal copy number quantifications) are highly correlated (i.e., 
have high R values) for quantifications generated using dif 
ferent detection processes (e.g., sequencing and mass spec 
trometry). In some cases, R values for nucleic acid quantifi 
cations generated using different detection processes may be 
between about 0.90 and about 1.0. For example, R values 
may be about 0.91, 0.92, 0.93, 0.94, 0.95, 0.96, 0.97, 0.98, or 
O.99. 
0287 Amplification of Nucleotide Sequences 
0288. In many instances, it is desirable to amplify a 
nucleic acid sequence of the technology herein using any of 
several nucleic acid amplification procedures which are well 
known in the art (listed above and described in greater detail 
below). Specifically, nucleic acid amplification is the enzy 
matic synthesis of nucleic acid amplicons (copies) which 
contain a sequence that is complementary to a nucleic acid 
sequence being amplified. Nucleic acid amplification is espe 
cially beneficial when the amount of target sequence present 
in a sample is very low. By amplifying the target sequences 
and detecting the amplicon synthesized, the sensitivity of an 
assay can be vastly improved, since fewer target sequences 
are needed at the beginning of the assay to better ensure 
detection of nucleic acid in the sample belonging to the organ 
ism or virus of interest. 
0289. A variety of polynucleotide amplification methods 
are well established and frequently used in research. For 
instance, the general methods of polymerase chain reaction 
(PCR) for polynucleotide sequence amplification are well 
known in the art and are thus not described in detail herein. 
For a review of PCR methods, protocols, and principles in 
designing primers, see, e.g., Innis, et al., PCR Protocols: A 
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Guide to Methods and Applications, Academic Press, Inc. 
N.Y., 1990. PCR reagents and protocols are also available 
from commercial vendors, such as Roche Molecular Sys 
temS. 

0290 PCR is most usually carried out as an automated 
process with a thermostable enzyme. In this process, the 
temperature of the reaction mixture is cycled through a dena 
turing region, a primer annealing region, and an extension 
reaction region automatically. Machines specifically adapted 
for this purpose are commercially available. 
0291 Although PCR amplification of a polynucleotide 
sequence is typically used in practicing the present technol 
ogy, one of skill in the art will recognize that the amplification 
of a genomic sequence found in a maternal blood sample may 
be accomplished by any known method, such as ligase chain 
reaction (LCR), transcription-mediated amplification, and 
self-sustained sequence replication or nucleic acid sequence 
based amplification (NASBA), each of which provides suffi 
cient amplification. More recently developed branched-DNA 
technology may also be used to qualitatively demonstrate the 
presence of a particular genomic sequence of the technology 
herein, which represents a particular methylation pattern, or 
to quantitatively determine the amount of this particular 
genomic sequence in the maternal blood. For a review of 
branched-DNA signal amplification for direct quantitation of 
nucleic acid sequences in clinical samples, see Nolte, Adv. 
Clin. Chem. 33:201-235, 1998. 
0292. The compositions and processes of the technology 
herein are also particularly useful when practiced with digital 
PCR. Digital PCR was first developed by Kalinina and col 
leagues (Kalinina et al., “Nanoliter scale PCR with TaqMan 
detection.” Nucleic Acids Research. 25; 1999-2004, (1997)) 
and further developed by Vogelstein and Kinzler (Digital 
PCR. Proc Natl Acad Sci USA. 96: 9236-41, (1999)). The 
application of digital PCR for use with fetal diagnostics was 
first described by Cantor et al. (PCT Patent Publication No. 
WO05023091A2) and subsequently described by Quake et 
al. (US Patent Publication No. US 20070202525), which are 
both hereby incorporated by reference. Digital PCR takes 
advantage of nucleic acid (DNA, cDNA or RNA) amplifica 
tion on a single molecule level, and offers a highly sensitive 
method for quantifying low copy number nucleic acid. Flui 
digm R. Corporation offers systems for the digital analysis of 
nucleic acids. 

0293. The terms “amplify”, “amplification”, “amplifica 
tion reaction', or “amplifying refer to any in vitro process for 
multiplying the copies of a nucleic acid. Amplification some 
times refers to an “exponential” increase in nucleic acid. 
However, “amplifying as used herein can also refer to linear 
increases in the numbers of a select nucleic acid, but is dif 
ferent than a one-time, single primer extension step. In some 
embodiments a limited amplification reaction, also known as 
pre-amplification, can be performed. Pre-amplification is a 
method in which a limited amount of amplification occurs 
due to a small number of cycles, for example 10 cycles, being 
performed. Pre-amplification can allow some amplification, 
but stops amplification prior to the exponential phase, and 
typically produces about 500 copies of the desired nucleotide 
sequence(s). Use of pre-amplification may also limit inaccu 
racies associated with depleted reactants in standard PCR 
reactions, for example, and also may reduce amplification 
biases due to nucleotide sequence or abundance of the nucleic 
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acid. In some embodiments a one-time primer extension may 
be performed as a prelude to linear or exponential amplifica 
tion. 

0294 Any suitable amplification technique can be uti 
lized. Amplification of polynucleotides include, but are not 
limited to, polymerase chain reaction (PCR); ligation ampli 
fication (or ligase chain reaction (LCR)); amplification meth 
ods based on the use of Q-beta replicase or template-depen 
dent polymerase (see US Patent Publication Number 
US20050287592); helicase-dependant isothermal amplifica 
tion (Vincent et al., “Helicase-dependent isothermal DNA 
amplification”. EMBO reports 5 (8): 795-800 (2004)): strand 
displacement amplification (SDA); thermophilic SDA 
nucleic acid sequence based amplification (3SR or NASBA) 
and transcription-associated amplification (TAA). Non-lim 
iting examples of PCR amplification methods include stan 
dard PCR, AFLP-PCR, Allele-specific PCR, Alu-PCR, 
Asymmetric PCR, Colony PCR, Hot start PCR, Inverse PCR 
(IPCR). In situ PCR (ISH), Intersequence-specific PCR 
(ISSR-PCR), Long PCR, Multiplex PCR, Nested PCR, 
Quantitative PCR, Reverse Transcriptase PCR(RT-PCR), 
Real Time PCR, Single cell PCR, Solid phase PCR, digital 
PCR, combinations thereof, and the like. For example, ampli 
fication can be accomplished using digital PCR, in certain 
embodiments (see e.g. Kalinina et al., “Nanoliter scale PCR 
with TaqMan detection.” Nucleic Acids Research. 25; 1999 
2004, (1997); Vogelstein and Kinzler (Digital PCR. Proc Natl 
AcadSci USA. 96:9236-41, (1999); PCT Patent Publication 
No. WO05023091A2: US Patent Publication No. US 
20070202525). Digital PCR takes advantage of nucleic acid 
(DNA, cDNA or RNA) amplification on a single molecule 
level, and offers a highly sensitive method for quantifying low 
copy number nucleic acid. Systems for digital amplification 
and analysis of nucleic acids are available (e.g., FluidigmR) 
Corporation). Reagents and hardware for conducting PCR 
are commercially available. 
0295) A generalized description of an amplification pro 
cess is presented herein. Primers and nucleic acid are con 
tacted, and complementary sequences anneal to one another, 
for example. Primers can anneal to a nucleic acid, at or near 
(e.g., adjacent to, abutting, and the like) a sequence of inter 
est. In some embodiments, the primers in a set hybridize 
within about 10 to 30 nucleotides from a nucleic acid 
sequence of interest and produce amplified products. In some 
embodiments, the primers hybridize within the nucleic acid 
sequence of interest. 
0296. A reaction mixture, containing components neces 
sary for enzymatic functionality, is added to the primer 
nucleic acid hybrid, and amplification can occur under Suit 
able conditions. Components of an amplification reaction 
may include, but are not limited to, e.g., primers (e.g., indi 
vidual primers, primer pairs, primer sets and the like) a poly 
nucleotide template, polymerase, nucleotides, dNTPs and the 
like. In some embodiments, non-naturally occurring nucle 
otides or nucleotide analogs, such as analogs containing a 
detectable label (e.g., fluorescent or colorimetric label), may 
be used for example. Polymerases can be selected by a person 
of ordinary skill and include polymerases for thermocycle 
amplification (e.g., Taq DNA Polymerase; Q-BioTM Taq DNA 
Polymerase (recombinant truncated form of Taq DNA Poly 
merase lacking 5'-3' exo activity); SurePrimeTM Polymerase 
(chemically modified Taq DNA polymerase for “hot start 
PCR); ArrowTM. Taq DNA Polymerase (high sensitivity and 
long template amplification)) and polymerases for thermo 
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stable amplification (e.g., RNA polymerase for transcription 
mediated amplification (TMA) described at WorldWideWeb 
URL “gen-probe.com/pdfs/tma whiteppr.pdf). Other 
enzyme components can be added. Such as reverse tran 
scriptase for transcription mediated amplification (TMA) 
reactions, for example. 
0297 PCR conditions can be dependent upon primer 
sequences, abundance of nucleic acid, and the desired amount 
of amplification, and therefore, one of skill in the art may 
choose from a number of PCR protocols available (see, e.g., 
U.S. Pat. Nos. 4,683,195 and 4,683,202; and PCR Protocols: 
A Guide to Methods and Applications, Innis et al., eds, 1990. 
Digital PCR is also known in the art; see, e.g., United States 
Patent Application Publication no. 20070202525, filed Feb.2, 
2007, which is hereby incorporated by reference). PCR is 
typically carried out as an automated process with a thermo 
stable enzyme. In this process, the temperature of the reaction 
mixture is cycled through a denaturing step, a primer-anneal 
ing step, and an extension reaction step automatically. Some 
PCR protocols also include an activation step and a final 
extension step. Machines specifically adapted for this pur 
pose are commercially available. A non-limiting example of a 
PCR protocol that may be suitable for embodiments 
described herein is, treating the sample at 95°C. for 5 min 
utes; repeating thirty-five cycles of 95°C. for 45 seconds and 
68°C. for 30 seconds; and then treating the sample at 72°C. 
for 3 minutes. A completed PCR reaction can optionally be 
kept at 4°C. until further action is desired. Multiple cycles 
frequently are performed using a commercially available 
thermal cycler. Suitable isothermal amplification processes 
known and selected by the person of ordinary skill in the art 
also may be applied, in certain embodiments. 
0298. In some embodiments, an amplification product 
may include naturally occurring nucleotides, non-naturally 
occurring nucleotides, nucleotide analogs and the like and 
combinations of the foregoing. An amplification product 
often has a nucleotide sequence that is identical to or Substan 
tially identical to a nucleic acid sequence herein, or comple 
ment thereof. A “substantially identical nucleotide sequence 
in an amplification product will generally have a high degree 
of sequence identity to the nucleotide sequence species being 
amplified or complement thereof (e.g., about 75%, 76%, 
77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98%, 99% or greater than 99% sequence identity), and 
variations sometimes are a result of infidelity of the poly 
merase used for extension and/or amplification, or additional 
nucleotide sequence(s) added to the primers used for ampli 
fication. 

0299 Primers 
0300 Primers useful for detection, amplification, quanti 
fication, sequencing and analysis of nucleic acid are pro 
vided. The term “primer' as used herein refers to a nucleic 
acid that includes a nucleotide sequence capable of hybridiz 
ing or annealing to a target nucleic acid, at or near (e.g., 
adjacent to) a specific region of interest. Primers can allow for 
specific determination of a target nucleic acid nucleotide 
sequence or detection of the target nucleic acid (e.g., presence 
or absence of a sequence or copy number of a sequence), or 
feature thereof, for example. A primer may be naturally 
occurring or synthetic. The term “specific' or “specificity', as 
used herein, refers to the binding or hybridization of one 
molecule to another molecule, such as a primer for a target 
polynucleotide. That is, “specific' or “specificity” refers to 
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the recognition, contact, and formation of a stable complex 
between two molecules, as compared to Substantially less 
recognition, contact, or complex formation of either of those 
two molecules with other molecules. As used herein, the term 
“anneal' refers to the formation of a stable complex between 
two molecules. The terms “primer, “oligo', or "oligonucle 
otide' may be used interchangeably throughout the docu 
ment, when referring to primers. 
0301 Aprimer nucleic acid can be designed and synthe 
sized using Suitable processes, and may be of any length 
Suitable for hybridizing to a nucleotide sequence of interest 
(e.g., where the nucleic acid is in liquid phase or bound to a 
Solid Support) and performing analysis processes described 
herein. Primers may be designed based upon a target nucle 
otide sequence. A primer in some embodiments may be about 
10 to about 100 nucleotides, about 10 to about 70 nucleotides, 
about 10 to about 50 nucleotides, about 15 to about 30 nucle 
otides, or about 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 25, 30,35, 40, 45, 50,55, 60, 65,70, 75,80, 85,90,95 
or 100 nucleotides in length. A primer may be composed of 
naturally occurring and/or non-naturally occurring nucle 
otides (e.g., labeled nucleotides), or a mixture thereof. Prim 
ers suitable for use with embodiments described herein, may 
be synthesized and labeled using known techniques. Primers 
may be chemically synthesized according to the Solid phase 
phosphoramidite triester method first described by Beaucage 
and Caruthers, Tetrahedron Letts., 22:1859-1862, 1981, 
using an automated synthesizer, as described in Needham 
VanDevanter et al., Nucleic Acids Res. 12:6159-6168, 1984. 
Purification of primers can be effected by native acrylamide 
gel electrophoresis or by anion-exchange high-performance 
liquid chromatography (HPLC), for example, as described in 
Pearson and Regnier, J. Chrom..., 255:137-149, 1983. 
0302 All or a portion of a primer nucleic acid sequence 
(naturally occurring or synthetic) may be substantially 
complementary to a target nucleic acid, in some embodi 
ments. As referred to herein, “substantially complementary 
with respect to sequences refers to nucleotide sequences that 
will hybridize with each other. The stringency of the hybrid 
ization conditions can be altered to tolerate varying amounts 
of sequence mismatch. Included are target and primer 
sequences that are 55% or more, 56% or more, 57% or more, 
58% or more, 59% or more, 60% or more, 61% or more, 62% 
or more, 63% or more, 64% or more, 65% or more, 66% or 
more, 67% or more, 68% or more, 69% or more, 70% or more, 
71% or more, 72% or more, 73% or more, 74% or more, 75% 
or more, 76% or more, 77% or more, 78% or more, 79% or 
more, 80% or more, 81% or more, 82% or more, 83% or more, 
84% or more, 85% or more, 86% or more, 87% or more, 88% 
or more, 89% or more, 90% or more, 91% or more, 92% or 
more, 93% or more, 94% or more, 95% or more, 96% or more, 
97% or more, 98% or more or 99% or more complementary to 
each other. 

0303 Primers that are substantially complimentary to a 
target nucleic acid sequence are also Substantially identical to 
the compliment of the target nucleic acid sequence. That is, 
primers are substantially identical to the anti-sense Strand of 
the nucleic acid. As referred to herein, “substantially identi 
cal with respect to sequences refers to nucleotide sequences 
that are 55% or more, 56% or more, 57% or more, 58% or 
more, 59% or more, 60% or more, 61% or more, 62% or more, 
63% or more, 64% or more, 65% or more, 66% or more, 67% 
or more, 68% or more, 69% or more, 70% or more, 71% or 
more, 72% or more, 73% or more, 74% or more, 75% or more, 
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76% or more, 77% or more, 78% or more, 79% or more, 80% 
or more, 81% or more, 82% or more, 83% or more, 84% or 
more, 85% or more, 86% or more, 87% or more, 88% or more, 
89% or more, 90% or more, 91% or more, 92% or more, 93% 
or more, 94% or more, 95% or more, 96% or more, 97% or 
more, 98% or more or 99% or more identical to each other. 
One test for determining whether two nucleotide sequences 
are substantially identical is to determine the percent of iden 
tical nucleotide sequences shared. 
0304 Primer sequences and length may affect hybridiza 
tion to target nucleic acid sequences. Depending on the 
degree of mismatch between the primer and target nucleic 
acid, low, medium or high Stringency conditions may be used 
to effect primer/target annealing. As used herein, the term 
“stringent conditions' refers to conditions for hybridization 
and washing. Methods for hybridization reaction temperature 
condition optimization are known to those of skill in the art, 
and may be found in Current Protocols in Molecular Biology, 
John Wiley & Sons, N.Y., 6.3.1-6.3.6 (1989). Aqueous and 
non-aqueous methods are described in that reference and 
either can be used. Non-limiting examples of stringent 
hybridization conditions are hybridization in 6x sodium chlo 
ride/sodium citrate (SSC) at about 45° C., followed by one or 
more washes in 0.2xSSC, 0.1% SDS at 50° C. Another 
example of stringent hybridization conditions are hybridiza 
tion in 6x sodium chloride/sodium citrate (SSC) at about 45° 
C., followed by one or more washes in 0.2xSSC, 0.1% SDS at 
55° C. A further example of stringent hybridization condi 
tions is hybridization in 6x sodium chloride/sodium citrate 
(SSC) at about 45° C., followed by one or more washes in 
0.2xSSC, 0.1% SDS at 60° C. Often, stringent hybridization 
conditions are hybridization in 6x sodium chloride/sodium 
citrate (SSC) at about 45°C., followed by one or more washes 
in 0.2xSSC, 0.1% SDS at 65° C. More often, stringency 
conditions are 0.5M sodium phosphate, 7% SDS at 65° C. 
followed by one or more washes at 0.2xSSC, 1% SDS at 65° 
C. Stringent hybridization temperatures can also be altered 
(i.e. lowered) with the addition of certain organic solvents, 
formamide for example. Organic solvents, like formamide, 
reduce the thermal stability of double-stranded polynucle 
otides, so that hybridization can be performed at lower tem 
peratures, while still maintaining stringent conditions and 
extending the useful life of nucleic acids that may be heat 
labile. Features of primers can be applied to probes and oli 
gonucleotides, such as, for example, the competitive and 
inhibitory oligonucleotides provided herein. 
0305 As used herein, the phrase “hybridizing” or gram 
matical variations thereof, refers to binding of a first nucleic 
acid molecule to a second nucleic acid molecule under low, 
medium or high Stringency conditions, or under nucleic acid 
synthesis conditions. Hybridizing can include instances 
where a first nucleic acid molecule binds to a second nucleic 
acid molecule, where the first and second nucleic acid mol 
ecules are complementary. As used herein, “specifically 
hybridizes” refers to preferential hybridization under nucleic 
acid synthesis conditions of a primer, to a nucleic acid mol 
ecule having a sequence complementary to the primer com 
pared to hybridization to a nucleic acid molecule not having a 
complementary sequence. For example, specific hybridiza 
tion includes the hybridization of a primer to a target nucleic 
acid sequence that is complementary to the primer. 
0306 In some embodiments primers can include a nucle 
otide Subsequence that may be complementary to a solid 
phase nucleic acid primer hybridization sequence or Substan 
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tially complementary to a Solid phase nucleic acid primer 
hybridization sequence (e.g., about 75%, 76%, 77%, 78%, 
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 
99% or greater than 99% identical to the primer hybridization 
sequence complement when aligned). A primer may contain 
a nucleotide Subsequence not complementary to or not Sub 
stantially complementary to a solid phase nucleic acid primer 
hybridization sequence (e.g., at the 3' or 5' end of the nucle 
otide Subsequence in the primer complementary to or Sub 
stantially complementary to the Solid phase primer hybrid 
ization sequence). 
0307. A primer, in certain embodiments, may contain a 
modification Such as one or more inosines, abasic sites, 
locked nucleic acids, minor groove binders, duplex stabilizers 
(e.g., acridine, spermidine), Tm modifiers or any modifier 
that changes the binding properties of the primers or probes. 
A primer, in certain embodiments, may contain a detectable 
molecule or entity (e.g., a fluorophore, radioisotope, colori 
metric agent, particle, enzyme and the like, as described 
above for labeled competitor oligonucleotides). 
0308) A primer also may refer to a polynucleotide 
sequence that hybridizes to a Subsequence of a target nucleic 
acid or another primer and facilitates the detection of a 
primer, a target nucleic acid or both, as with molecular bea 
cons, for example. The term “molecular beacon” as used 
herein refers to detectable molecule, where the detectable 
property of the molecule is detectable only under certain 
specific conditions, thereby enabling it to function as a spe 
cific and informative signal. Non-limiting examples of 
detectable properties are, optical properties, electrical prop 
erties, magnetic properties, chemical properties and time or 
speed through an opening of known size. 
0309. In some embodiments, the primers are complemen 
tary to genomic DNA target sequences. In some cases, the 
forward and reverse primers hybridize to the 5' and 3' ends of 
the genomic DNA target sequences. In some embodiments, 
primers that hybridize to the genomic DNA target sequences 
also hybridize to competitor oligonucleotides that were 
designed to compete with corresponding genomic DNA tar 
get sequences for binding of the primers. In some cases, the 
primers hybridize or anneal to the genomic DNA target 
sequences and the corresponding competitor oligonucle 
otides with the same or similar hybridization efficiencies. In 
some cases the hybridization efficiencies are different. The 
ratio between genomic DNA target amplicons and competitor 
amplicons can be measured during the reaction. For example 
if the ratio is 1:1 at 28 cycles but 2:1 at 35, this could indicate 
that during the end of the amplification reaction the primers 
for one target (i.e. genomic DNA target or competitor) are 
either reannealing faster than the other, or the denaturation is 
less effective than the other. 

0310. In some embodiments primers are used in sets. As 
used herein, an amplification primer set is one or more pairs 
of forward and reverse primers for a given region. Thus, for 
example, primers that amplify genomic targets for region 1 
(i.e. targets 1a and 1b) are considered a primer set. Primers 
that amplify genomic targets for region 2 (i.e. targets 2a and 
2b) are considered a different primer set. In some embodi 
ments, the primer sets that amplify targets within a particular 
region also amplify the corresponding competitor oligonucle 
otide(s). A plurality of primer pairs may constitute a primer 
set in certain embodiments (e.g., about 2, 3, 4, 5, 6,7,8,9, 10. 
15, 20, 25, 30,35, 40, 45, 50,55, 60, 65,70, 75,80, 85,90,95 



US 2014/0093873 A1 

or 100 pairs). In some embodiments a plurality of primer sets, 
each set comprising pair(s) of primers, may be used. 
0311 Determination of Polynucleotide Sequences 
0312 Techniques for polynucleotide sequence determina 
tion are also well established and widely practiced in the 
relevant research field. For instance, the basic principles and 
general techniques for polynucleotide sequencing are 
described in various research reports and treatises on molecu 
lar biology and recombinant genetics, such as Wallace et al., 
Supra; Sambrook and Russell, Supra, and Ausubel et al., 
Supra. DNA sequencing methods routinely practiced in 
research laboratories, either manual or automated, can be 
used for practicing the present technology. Additional means 
Suitable for detecting changes in a polynucleotide sequence 
for practicing the methods of the present technology include 
but are not limited to mass spectrometry, primer extension, 
polynucleotide hybridization, real-time PCR, and electro 
phoresis. 
0313 Use of a primer extension reaction also can be 
applied in methods of the technology herein. A primer exten 
sion reaction operates, for example, by discriminating the 
SNP alleles by the incorporation of deoxynucleotides and/or 
dideoxynucleotides to a primer extension primer which 
hybridizes to a region adjacent to the SNP site. The primer is 
extended with a polymerase. The primer extended SNP can be 
detected physically by mass spectrometry or by a tagging 
moiety such as biotin. As the SNP site is only extended by a 
complementary deoxynucleotide ordideoxynucleotide that is 
either tagged by a specific label or generates a primer exten 
sion product with a specific mass, the SNP alleles can be 
discriminated and quantified. 
0314 Reverse transcribed and amplified nucleic acids 
may be modified nucleic acids. Modified nucleic acids can 
include nucleotide analogs, and in certain embodiments 
include a detectable label and/or a capture agent. Examples of 
detectable labels include without limitation fluorophores, 
radioisotopes, colormetric agents, light emitting agents, 
chemiluminescent agents, light scattering agents, enzymes 
and the like. Examples of capture agents include without 
limitation an agent from a binding pair selected from anti 
body/antigen, antibody/antibody, antibody/antibody frag 
ment, antibody/antibody receptor, antibody/protein A or pro 
tein G, hapten/anti-hapten, biotin/avidin, biotin/streptavidin, 
folic acid/folate binding protein, vitamin B12/intrinsic factor, 
chemical reactive group/complementary chemical reactive 
group (e.g., Sulfhydryl/maleimide, Sulfhydryl/haloacetyl 
derivative, aminefisotriocyanate, amine/Succinimidyl ester, 
and amine/sulfonyl halides) pairs, and the like. Modified 
nucleic acids having a capture agent can be immobilized to a 
Solid Support in certain embodiments 
0315 Mass spectrometry is a particularly effective 
method for the detection of a polynucleotide of the technol 
ogy herein, for example a PCR amplicon, a primer extension 
product or a detector probe that is cleaved from a target 
nucleic acid. The presence of the polynucleotide sequence is 
verified by comparing the mass of the detected signal with the 
expected mass of the polynucleotide of interest. The relative 
signal strength, e.g., mass peak on a spectra, for a particular 
polynucleotide sequence indicates the relative population of a 
specific allele, thus enabling calculation of the allele ratio 
directly from the data. For a review of genotyping methods 
using Sequenom R) standard iPLEXTM assay and Mass AR 
RAY (R) technology, see Jurinke, C., Oeth, P. van den Boom, 
D., “MALDI-TOF mass spectrometry: a versatile tool for 
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high-performance DNA analysis.” Mol. Biotechnol. 26, 147 
164 (2004); and Oeth, P. et al., “iPLEXTM Assay: Increased 
Plexing Efficiency and Flexibility for Mass ARRAYR System 
through single base primer extension with mass-modified 
Terminators.” SEQUENOM Application Note (2005), both 
of which are hereby incorporated by reference. For a review 
of detecting and quantifying target nucleic using cleavable 
detector probes that are cleaved during the amplification pro 
cess and detected by mass spectrometry, see U.S. patent 
application Ser. No. 11/950,395, which was filed Dec. 4, 
2007, and is hereby incorporated by reference. 
0316 Sequencing technologies are improving in terms of 
throughput and cost. Sequencing technologies, such as that 
achievable on the 454 platform (Roche) (Margulies, M. et al. 
2005 Nature 437, 376-380), Illumina Genome Analyzer (or 
Solexa platform) or SOLiD System (Applied Biosystems) or 
the Helicos True Single Molecule DNA sequencing technol 
ogy (Harris TD et al. 2008 Science, 320, 106-109), the single 
molecule, real-time (SMRTTM) technology of Pacific Bio 
Sciences, and nanopore sequencing (Soni G V and Meller A. 
2007 Clin Chem 53: 1996-2001), allow the sequencing of 
many nucleic acid molecules isolated from a specimen at high 
orders of multiplexing in a parallel fashion (Dear Brief Funct 
Genomic Proteomic 2003: 1: 397-416). 
0317 Each of these platforms allow sequencing of 
clonally expanded or non-amplified single molecules of 
nucleic acid fragments. Certain platforms involve, for 
example, (i) sequencing by ligation of dye-modified probes 
(including cyclic ligation and cleavage), (ii) pyrosequencing, 
and (iii) single-molecule sequencing. Nucleotide sequence 
species, amplification nucleic acid species and detectable 
products generated there from can be considered a “'study 
nucleic acid for purposes of analyzing a nucleotide sequence 
by Such sequence analysis platforms. 
0318 Sequencing by ligation is a nucleic acid sequencing 
method that relies on the sensitivity of DNA ligase to base 
pairing mismatch. DNA ligase joins together ends of DNA 
that are correctly base paired. Combining the ability of DNA 
ligase to join together only correctly base paired DNA ends, 
with mixed pools of fluorescently labeled oligonucleotides or 
primers, enables sequence determination by fluorescence 
detection. Longer sequence reads may be obtained by includ 
ing primers containing cleavable linkages that can be cleaved 
after label identification. Cleavage at the linker removes the 
label and regenerates the 5'phosphate on the end of the ligated 
primer, preparing the primer for another round of ligation. In 
some embodiments primers may be labeled with more than 
one fluorescent label (e.g., 1 fluorescent label, 2, 3, or 4 
fluorescent labels). An example of a system that can be used 
by a person of ordinary skill based on sequencing by ligation 
generally involves the following steps. Clonal bead popula 
tions can be prepared in emulsion microreactors containing 
study nucleic acid (“template'), amplification reaction com 
ponents, beads and primers. After amplification, templates 
are denatured and bead enrichment is performed to separate 
beads with extended templates from undesired beads (e.g., 
beads with no extended templates). The template on the 
selected beads undergoes a 3' modification to allow covalent 
bonding to the slide, and modified beads can be deposited 
onto a glass slide. Deposition chambers offer the ability to 
segment a slide into one, four or eight chambers during the 
bead loading process. For sequence analysis, primers hybrid 
ize to the adapter sequence. A set of four color dye-labeled 
probes competes for ligation to the sequencing primer. Speci 
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ficity of probe ligation is achieved by interrogating every 4th 
and 5th base during the ligation series. Five to seven rounds of 
ligation, detection and cleavage record the color at every 5th 
position with the number of rounds determined by the type of 
library used. Following each round of ligation, a new com 
plimentary primer offset by one base in the 5' direction is laid 
down for another series of ligations. Primer reset and ligation 
rounds (5-7 ligation cycles per round) are repeated sequen 
tially five times to generate 25-35 base pairs of sequence for 
a single tag. With mate-paired sequencing, this process is 
repeated for a second tag. Such a system can be used to 
exponentially amplify amplification products generated by a 
process described herein, e.g., by ligating a heterologous 
nucleic acid to the first amplification product generated by a 
process described herein and performing emulsion amplifi 
cation using the same or a different solid Support originally 
used to generate the first amplification product. Such a system 
also may be used to analyze amplification products directly 
generated by a process described herein by bypassing an 
exponential amplification process and directly sorting the 
Solid Supports described herein on the glass slide. 
0319 Pyrosequencing is a nucleic acid sequencing 
method based on sequencing by synthesis, which relies on 
detection of a pyrophosphate released on nucleotide incorpo 
ration. Generally, sequencing by synthesis involves synthe 
sizing, one nucleotide at a time, a DNA strand complimentary 
to the strand whose sequence is being sought. Study nucleic 
acids may be immobilized to a solid support, hybridized with 
a sequencing primer, incubated with DNA polymerase, ATP 
Sulfurylase, luciferase, apyrase, adenosine 5' phosphsulfate 
and luciferin. Nucleotide solutions are sequentially added 
and removed. Correct incorporation of a nucleotide releases a 
pyrophosphate, which interacts with ATP sulfurylase and 
produces ATP in the presence of adenosine 5' phosphsulfate, 
fueling the luciferin reaction, which produces a chemilumi 
nescent signal allowing sequence determination. 
0320 An example of a system that can be used by a person 
of ordinary skill based on pyrosequencing generally involves 
the following steps: ligating an adaptor nucleic acid to a study 
nucleic acid and hybridizing the study nucleic acid to a bead; 
amplifying a nucleotide sequence in the study nucleic acid in 
an emulsion; Sorting beads using a picoliter multiwell Solid 
Support; and sequencing amplified nucleotide sequences by 
pyrosequencing methodology (e.g., Nakano et al., “Single 
molecule PCR using water-in-oil emulsion: Journal of Bio 
technology 102: 117-124 (2003)). Such a system can be used 
to exponentially amplify amplification products generated by 
a process described herein, e.g., by ligating a heterologous 
nucleic acid to the first amplification product generated by a 
process described herein. 
0321 Certain single-molecule sequencing embodiments 
are based on the principal of sequencing by Synthesis, and 
utilize single-pair Fluorescence Resonance Energy Transfer 
(single pair FRET) as a mechanism by which photons are 
emitted as a result of successful nucleotide incorporation. The 
emitted photons often are detected using intensified or high 
sensitivity cooled charge-couple-devices in conjunction with 
total internal reflection microscopy (TIRM). Photons are only 
emitted when the introduced reaction solution contains the 
correct nucleotide for incorporation into the growing nucleic 
acid chain that is synthesized as a result of the sequencing 
process. In FRET based single-molecule sequencing, energy 
is transferred between two fluorescent dyes, sometimes poly 
methine cyanine dyes Cy3 and Cy5, through long-range 
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dipole interactions. The donor is excited at its specific exci 
tation wavelength and the excited State energy is transferred, 
non-radiatively to the acceptor dye, which in turn becomes 
excited. The acceptor dye eventually returns to the ground 
state by radiative emission of a photon. The two dyes used in 
the energy transfer process represent the “single pair, in 
single pair FRET. Cy3 often is used as the donor fluorophore 
and often is incorporated as the first labeled nucleotide. Cy5 
often is used as the acceptor fluorophore and is used as the 
nucleotide label for successive nucleotide additions after 
incorporation of a first Cy3 labeled nucleotide. The fluoro 
phores generally are within 10 nanometers of each for energy 
transfer to occur Successfully. 
0322. An example of a system that can be used based on 
single-molecule sequencing generally involves hybridizing a 
primer to a study nucleic acid to generate a complex; associ 
ating the complex with a solid phase; iteratively extending the 
primer by a nucleotide tagged with a fluorescent molecule: 
and capturing an image of fluorescence resonance energy 
transfer signals after each iteration (e.g., U.S. Pat. No. 7,169, 
314; Braslavsky et al., PNAS 100(7): 3960-3964 (2003)). 
Such a system can be used to directly sequence amplification 
products generated by processes described herein. In some 
embodiments the released linear amplification product can be 
hybridized to a primer that contains sequences complemen 
tary to immobilized capture sequences present on a solid 
Support, a bead or glass slide for example. Hybridization of 
the primer—released linear amplification product complexes 
with the immobilized capture sequences, immobilizes 
released linear amplification products to Solid Supports for 
single pair FRET based sequencing by Synthesis. The primer 
often is fluorescent, so that an initial reference image of the 
surface of the slide with immobilized nucleic acids can be 
generated. The initial reference image is useful for determin 
ing locations at which true nucleotide incorporation is occur 
ring. Fluorescence signals detected in array locations not 
initially identified in the “primer only” reference image are 
discarded as non-specific fluorescence. Following immobili 
Zation of the primer—released linear amplification product 
complexes, the bound nucleic acids often are sequenced in 
parallel by the iterative steps of a) polymerase extension in 
the presence of one fluorescently labeled nucleotide, b) detec 
tion of fluorescence using appropriate microscopy, TIRM for 
example, c) removal of fluorescent nucleotide, and d) return 
to step a with a different fluorescently labeled nucleotide. 
0323 In some embodiments, nucleotide sequencing may 
be by Solid phase single nucleotide sequencing methods and 
processes. Solid phase single nucleotide sequencing methods 
involve contacting sample nucleic acid and Solid Support 
under conditions in which a single molecule of sample 
nucleic acid hybridizes to a single molecule of a solid Support. 
Such conditions can include providing the Solid Support mol 
ecules and a single molecule of sample nucleic acid in a 
“microreactor. Such conditions also can include providing a 
mixture in which the sample nucleic acid molecule can 
hybridize to Solid phase nucleic acid on the Solid Support. 
Single nucleotide sequencing methods useful in the embodi 
ments described herein are described in U.S. Provisional 
Patent Application Ser. No. 61/021,871 filed Jan. 17, 2008. 
0324. In certain embodiments, nanopore sequencing 
detection methods include (a) contacting a nucleic acid for 
sequencing (“base nucleic acid, e.g., linked probe molecule) 
with sequence-specific detectors, under conditions in which 
the detectors specifically hybridize to substantially comple 
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mentary Subsequences of the base nucleic acid; (b) detecting 
signals from the detectors and (c) determining the sequence 
of the base nucleic acid according to the signals detected. In 
certain embodiments, the detectors hybridized to the base 
nucleic acid are disassociated from the base nucleic acid (e.g., 
sequentially dissociated) when the detectors interfere with a 
nanopore structure as the base nucleic acid passes through a 
pore, and the detectors disassociated from the base sequence 
are detected. In some embodiments, a detector disassociated 
from a base nucleic acid emits a detectable signal, and the 
detector hybridized to the base nucleic acid emits a different 
detectable signal or no detectable signal. In certain embodi 
ments, nucleotides in a nucleic acid (e.g., linked probe mol 
ecule) are Substituted with specific nucleotide sequences cor 
responding to specific nucleotides ("nucleotide 
representatives”), thereby giving rise to an expanded nucleic 
acid (e.g., U.S. Pat. No. 6,723.513), and the detectors hybrid 
ize to the nucleotide representatives in the expanded nucleic 
acid, which serves as a base nucleic acid. In Such embodi 
ments, nucleotide representatives may be arranged in a binary 
or higher order arrangement (e.g., Soni and Meller, Clinical 
Chemistry 53(11): 1996-2001 (2007)). In some embodi 
ments, a nucleic acid is not expanded, does not give rise to an 
expanded nucleic acid, and directly serves a base nucleic acid 
(e.g., a linked probe molecule serves as a non-expanded base 
nucleic acid), and detectors are directly contacted with the 
base nucleic acid. For example, a first detector may hybridize 
to a first Subsequence and a second detector may hybridize to 
a second subsequence, where the first detector and second 
detector each have detectable labels that can be distinguished 
from one another, and where the signals from the first detector 
and second detector can be distinguished from one another 
when the detectors are disassociated from the base nucleic 
acid. In certain embodiments, detectors include a region that 
hybridizes to the base nucleic acid (e.g., two regions), which 
can be about 3 to about 100 nucleotides in length (e.g., about 
4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 
35, 40, 50, 55, 60, 65,70, 75, 80, 85,90, or 95 nucleotides in 
length). A detector also may include one or more regions of 
nucleotides that do not hybridize to the base nucleic acid. In 
Some embodiments, a detector is a molecular beacon. A 
detector often comprises one or more detectable labels inde 
pendently selected from those described herein. Each detect 
able label can be detected by any convenient detection pro 
cess capable of detecting a signal generated by each label 
(e.g., magnetic, electric, chemical, optical and the like). For 
example, a CD camera can be used to detect signals from one 
or more distinguishable quantum dots linked to a detector. 
0325 In certain sequence analysis embodiments, reads 
may be used to construct a larger nucleotide sequence, which 
can be facilitated by identifying overlapping sequences in 
different reads and by using identification sequences in the 
reads. Such sequence analysis methods and Software for con 
structing larger sequences from reads are known to the person 
of ordinary skill (e.g., Venter et al., Science 291: 1304-1351 
(2001)). Specific reads, partial nucleotide sequence con 
structs, and full nucleotide sequence constructs may be com 
pared between nucleotide sequences within a sample nucleic 
acid (i.e., internal comparison) or may be compared with a 
reference sequence (i.e., reference comparison) in certain 
sequence analysis embodiments. Internal comparisons some 
times are performed in situations where a sample nucleic acid 
is prepared from multiple samples or from a single sample 
Source that contains sequence variations. Reference compari 
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Sons sometimes are performed when a reference nucleotide 
sequence is known and an objective is to determine whether a 
sample nucleic acid contains a nucleotide sequence that is 
substantially similar or the same, or different, than a reference 
nucleotide sequence. Sequence analysis is facilitated by 
sequence analysis apparatus and components known to the 
person of ordinary skill in the art. 
0326 Methods provided herein allow for high-throughput 
detection of nucleic acid species in a plurality of nucleic acids 
(e.g., nucleotide sequence species, amplified nucleic acid 
species and detectable products generated from the forego 
ing). Multiplexing refers to the simultaneous detection of 
more than one nucleic acid species. General methods for 
performing multiplexed reactions in conjunction with mass 
spectrometry, are known (see, e.g., U.S. Pat. Nos. 6,043,031, 
5,547,835 and International PCT application No. WO 
97/37041). Multiplexing provides an advantage that a plural 
ity of nucleic acid species (e.g., Some having different 
sequence variations) can be identified in as few as a single 
mass spectrum, as compared to having to perform a separate 
mass spectrometry analysis for each individual target nucleic 
acid species. Methods provided herein lend themselves to 
high-throughput, highly-automated processes for analyzing 
sequence variations with high speed and accuracy, in some 
embodiments. In some embodiments, methods herein may be 
multiplexed at high levels in a single reaction. 
0327. In certain embodiments, the number of nucleic acid 
species multiplexed include, without limitation, about 1 to 
about 500 (e.g., about 1-3, 3-5, 5–7, 7-9, 9-11, 11-13, 13-15, 
15-17, 17-19, 19-21, 21-23, 23-25, 25-27, 27-29, 29-31, 
31-33, 33-35, 35-37, 37-39, 39-41, 41-43, 43-45, 45-47, 
47-49, 49-51, 51-53, 53-55, 55-57, 57-59, 59-61, 61-63, 
63-65, 65-67, 67-69, 69-71, 71-73, 73-75, 75-77, 77-79, 
79-81, 81-83, 83-85, 85-87, 87-89, 89-91, 91-93, 93-95, 
95-97, 97-101, 101-103, 103-105, 105-107, 107-109, 109 
111, 111-113, 113-115, 115-117, 117-119, 121-123, 123 
125, 125-127, 127-129, 129-131, 131-133, 133-135, 135 
137, 137-139, 139-141, 141-143, 143-145, 145-147, 147 
149, 149-151, 151-153, 153-155, 155-157, 157-159, 159 
161, 161-163, 163-165, 165-167, 167-169, 169-171, 171 
173, 173-175, 175-177, 177-179, 179-181, 181-183, 183 
185, 185-187, 187-189, 189-191, 191-193, 193-195, 195 
197, 197-199, 199-201, 201-203, 203-205, 205-207, 207 
209, 209-211, 211-213, 213-215, 215-217, 217-219, 219 
221, 221-223, 223-225, 225-227, 227-229, 229-231, 231 
233, 233-235, 235-237, 237-239, 239-241, 241-243, 243 
245, 245-247, 247-249, 249-251, 251-253, 253-255, 255 
257, 257-259, 259-261, 261-263, 263-265, 265-267, 267 
269, 269-271, 271-273, 273-275, 275-277, 277-279, 279 
281, 281-283, 283-285, 285-287, 287-289, 289-291, 291 
293, 293-295, 295-297, 297-299, 299-301, 301-303, 303 
305, 305-307, 307-309, 309-311, 311-313, 313-315, 315 
317, 317-319, 319-321, 321-323, 323-325, 325-327, 327 
329, 329-331, 331-333, 333-335, 335-337, 337-339, 339 
341, 341-343, 343-345, 345-347, 347-349, 349-351, 351 
353, 353-355, 355-357, 357-359, 359-361, 361-363, 363 
365, 365-367, 367-369, 369-371, 371-373, 373-375, 375 
377, 377-379, 379-381, 381-383, 383-385, 385-387, 387 
389, 389-391, 391-393, 393-395, 395-397, 397-401, 401 
403, 403-405, 405-407, 407-409, 409–411, 411-413, 413 
415, 415-417, 417-419, 419–421, 421-423, 423-425, 425 
427, 427-429, 429-431, 431-433, 433-435, 435-437, 437 
439, 439-441, 441-443, 443-445, 445-447, 447-449, 449 
451, 451-453, 453-455, 455-457, 457-459, 459-461, 461 
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463, 463-465, 465-467, 467-469, 469-471, 471-473, 473 
475, 475-477, 477-479, 479-481, 481-483, 483-485, 485 
487, 487-489, 489-491, 491-493, 493-495, 495-497, 497 
501). 
0328. Design methods for achieving resolved mass spec 

tra with multiplexed assays can include primer and oligo 
nucleotide design methods and reaction design methods. See, 
for example, the multiplex schemes provided in Tables X and 
Y. For primer and oligonucleotide design in multiplexed 
assays, the same general guidelines for primer design applies 
for uniplexed reactions, such as avoiding false priming and 
primer dimers, only more primers are involved for multiplex 
reactions. For mass spectrometry applications, analyte peaks 
in the mass spectra for one assay are sufficiently resolved 
from a product of any assay with which that assay is multi 
plexed, including pausing peaks and any other by-product 
peaks. Also, analyte peaks optimally fall within a user-speci 
fied mass window, for example, within a range of 5,000-8,500 
Da. In some embodiments multiplex analysis may be adapted 
to mass spectrometric detection of chromosome abnormali 
ties, for example. In certain embodiments multiplex analysis 
may be adapted to various single nucleotide or nanopore 
based sequencing methods described herein. Commercially 
produced micro-reaction chambers or devices or arrays or 
chips may be used to facilitate multiplex analysis, and are 
commercially available. 
0329. Additional Methods for Obtaining Nucleotide 
Sequence Reads 
0330. In some embodiments, nucleic acids (e.g., nucleic 
acid fragments, sample nucleic acid, cell-free nucleic acid) 
may be sequenced. In some cases, a full or Substantially full 
sequence is obtained and sometimes a partial sequence is 
obtained. Sequencing, mapping and related analytical meth 
ods are known in the art (e.g., United States Patent Applica 
tion Publication US2009/0029377, incorporated by refer 
ence). Certain aspects of Such processes are described 
hereafter. 
0331. As used herein, “reads' are short nucleotide 
sequences produced by any sequencing process described 
herein or known in the art. Reads can be generated from one 
end of nucleic acid fragments ('single-end reads'), and some 
times are generated from both ends of nucleic acids (“double 
end reads'). In certain embodiments, “obtaining nucleic 
acid sequence reads of a sample from a subject and/or 
“obtaining nucleic acid sequence reads of a biological speci 
men from one or more reference persons can involve directly 
sequencing nucleic acid to obtain the sequence information. 
In some embodiments, "obtaining can involve receiving 
sequence information obtained directly from a nucleic acid 
by another. 
0332. In some embodiments, one nucleic acid sample 
from one individual is sequenced. In certain embodiments, 
nucleic acid samples from two or more biological samples, 
where each biological sample is from one individual or two or 
more individuals, are pooled and the pool is sequenced. In the 
latter embodiments, a nucleic acid sample from each biologi 
cal sample often is identified by one or more unique identifi 
cation tags. 
0333. In some embodiments, a fraction of the genome is 
sequenced, which sometimes is expressed in the amount of 
the genome covered by the determined nucleotide sequences 
(e.g., “fold’ coverage less than 1). When a genome is 
sequenced with about 1-fold coverage, roughly 100% of the 
nucleotide sequence of the genome is represented by reads. A 
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genome also can be sequenced with redundancy, where a 
given region of the genome can be covered by two or more 
reads or overlapping reads (e.g., “fold’ coverage greater than 
1). In some embodiments, a genome is sequenced with about 
0.1-fold to about 100-fold coverage, about 0.2-fold to 20-fold 
coverage, or about 0.2-fold to about 1-fold coverage (e.g., 
about 0.2-, 0.3-, 0.4-, 0.5-, 0.6-, 0.7-, 0.8-, 0.9-, 1-, 2-, 3-, 4-, 
5-, 6-, 7-, 8-, 9-, 10-, 15- 20-, 30-, 40-, 50-, 60-70-, 80-, 
90-fold coverage). 
0334. In certain embodiments, a fraction of a nucleic acid 
pool that is sequenced in a run is further Sub-selected prior to 
sequencing. In certain embodiments, hybridization-based 
techniques (e.g., using oligonucleotide arrays) can be used to 
first Sub-select for nucleic acid sequences from certain chro 
mosomes (e.g., a potentially aneuploid chromosome and 
other chromosome(s) not involved in the aneuploidy tested). 
In some embodiments, nucleic acid can be fractionated by 
size (e.g., by gel electrophoresis, size exclusion chromatog 
raphy or by microfluidics-based approach) and in certain 
instances, fetal nucleic acid can be enriched by selecting for 
nucleic acid having a lower molecular weight (e.g., less than 
300 base pairs, less than 200 base pairs, less than 150 base 
pairs, less than 100 base pairs). In some embodiments, fetal 
nucleic acid can be enriched by Suppressing maternal back 
ground nucleic acid, such as by the addition of formaldehyde. 
In some embodiments, a portion or Subset of a pre-selected 
pool of nucleic acids is sequenced randomly. In some 
embodiments, the nucleic acid is amplified prior to sequenc 
ing. In some embodiments, a portion or subset of the nucleic 
acid is amplified prior to sequencing. 
0335. In some cases, a sequencing library is prepared prior 
to or during a sequencing process. Methods for preparing a 
sequencing library are known in the art and commercially 
available platforms may be used for certain applications. 
Certain commercially available library platforms may be 
compatible with certain nucleotide sequencing processes 
described herein. For example, one or more commercially 
available library platforms may be compatible with a 
sequencing by synthesis process. In some cases, a ligation 
based library preparation method is used (e.g., ILLUMINA 
TRUSEQ, Illumina, San Diego Calif.). Ligation-based 
library preparation methods typically use a methylated adap 
tor design which can incorporate an index sequence at the 
initial ligation step and often can be used to prepare samples 
for single-read sequencing, paired-end sequencing and mul 
tiplexed sequencing. In some cases, a transposon-based 
library preparation method is used (e.g., EPICENTRE NEX 
TERA, Epicentre, Madison Wis.). Transposon-based meth 
ods typically use in vitro transposition to simultaneously 
fragment and tag DNA in a single-tube reaction (often allow 
ing incorporation of platform-specific tags and optional bar 
codes), and prepare sequencer-ready libraries. 
0336 Any sequencing method suitable for conducting 
methods described herein can be utilized. In some embodi 
ments, a high-throughput sequencing method is used. High 
throughput sequencing methods generally involve clonally 
amplified DNA templates or single DNA molecules that are 
sequenced in a massively parallel fashion within a flow cell 
(e.g. as described in Metzker MNature Rev 11:31-46 (2010): 
Volkerding et al. Clin Chem 55:641-658 (2009)). Such 
sequencing methods also can provide digital quantitative 
information, where each sequence read is a countable 
"sequence tag' or “count” representing an individual clonal 
DNA template or a single DNA molecule. High-throughput 



US 2014/0093873 A1 

sequencing technologies include, for example, sequencing 
by-synthesis with reversible dye terminators, sequencing by 
oligonucleotide probe ligation, pyrosequencing and real time 
sequencing. 
0337 Systems utilized for high-throughput sequencing 
methods are commercially available and include, for 
example, the Roche 454 platform, the Applied Biosystems 
SOLID platform, the Helicos True Single Molecule DNA 
sequencing technology, the sequencing-by-hybridization 
platform from Affymetrix Inc., the single molecule, real-time 
(SMRT) technology of Pacific Biosciences, the sequencing 
by-synthesis platforms from 454 Life Sciences, Illumina/ 
Solexa and Helicos BioSciences, and the sequencing-by-liga 
tion platform from Applied Biosystems. The ION TORRENT 
technology from Life technologies and nanopore sequencing 
also can be used in high-throughput sequencing approaches. 
0338. In some embodiments, first generation technology, 
Such as, for example, Sanger sequencing including the auto 
mated Sanger sequencing, can be used in the methods pro 
vided herein. Additional sequencing technologies that 
include the use of developing nucleic acid imaging technolo 
gies (e.g. transmission electron microscopy (TEM) and 
atomic force microscopy (AFM)), also are contemplated 
herein. Examples of various sequencing technologies are 
described below. 
0339. A nucleic acid sequencing technology that may be 
used in the methods described herein is sequencing-by-Syn 
thesis and reversible terminator-based sequencing (e.g. Illu 
minas Genome Analyzer, Genome Analyzer II; HISEQ 
2000: HISEQ 2500 (Illumina, San Diego Calif.)). With this 
technology, millions of nucleic acid (e.g. DNA) fragments 
can be sequenced in parallel. In one example of this type of 
sequencing technology, a flow cell is used which contains an 
optically transparent slide with 8 individual lanes on the 
Surfaces of which are bound oligonucleotide anchors (e.g., 
adaptor primers). A flow cell often is a Solid Support that can 
be configured to retain and/or allow the orderly passage of 
reagent solutions over bound analytes. Flow cells frequently 
are planar in shape, optically transparent, generally in the 
millimeter or sub-millimeter scale, and often have channels 
or lanes in which the analyte/reagent interaction occurs. 
0340. In certain sequencing by synthesis procedures, for 
example, template DNA (e.g., circulating cell-free DNA 
(ccf. DNA)) sometimes is fragmented into lengths of several 
hundred base pairs in preparation for library generation. In 
Some embodiments, library preparation can be performed 
without further fragmentation or size selection of the tem 
plate DNA (e.g., ccf)NA). Sample isolation and library gen 
eration may be performed using automated methods and 
apparatus, in certain embodiments. Briefly, template DNA is 
end repaired by a fill-in reaction, exonuclease reaction or a 
combination of a fill-in reaction and exonuclease reaction. 
The resulting blunt-end repaired template DNA is extended 
by a single nucleotide, which is complementary to a single 
nucleotide overhang on the 3' end of an adapter primer, and 
often increases ligation efficiency. Any complementary 
nucleotides can be used for the extension/overhang nucle 
otides (e.g., A/T, C/G), however adenine frequently is used to 
extend the end-repaired DNA, and thymine often is used as 
the 3' end overhang nucleotide. 
0341 In certain sequencing by synthesis procedures, for 
example, adapter oligonucleotides are complementary to the 
flow-cellanchors, and sometimes are utilized to associate the 
modified template DNA (e.g., end-repaired and single nucle 
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otide extended) with a solid Support, such as the inside Surface 
of a flow cell, for example. In some embodiments, the adapter 
also includes identifiers (i.e., indexing nucleotides, or "bar 
code nucleotides (e.g., a unique sequence of nucleotides 
usable as an identifier to allow unambiguous identification of 
a sample and/or chromosome)), one or more sequencing 
primer hybridization sites (e.g., sequences complementary to 
universal sequencing primers, single end sequencing primers, 
paired end sequencing primers, multiplexed sequencing 
primers, and the like), or combinations thereof (e.g., adapter/ 
sequencing, adapter/identifier, adapter/identifier/sequenc 
ing). Identifiers or nucleotides contained in an adapter often 
are six or more nucleotides in length, and frequently are 
positioned in the adaptor such that the identifier nucleotides 
are the first nucleotides sequenced during the sequencing 
reaction. In certain embodiments, identifier nucleotides are 
associated with a sample but are sequenced in a separate 
sequencing reaction to avoid compromising the quality of 
sequence reads. Subsequently, the reads from the identifier 
sequencing and the DNA template sequencing are linked 
together and the reads de-multiplexed. After linking and de 
multiplexing the sequence reads and/or identifiers can be 
further adjusted or processed as described herein. 
0342. In certain sequencing by synthesis procedures, ulti 
lization of identifiers allows multiplexing of sequence reac 
tions in a flow cell lane, thereby allowing analysis of multiple 
samples perflow cell lane. The number of samples that can be 
analyzed in a given flow cell lane often is dependent on the 
number of unique identifiers utilized during library prepara 
tion and/or probe design. Non limiting examples of commer 
cially available multiplex sequencing kits include Illumina’s 
multiplexing sample preparation oligonucleotide kit and mul 
tiplexing sequencing primers and PhiX control kit (e.g., Illu 
mina’s catalog numbers PE-400-1001 and PE-400-1002, 
respectively). The methods described herein can be per 
formed using any number of unique identifiers (e.g., 4, 8, 12. 
24, 48, 96, or more). The greater the number of unique iden 
tifiers, the greater the number of samples and/or chromo 
Somes, for example, that can be multiplexed in a single flow 
cell lane. Multiplexing using 12 identifiers, for example, 
allows simultaneous analysis of 96 samples (e.g., equal to the 
number of wells in a 96 well microwell plate) in an 8 lane flow 
cell. Similarly, multiplexing using 48 identifiers, for example, 
allows simultaneous analysis of 384 samples (e.g., equal to 
the number of wells in a 384 well microwell plate) in an 8 lane 
flow cell. 

0343. In certain sequencing by synthesis procedures, 
adapter-modified, single-stranded template DNA is added to 
the flow cell and immobilized by hybridization to the anchors 
under limiting-dilution conditions. In contrast to emulsion 
PCR DNA templates are amplified in the flow cell by 
“bridge' amplification, which relies on captured DNA 
Strands “arching over and hybridizing to an adjacent anchor 
oligonucleotide. Multiple amplification cycles convert the 
single-molecule DNA template to a clonally amplified arch 
ing “cluster, with each cluster containing approximately 
1000 clonal molecules. Approximately 50x10 separate clus 
ters can be generated per flow cell. For sequencing, the clus 
ters are denatured, and a Subsequent chemical cleavage reac 
tion and wash leave only forward Strands for single-end 
sequencing. Sequencing of the forward strands is initiated by 
hybridizing a primer complementary to the adapter 
sequences, which is followed by addition of polymerase and 
a mixture of four differently colored fluorescent reversible 
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dye terminators. The terminators are incorporated according 
to sequence complementarity in each Strand in a clonal clus 
ter. After incorporation, excess reagents are washed away, the 
clusters are optically interrogated, and the fluorescence is 
recorded. With successive chemical steps, the reversible dye 
terminators are unblocked, the fluorescent labels are cleaved 
and washed away, and the next sequencing cycle is per 
formed. This iterative, sequencing-by-synthesis process 
Sometimes requires approximately 2.5 days to generate read 
lengths of 36 bases. With 50x10 clusters per flow cell, the 
overall sequence output can be greater than 1 billion base 
pairs (Gb) per analytical run. 
0344 Another nucleic acid sequencing technology that 
may be used with the methods described herein is 454 
sequencing (Roche). 454 sequencing uses a large-scale par 
allel pyrosequencing system capable of sequencing about 
400-600 megabases of DNA per run. The process typically 
involves two steps. In the first step, sample nucleic acid (e.g. 
DNA) is sometimes fractionated into smaller fragments (300 
800 base pairs) and polished (made blunt at each end). Short 
adaptors are then ligated onto the ends of the fragments. 
These adaptors provide priming sequences for both amplifi 
cation and sequencing of the sample-library fragments. One 
adaptor (Adaptor B) contains a 5'-biotin tag for immobiliza 
tion of the DNA library onto streptavidin-coated beads. After 
nick repair, the non-biotinylated Strand is released and used as 
a single-stranded template DNA (sstDNA) library. The 
sstDNA library is assessed for its quality and the optimal 
amount (DNA copies per bead) needed for emPCR is deter 
mined by titration. The sstDNA library is immobilized onto 
beads. The beads containing a library fragment carry a single 
sstDNA molecule. The bead-bound library is emulsified with 
the amplification reagents in a water-in-oil mixture. Each 
bead is captured within its own microreactor where PCR 
amplification occurs. This results in bead-immobilized, 
clonally amplified DNA fragments. 
0345. In the second step of 454 sequencing, single 
stranded template DNA library beads are added to an incu 
bation mix containing DNA polymerase and are layered with 
beads containing Sulfurylase and luciferase onto a device 
containing pico-liter sized wells. Pyrosequencing is per 
formed on each DNA fragment in parallel. Addition of one or 
more nucleotides generates a light signal that is recorded by a 
CCD camera in a sequencing instrument. The signal strength 
is proportional to the number of nucleotides incorporated. 
Pyrosequencing exploits the release of pyrophosphate (PPi) 
upon nucleotide addition. PPi is converted to ATP by ATP 
sulfurylase in the presence of adenosine 5' phosphosulfate. 
Luciferase uses ATP to convert luciferin to oxyluciferin, and 
this reaction generates light that is discerned and analyzed 
(see, for example, Margulies, M. et al. Nature 437:376-380 
(2005)). 
0346. Another nucleic acid sequencing technology that 
may be used in the methods provided herein is Applied Bio 
systems’ SOLiDTM technology. In SOLiDTM sequencing-by 
ligation, a library of nucleic acid fragments is prepared from 
the sample and is used to prepare clonal bead populations. 
With this method, one species of nucleic acid fragment will be 
present on the Surface of each bead (e.g. magnetic bead). 
Sample nucleic acid (e.g. genomic DNA) is sheared into 
fragments, and adaptors are Subsequently attached to the 5' 
and 3' ends of the fragments to generate a fragment library. 
0347 The adapters are typically universal adapter 
sequences so that the starting sequence of every fragment is 

Apr. 3, 2014 

both known and identical. Emulsion PCR takes place in 
microreactors containing all the necessary reagents for PCR. 
The resulting PCR products attached to the beads are then 
covalently bound to a glass slide. Primers then hybridize to 
the adapter sequence within the library template. A set of four 
fluorescently labeled di-base probes compete for ligation to 
the sequencing primer. Specificity of the di-base probe is 
achieved by interrogating every 1st and 2nd base in each 
ligation reaction. Multiple cycles of ligation, detection and 
cleavage are performed with the number of cycles determin 
ing the eventual read length. Following a series of ligation 
cycles, the extension product is removed and the template is 
reset with a primer complementary to the n-1 position for a 
second round of ligation cycles. Often, five rounds of primer 
reset are completed for each sequence tag. Through the 
primer reset process, each base is interrogated in two inde 
pendent ligation reactions by two different primers. For 
example, the base at read position 5 is assayed by primer 
number 2 in ligation cycle 2 and by primer number 3 in 
ligation cycle 1. 
0348 Another nucleic acid sequencing technology that 
may be used in the methods described herein is the Helicos 
True Single Molecule Sequencing (tSMS). In the tSMS tech 
nique, a polyA sequence is added to the 3' end of each nucleic 
acid (e.g. DNA) strand from the sample. Each strand is 
labeled by the addition of a fluorescently labeled adenosine 
nucleotide. The DNA strands are then hybridized to a flow 
cell, which contains millions of oligo-T capture sites that are 
immobilized to the flow cell surface. The templates can be at 
a density of about 100 million templates/cm. The flow cellis 
then loaded into a sequencing apparatus and a laser illumi 
nates the surface of the flow cell, revealing the position of 
each template. A CCD camera can map the position of the 
templates on the flow cell surface. The template fluorescent 
label is then cleaved and washed away. The sequencing reac 
tion begins by introducing a DNA polymerase and a fluores 
cently labeled nucleotide. The oligo-T nucleic acid serves as 
a primer. The polymerase incorporates the labeled nucle 
otides to the primer in a template directed manner. The poly 
merase and unincorporated nucleotides are removed. The 
templates that have directed incorporation of the fluores 
cently labeled nucleotide are detected by imaging the flow 
cell Surface. After imaging, a cleavage step removes the fluo 
rescent label, and the process is repeated with other fluores 
cently labeled nucleotides until the desired read length is 
achieved. Sequence information is collected with each nucle 
otide addition step (see, for example, Harris T. D. et al., 
Science 320:106-109 (2008)). 
0349 Another nucleic acid sequencing technology that 
may be used in the methods provided herein is the single 
molecule, real-time (SMRTTM) sequencing technology of 
Pacific Biosciences. With this method, each of the four DNA 
bases is attached to one of four different fluorescent dyes. 
These dyes are phospholinked. A single DNA polymerase is 
immobilized with a single molecule of template single 
stranded DNA at the bottom of a Zero-mode waveguide 
(ZMW). A ZMW is a confinement structure which enables 
observation of incorporation of a single nucleotide by DNA 
polymerase against the background of fluorescent nucle 
otides that rapidly diffuse in an out of the ZMW (in micro 
seconds). It takes several milliseconds to incorporate a nucle 
otide into a growing strand. During this time, the fluorescent 
label is excited and produces a fluorescent signal, and the 
fluorescent tag is cleaved off. Detection of the corresponding 
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fluorescence of the dye indicates which base was incorpo 
rated. The process is then repeated. 
0350 Another nucleic acid sequencing technology that 
may be used in the methods described herein is ION TOR 
RENT (Life Technologies) single molecule sequencing 
which pairs semiconductor technology with a simple 
sequencing chemistry to directly translate chemically 
encoded information (A, C, G, T) into digital information (0, 
1) on a semiconductor chip. ION TORRENT uses a high 
density array of micro-machined wells to perform nucleic 
acid sequencing in a massively parallel way. Each well holds 
a different DNA molecule. Beneath the wells is an ion-sensi 
tive layer and beneath that an ion sensor. Typically, when a 
nucleotide is incorporated into a strand of DNA by a poly 
merase, a hydrogen ion is released as a byproduct. If a nucle 
otide, for example a C, is added to a DNA template and is then 
incorporated into a strand of DNA, a hydrogen ion will be 
released. The charge from that ion will change the pH of the 
Solution, which can be detected by anion sensor. A sequencer 
can call the base, going directly from chemical information to 
digital information. The sequencer then sequentially floods 
the chip with one nucleotide after another. If the next nucle 
otide that floods the chip is not a match, no voltage change 
will be recorded and no base will be called. If there are two 
identical bases on the DNA strand, the voltage will be double, 
and the chip will record two identical bases called. Because 
this is direct detection (i.e. detection without Scanning, cam 
eras or light), each nucleotide incorporation is recorded in 
seconds. 

0351. Another nucleic acid sequencing technology that 
may be used in the methods described herein is the chemical 
sensitive field effect transistor (CHEMFET) array. In one 
example of this sequencing technique, DNA molecules are 
placed into reaction chambers, and the template molecules 
can be hybridized to a sequencing primer bound to a poly 
merase. Incorporation of one or more triphosphates into a 
new nucleic acid strand at the 3' end of the sequencing primer 
can be detected by a change in current by a CHEMFET 
sensor. An array can have multiple CHEMFET sensors. In 
another example, single nucleic acids are attached to beads, 
and the nucleic acids can be amplified on the bead, and the 
individual beads can be transferred to individual reaction 
chambers on a CHEMFET array, with each chamber having a 
CHEMFET sensor, and the nucleic acids can be sequenced 
(see, for example, U.S. Patent Application Publication No. 
2009/0026082). 
0352 Another nucleic acid sequencing technology that 
may be used in the methods described herein is electron 
microscopy. In one example of this sequencing technique, 
individual nucleic acid (e.g. DNA) molecules are labeled 
using metallic labels that are distinguishable using an elec 
tron microscope. These molecules are then stretched on a flat 
Surface and imaged using an electron microscope to measure 
sequences (see, for example, Moudrianakis E. N. and Beer M. 
Proc Natl AcadSci USA. 1965 March; 53:564-71). In some 
cases, transmission electron microscopy (TEM) is used (e.g. 
Halcyon Molecular's TEM method). This method, termed 
Individual Molecule Placement Rapid Nano Transfer (IM 
PRNT), includes utilizing single atom resolution transmis 
sion electron microscope imaging of high-molecular weight 
(e.g. about 150 kb or greater) DNA selectively labeled with 
heavy atom markers and arranging these molecules on ultra 
thin films in ultra-dense (3 nm strand-to-strand) parallel 
arrays with consistent base-to-base spacing. The electron 
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microscope is used to image the molecules on the films to 
determine the position of the heavy atom markers and to 
extract base sequence information from the DNA (see, for 
example, International Patent Application No. WO 2009/ 
046445). 
0353 Other sequencing methods that may be used to con 
duct methods herein include digital PCR and sequencing by 
hybridization. Digital polymerase chain reaction (digital 
PCR or dPCR) can be used to directly identify and quantify 
nucleic acids in a sample. Digital PCR can be performed in an 
emulsion, in some embodiments. For example, individual 
nucleic acids are separated, e.g., in a microfluidic chamber 
device, and each nucleic acid is individually amplified by 
PCR. Nucleic acids can be separated such that there is no 
more than one nucleic acid per well. In some embodiments, 
different probes can be used to distinguish various alleles 
(e.g. fetal alleles and maternal alleles). Alleles can be enu 
merated to determine copy number. In sequencing by hybrid 
ization, the method involves contacting a plurality of poly 
nucleotide sequences with a plurality of polynucleotide 
probes, where each of the plurality of polynucleotide probes 
can be optionally tethered to a substrate. The substrate can be 
a flat surface with an array of known nucleotide sequences, in 
some embodiments. The pattern of hybridization to the array 
can be used to determine the polynucleotide sequences 
present in the sample. In some embodiments, each probe is 
tethered to a bead, e.g., a magnetic bead or the like. Hybrid 
ization to the beads can be identified and used to identify the 
plurality of polynucleotide sequences within the sample. 
0354. In some embodiments, nanopore sequencing can be 
used in the methods described herein. Nanopore sequencing 
is a single-molecule sequencing technology whereby a single 
nucleic acid molecule (e.g. DNA) is sequenced directly as it 
passes through a nanopore. A nanopore is a Small hole or 
channel, of the order of 1 nanometer in diameter. Certain 
transmembrane cellular proteins can act as nanopores (e.g. 
alpha-hemolysin). In some cases, nanopores can be synthe 
sized (e.g. using a silicon platform). Immersion of a nanopore 
in a conducting fluid and application of a potential across it 
results in a slight electrical current due to conduction of ions 
through the nanopore. The amount of current which flows is 
sensitive to the size of the nanopore. As a DNA molecule 
passes through a nanopore, each nucleotide on the DNA 
molecule obstructs the nanopore to a different degree and 
generates characteristic changes to the current. The amount of 
current which can pass through the nanopore at any given 
moment therefore varies depending on whether the nanopore 
is blocked by an A, a C, a G, a T, or in some cases, methyl-C. 
The change in the current through the nanopore as the DNA 
molecule passes through the nanopore represents a direct 
reading of the DNA sequence. In some cases a nanopore can 
be used to identify individual DNA bases as they pass through 
the nanopore in the correct order (see, for example, Soni GV 
and Meller A. Clin Chem 53: 1996-2001 (2007): International 
Patent Application No. WO2010/004265). 
0355 There are a number of ways that nanopores can be 
used to sequence nucleic acid molecules. In some embodi 
ments, an exonuclease enzyme. Such as a deoxyribonuclease, 
is used. In this case, the exonuclease enzyme is used to 
sequentially detach nucleotides from a nucleic acid (e.g. 
DNA) molecule. The nucleotides are then detected and dis 
criminated by the nanopore in order of their release, thus 
reading the sequence of the original strand. For Such an 
embodiment, the exonuclease enzyme can be attached to the 
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nanopore Such that a proportion of the nucleotides released 
from the DNA molecule is capable of entering and interacting 
with the channel of the nanopore. The exonuclease can be 
attached to the nanopore structure at a site in close proximity 
to the part of the nanopore that forms the opening of the 
channel. In some cases, the exonuclease enzyme can be 
attached to the nanopore structure Such that its nucleotide exit 
trajectory site is orientated towards the part of the nanopore 
that forms part of the opening. 
0356. In some embodiments, nanopore sequencing of 
nucleic acids involves the use of an enzyme that pushes or 
pulls the nucleic acid (e.g. DNA) molecule through the pore. 
In this case, the ionic current fluctuates as a nucleotide in the 
DNA molecule passes through the pore. The fluctuations in 
the current are indicative of the DNA sequence. For such an 
embodiment, the enzyme can be attached to the nanopore 
structure such that it is capable of pushing or pulling the target 
nucleic acid through the channel of a nanopore without inter 
fering with the flow of ionic current through the pore. The 
enzyme can be attached to the nanopore structure at a site in 
close proximity to the part of the structure that forms part of 
the opening. The enzyme can be attached to the Subunit, for 
example, such that its active site is orientated towards the part 
of the structure that forms part of the opening. 
0357. In some embodiments, nanopore sequencing of 
nucleic acids involves detection of polymerase bi-products in 
close proximity to a nanopore detector. In this case, nucleo 
side phosphates (nucleotides) are labeled so that a phosphate 
labeled species is released upon the addition of a polymerase 
to the nucleotide strand and the phosphate labeled species is 
detected by the pore. Typically, the phosphate species con 
tains a specific label for each nucleotide. As nucleotides are 
sequentially added to the nucleic acid strand, the bi-products 
of the base addition are detected. The order that the phosphate 
labeled species are detected can be used to determine the 
sequence of the nucleic acid strand. 
0358. The length of the sequence read is often associated 
with the particular sequencing technology. High-throughput 
methods, for example, provide sequence reads that can vary 
in size from tens to hundreds of base pairs (bp). Nanopore 
sequencing, for example, can provide sequence reads that can 
vary in size from tens to hundreds to thousands of base pairs. 
In some embodiments, the sequence reads are of a mean, 
median or average length of about 15bp to 900 bp long (e.g. 
about 20 bp, about 25 bp, about 30 bp, about 35 bp, about 40 
bp, about 45bp, about 50 bp, about 55 bp, about 60 bp, about 
65 bp, about 70 bp, about 75 bp, about 80 bp, about 85 bp, 
about 90 bp, about 95 bp, about 100 bp, about 110 bp, about 
120 bp, about 130, about 140 bp, about 150 bp, about 200 bp, 
about 250 bp, about 300 bp, about 350 bp, about 400 bp, about 
450 bp, or about 500 bp. In some embodiments, the sequence 
reads are of a mean, median or average length of about 1000 
bp or more. 
0359. In some embodiments, nucleic acids may include a 
fluorescent signal or sequence tag information. Quantifica 
tion of the signal or tag may be used in a variety oftechniques 
Such as, for example, flow cytometry, quantitative poly 
merase chain reaction (qPCR), gel electrophoresis, gene-chip 
analysis, microarray, mass spectrometry, cytofluorimetric 
analysis, fluorescence microscopy, confocal laser scanning 
microscopy, laser Scanning cytometry, affinity chromatogra 
phy, manual batch mode separation, electric field Suspension, 
sequencing, and combination thereof. 
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0360 Adaptors 
0361. In some embodiments, nucleic acids (e.g., PCR 
primers, PCR amplicons, sample nucleic acid) may include 
an adaptor sequence and/or complement thereof. Adaptor 
sequences often are useful for certain sequencing methods 
Such as, for example, a sequencing-by-synthesis process 
described herein. Adaptors sometimes are referred to as 
sequencing adaptors or adaptor oligonucleotides. Adaptor 
sequences typically include one or more sites useful for 
attachment to a solid Support (e.g., flow cell). Adaptors also 
may include sequencing primer hybridization sites (i.e. 
sequences complementary to primers used in a sequencing 
reaction) and identifiers (e.g., indices) as described below. 
Adaptor sequences can be located at the 5' and/or 3' end of a 
nucleic acid and sometimes can be located within a larger 
nucleic acid sequence. Adaptors can be any length and any 
sequence, and may be selected based on standard methods in 
the art for adaptor design. 
0362. One or more adaptor oligonucleotides may be incor 
porated into a nucleic acid (e.g., PCR amplicon) by any 
method suitable for incorporating adaptor sequences into a 
nucleic acid. For example, PCR primers used for generating 
PCR amplicons (i.e., amplification products) may comprise 
adaptor sequences or complements thereof. Thus, PCR 
amplicons that comprise one or more adaptor sequences can 
be generated during an amplification process. In some cases, 
one or more adaptor sequences can be ligated to a nucleic acid 
(e.g., PCR amplicon) by any ligation method suitable for 
attaching adaptor sequences to a nucleic acid. Ligation pro 
cesses may include, for example, blunt-end ligations, liga 
tions that exploit 3' adenine (A) overhangs generated by Taq 
polymerase during an amplification process and ligate adap 
tors having 3' thymine (T) overhangs, and other “sticky-end 
ligations. Ligation processes can be optimized such that adap 
tor sequences hybridize to each end of a nucleic acid and not 
to each other. 
0363. In some cases, adaptor ligation is bidirectional, 
which means that adaptor sequences are attached to a nucleic 
acid such that both ends of the nucleic acid are sequenced in 
a Subsequent sequencing process. In some cases, adaptor 
ligation is unidirectional, which means that adaptor 
sequences are attached to a nucleic acid such that one end of 
the nucleic acid is sequenced in a Subsequent sequencing 
process. Examples of unidirectional and bidirectional liga 
tion schemes are discussed in Example 4 and shown in FIGS. 
21 and 22. 
0364 Identifiers 
0365. In some embodiments, nucleic acids (e.g., PCR 
primers, PCR amplicons, sample nucleic acid, sequencing 
adaptors) may include an identifier. In some cases, an identi 
fier is located within or adjacent to an adaptor sequence. An 
identifier can be any feature that can identify a particular 
origin or aspect of a genomic target sequence. For example, 
an identifier (e.g., a sample identifier) can identify the sample 
from which a particular genomic target sequence originated. 
In another example, an identifier (e.g., a sample aliquot iden 
tifier) can identify the sample aliquot from which a particular 
genomic target sequence originated. In another example, an 
identifier (e.g., chromosome identifier) can identify the chro 
mosome from which a particular genomic target sequence 
originated. An identifier may be referred to herein as a tag, 
index, barcode, identification tag, indeX primer, and the like. 
An identifier may be a unique sequence of nucleotides (e.g., 
sequence-based identifiers), a detectable label such as the 
labels described below (e.g., identifier labels), and/or a par 



US 2014/0093873 A1 

ticular length of polynucleotide (e.g., length-based identifi 
ers; size-based identifiers) such as a stuffer sequence. Identi 
fiers for a collection of samples or plurality of chromosomes, 
for example, may each comprise a unique sequence of nucle 
otides. Identifiers (e.g., sequence-based identifiers, length 
based identifiers) may be of any length suitable to distinguish 
certain target genomic sequences from other target genomic 
sequences. In some embodiments, identifiers may be from 
about one to about 100 nucleotides in length. For example, 
identifiers independently may be about 1, 2, 3, 4, 5, 6, 7, 8, 9. 
10, 20, 30, 40, 50, 60, 70, 80,90 or 100 nucleotides in length. 
In some embodiments, an identifier contains a sequence of six 
nucleotides. In some cases, an identifier is part of an adaptor 
sequence for a sequencing process, such as, for example, a 
sequencing-by-synthesis process described in further detail 
herein. In some cases, an identifier may be a repeated 
sequence of a single nucleotide (e.g., poly-A, poly-T, poly-G, 
poly-C). Such identifiers may be detected and distinguished 
from each other, for example, using nanopore technology, as 
described herein. 
0366. In some embodiments, the analysis includes analyz 
ing (e.g., detecting, counting, processing counts for, and the 
like) the identifier. In some embodiments, the detection pro 
cess includes detecting the identifier and sometimes not 
detecting other features (e.g., sequences) of a nucleic acid. In 
Some embodiments, the counting process includes counting 
each identifier. In some embodiments, the identifier is the 
only feature of a nucleic acid that is detected, analyzed and/or 
counted. 

Detection of Fetal Aneuploidy 
0367 For the detection of fetal aneuploidies, some meth 
ods rely on measuring the ratio between maternally and pater 
nally inherited alleles. However, the ability to quantify chro 
mosomal changes is impaired by the maternal contribution of 
cell free nucleic acids, which makes it necessary to deplete 
the sample from maternal DNA prior to measurement. Prom 
ising approaches take advantage of the different size distri 
bution of fetal and maternal DNA or measure RNA that is 
exclusively expressed by the fetus (see for example, U.S. 
patent application Ser. No. 1 1/384,128, which published as 
US20060252071 and is hereby incorporated by reference). 
Assuming fetal DNA makes up only about 5% of all cell free 
DNA in the maternal plasma, there is a decrease of the ratio 
difference from 1.6% to only about 1.2% between a trisomy 
sample and a healthy control. Consequently, reliable detec 
tion of allele ratio changes requires enriching the fetal frac 
tion of cell free DNA, for example, using the compositions 
and methods of the present technology. 
0368. Some methods rely on measuring the ratio of mater 
nal to paternally inherited alleles to detect fetal chromosomal 
aneuploidies from maternal plasma. A diploid set yields a 1:1 
ratio while trisomies can be detected as a 2:1 ratio. Detection 
of this difference is impaired by statistical sampling due to the 
low abundance of fetal DNA, presence of excess maternal 
DNA in the plasma sample and variability of the measure 
ment technique. The latter is addressed by using methods 
with high measurement precision, like digital PCR or mass 
spectrometry. Enriching the fetal fraction of cell free DNA in 
a sample is currently achieved by either depleting maternal 
DNA through size exclusion or focusing on fetal-specific 
nucleic acids, like fetal-expressed RNA. Another differenti 
ating feature of fetal DNA is its DNA methylation pattern. 
Thus, provided herein are novel compositions and methods 
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for accurately quantifying fetal nucleic acid based on differ 
ential methylation between a fetus and mother. The methods 
rely on sensitive absolute copy number analysis to quantify 
the fetal nucleic acid portion of a maternal sample, thereby 
allowing for the prenatal detection offetal traits. The methods 
of the technology herein have identified approximately 3000 
CpG rich regions in the genome that are differentially methy 
lated between maternal and fetal DNA. The selected regions 
showed highly conserved differential methylation across all 
measured samples. In addition the set of regions is enriched 
for genes important in developmental regulation, indicating 
that epigenetic regulation of these areas is a biologically 
relevant and consistent process (see Table 3). Enrichment of 
fetal DNA can now be achieved by using the MBD-FC pro 
tein to capture all cell free DNA and then elute the highly 
methylated DNA fraction with high salt concentrations. 
Using the low salt eluate fractions, the MBD-FC is equally 
capable of enriching non-methylated fetal DNA. 
0369. The present technology provides 63 confirmed 
genomic regions on chromosomes 13, 18 and 21 with low 
maternal and high fetal methylation levels. After capturing 
these regions, SNPs can be used to determine the aforemen 
tioned allele ratios. When high frequency SNPs are used 
around 10 markers have to be measured to achieve a high 
confidence of finding at least one SNP where the parents have 
opposite homozygote genotypes and the child has a heterozy 
gote genotype. 
0370. In an embodiment, a method for chromosomal 
abnormality detection is provided that utilizes absolute copy 
number quantification. A diploid chromosome set will show 
the same number of copies for differentially methylated 
regions across all chromosomes, but, for example, a trisomy 
21 sample would show 1.5 times more copies for differen 
tially methylated regions on chromosome 21. Normalization 
of the genomic DNA amounts for a diploid chromosome set 
can be achieved by using unaltered autosomes as reference 
(also provided herein—see Table 1B). Comparable to other 
approaches, a single marker is less likely to be sufficient for 
detection of this difference, because the overall copy numbers 
are low. Typically there are approximately 100 to 200 copies 
offetal DNA from 1 ml of maternal plasma at 10 to 12 weeks 
of gestation. However, the methods of the present technology 
offer a redundancy of detectable markers that enables highly 
reliable discrimination of diploid versus aneuploid chromo 
SOme SetS. 

Data Processing and Identifying Presence or Absence of a 
Chromosome Abnormality 

0371. The term “detection of a chromosome abnormality 
as used herein refers to identification of an imbalance of 
chromosomes by processing data arising from detecting sets 
of amplified nucleic acid species, nucleotide sequence spe 
cies, or a detectable product generated from the foregoing 
(collectively “detectable product”). Any suitable detection 
device and method can be used to distinguish one or more sets 
of detectable products, as addressed herein. An outcome per 
taining to the presence or absence of a chromosome abnor 
mality can be expressed in any Suitable form, including, with 
out limitation, probability (e.g., odds ratio, p-value), 
likelihood, percentage, value over a threshold, or risk factor, 
associated with the presence of a chromosome abnormality 
for a subject or sample. An outcome may be provided with 
one or more of sensitivity, specificity, standard deviation, 
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coefficient of variation (CV) and/or confidence level, or com 
binations of the foregoing, in certain embodiments. 
0372 Detection of a chromosome abnormality based on 
one or more sets of detectable products may be identified 
based on one or more calculated variables, including, but not 
limited to, sensitivity, specificity, Standard deviation, coeffi 
cient of variation (CV), a threshold, confidence level, score, 
probability and/or a combination thereof. In some embodi 
ments, (i) the number of sets selected for a diagnostic method, 
and/or (ii) the particular nucleotide sequence species of each 
set selected for a diagnostic method, is determined in part or 
in full according to one or more of Such calculated variables. 
0373) In certain embodiments, one or more of sensitivity, 
specificity and/or confidence level are expressed as a percent 
age. In some embodiments, the percentage, independently for 
each variable, is greater than about 90% (e.g., about 90,91, 
92,93, 94, 95, 96, 97.98 or 99%, or greater than 99% (e.g., 
about 99.5%, or greater, about 99.9% or greater, about 
99.95% or greater, about 99.99% or greater)). Coefficient of 
variation (CV) in Some embodiments is expressed as a per 
centage, and sometimes the percentage is about 10% or less 
(e.g., about 10,9,8,7,6, 5, 4, 3, 2 or 1%, or less than 1% (e.g., 
about 0.5% or less, about 0.1% or less, about 0.05% or less, 
about 0.01% or less)). A probability (e.g., that a particular 
outcome determined by an algorithm is not due to chance) in 
certain embodiments is expressed as a p-value, and some 
times the p-value is about 0.05 or less (e.g., about 0.05, 0.04. 
0.03, 0.02 or 0.01, or less than 0.01 (e.g., about 0.001 or less, 
about 0.0001 or less, about 0.00001 or less, about 0.000001 or 
less)). 
0374 For example, scoring or a score may refer to calcu 
lating the probability that aparticular chromosome abnormal 
ity is actually present or absent in a Subject/sample. The value 
of a score may be used to determine for example the variation, 
difference, or ratio of amplified nucleic detectable product 
that may correspond to the actual chromosome abnormality. 
For example, calculating a positive score from detectable 
products can lead to an identification of a chromosome abnor 
mality, which is particularly relevant to analysis of single 
samples. 
0375. In certain embodiments, simulated (or simulation) 
data can aid data processing for example by training an algo 
rithm or testing analgorithm. Simulated data may for instance 
involve hypothetical various samples of different concentra 
tions of fetal and maternal nucleic acid in serum, plasma and 
the like. Simulated data may be based on what might be 
expected from a real population or may be skewed to test an 
algorithm and/or to assign a correct classification based on a 
simulated data set. Simulated data also is referred to hereinas 
“virtual data. Fetal/maternal contributions within a sample 
can be simulated as a table or array of numbers (for example, 
as a list of peaks corresponding to the mass signals of cleav 
age products of a reference biomolecule or amplified nucleic 
acid sequence), as a mass spectrum, as a pattern of bands on 
a gel, or as a representation of any technique that measures 
mass distribution. Simulations can be performed in most 
instances by a computer program. One possible step in using 
a simulated data set is to evaluate the confidence of the iden 
tified results, i.e. how well the selected positives/negatives 
match the sample and whether there are additional variations. 
A common approach is to calculate the probability value 
(p-value) which estimates the probability of a random sample 
having better score than the selected one. As p-value calcu 
lations can be prohibitive in certain circumstances, an empiri 
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cal model may be assessed, in which it is assumed that at least 
one sample matches a reference sample (with or without 
resolved variations). Alternatively other distributions such as 
Poisson distribution can be used to describe the probability 
distribution. 

0376. In certain embodiments, an algorithm can assign a 
confidence value to the true positives, true negatives, false 
positives and false negatives calculated. The assignment of a 
likelihood of the occurrence of a chromosome abnormality 
can also be based on a certain probability model. 
0377 Simulated data often is generated in an in silico 
process. As used herein, the term “in silico” refers to research 
and experiments performed using a computer. In silico meth 
ods include, but are not limited to, molecular modeling stud 
ies, karyotyping, genetic calculations, biomolecular docking 
experiments, and virtual representations of molecular struc 
tures and/or processes, such as molecular interactions. 
0378. As used herein, a “data processing routine' refers to 
a process, that can be embodied in Software, that determines 
the biological significance of acquired data (i.e., the ultimate 
results of an assay). For example, a data processing routine 
can determine the amount of each nucleotide sequence spe 
cies based upon the data collected. A data processing routine 
also may control an instrument and/or a data collection rou 
tine based upon results determined. A data processing routine 
and a data collection routine often are integrated and provide 
feedback to operate data acquisition by the instrument, and 
hence provide assay-based judging methods provided herein. 
0379. As used herein, software refers to computer read 
able program instructions that, when executed by a computer, 
perform computer operations. Typically, software is provided 
on a program product containing program instructions 
recorded on a computer readable medium, including, but not 
limited to, magnetic media including floppy disks, hard disks, 
and magnetic tape; and optical media including CD-ROM 
discs, DVD discs, magneto-optical discs, and other Such 
media on which the program instructions can be recorded. 
0380 Different methods of predicting abnormality or nor 
mality can produce different types of results. For any given 
prediction, there are four possible types of outcomes: true 
positive, true negative, false positive, or false negative. The 
term “true positive” as used herein refers to a subject correctly 
diagnosed as having a chromosome abnormality. The term 
“false positive' as used herein refers to a subject wrongly 
identified as having a chromosome abnormality. The term 
“true negative' as used herein refers to a subject correctly 
identified as not having a chromosome abnormality. The term 
“false negative' as used herein refers to a subject wrongly 
identified as not having a chromosome abnormality. Two 
measures of performance for any given method can be calcu 
lated based on the ratios of these occurrences: (i) a sensitivity 
value, the fraction of predicted positives that are correctly 
identified as being positives (e.g., the fraction of nucleotide 
sequence sets correctly identified by level comparison detec 
tion/determination as indicative of chromosome abnormality, 
relative to all nucleotide sequence sets identified as such, 
correctly or incorrectly), thereby reflecting the accuracy of 
the results in detecting the chromosome abnormality; and (ii) 
a specificity value, the fraction of predicted negatives cor 
rectly identified as being negative (the fraction of nucleotide 
sequence sets correctly identified by level comparison detec 
tion/determination as indicative of chromosomal normality, 
relative to all nucleotide sequence sets identified as such, 
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correctly or incorrectly), thereby reflecting accuracy of the 
results in detecting the chromosome abnormality. 

EXAMPLES 

0381. The following examples are provided by way of 
illustration only and not by way of limitation. Thus, the 
examples set forth below illustrate certain embodiments and 
do not limit the technology. Those of skill in the art will 
readily recognize a variety of non-critical parameters that 
could be changed or modified to yield essentially the same or 
similar results. 

0382. In Example 1 below, the Applicants used a new 
fusion protein that captures methylated DNA in combination 
with CpG Island array to identify genomic regions that are 
differentially methylated between fetal placenta tissue and 
maternal blood. A stringent statistical approach was used to 
only select regions which show little variation between the 
samples, and hence Suggest an underlying biological mecha 
nism. Eighty-five differentially methylated genomic regions 
predominantly located on chromosomes 13, 18 and 21 were 
validated. For this validation, a quantitative mass spectrom 
etry based approach was used that interrogated 261 PCR 
amplicons covering these 85 regions. The results are in very 
good concordance (95% confirmation), proving the feasibil 
ity of the approach. 
0383) Next, the Applicants provide an innovative 
approach for aneuploidy testing, which relies on the measure 
ment of absolute copy numbers rather than allele ratios. 

Example 1 

0384. In the below Example, ten paired maternal and pla 
cental DNA samples were used to identify differentially 
methylated regions. These results were validated using a mass 
spectrometry-based quantitative methylation assay. First, 
genomic DNA from maternal buffy coat and corresponding 
placental tissue was first extracted. Next the MBD-FC was 
used to capture the methylated fraction of each DNA sample. 
See FIGS 1-3. The two tissue fractions were labeled with 
different fluorescent dyes and hybridized to an Agilent(R) CpG 
Island microarray. See FIG. 4. This was done to identify 
differentially methylated regions that could be utilized for 
prenatal diagnoses. Therefore, two criteria were employed to 
select genomic regions as potential enrichment markers: the 
observed methylation difference had to be present in all tested 
sample pairs, and the region had to be more than 200 bp in 
length. 

DNA Preparation and Fragmentation 

0385 Genomic DNA (gDNA) from maternal buffy coat 
and placental tissue was prepared using the QIAamp DNA 
Mini KitTM and QIAamp DNA Blood Mini KitTM, respec 
tively, from QiagenR) (Hilden, Germany). For MCIp, gDNA 
was quantified using the NanoDrop ND 1000TM spectropho 
tometer (Thermo Fisher(R), Waltham, Mass., USA). Ultra 
sonication of 2.5 lug DNA in 500 ul TE buffer to a mean 
fragment size of 300-500 bp was carried out with the Branson 
Digital Sonifier 450TM (Danbury, Conn., USA) using the fol 
lowing settings: amplitude 20%, Sonication time 110 sec 
onds, pulse on/pulse off time 1.4/0.6 seconds. Fragment 
range was monitored using gel electrophoresis. 
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Methyl-CpG Immunoprecipitation 

(0386 Persample, 56 ugpurified MBD-Fc protein and 150 
ul of Protein A Sepharose 4 Fast Flow beads (Amersham 
Biosciences.(R), Piscataway, N.J., USA) were rotated in 15 ml 
TBS overnight at 4°C. Then, the MBD-Fc beads (150 ul/as 
say) were transferred and dispersed in to 2 ml Ultrafree-CL 
centrifugal filter devices (Millipore(R), Billerica, Mass., USA) 
and spin-washed three times with Buffer A (20 mM Tris-HCl, 
pH8.0, 2 mM MgCl2, 0.5 mM EDTA 300 mM NaCl, 0.1% 
NP-40). Sonicated DNA (2 g) was added to the washed 
MBD-Fc beads in 2 ml Buffer A and rotated for 3 hours at 4° 
C. Beads were centrifuged to recover unbound DNA frag 
ments (300 mM fraction) and subsequently washed twice 
with 600 ul of buffers containing increasing NaCl concentra 
tions (400, 500,550, 600, and 1000 mM). The flow through of 
each wash step was collected in separate tubes and desalted 
using a MinElute PCR Purification KitTM (QiagenR). In par 
allel, 200 ng sonicated input DNA was processed as a control 
using the MinElute PCR Purification KitTM (QiagenR). 

Microarray Handling and Analysis 

0387 To generate fluorescently labeled DNA for microar 
ray hybridization, the 600 mM and 1M NaCl fractions (en 
riched methylated DNA) for each sample were combined and 
labeled with either Alexa Fluor 555-aha-dCTP (maternal) or 
Alexa Fluor 647-aha-dCTP (placental) using the BioPrime 
Total Genomic Labeling SystemTM (Invitrogen R., Carlsbad, 
Calif., USA). The labeling reaction was carried out according 
to the manufacturer's manual. The differently labeled 
genomic DNA fragments of matched maternal/placental 
pairs were combined to a final volume of 80 ul, supplemented 
with 50 ug Cot-1 DNA (InvitrogenR), 52 ul of Agilent 10x 
blocking reagent (Agilent Technologies.(R), Santa Clara, 
Calif., USA), 78ul of deionized formamide, and 260 ul Agi 
lent 2x hybridization buffer. The samples were heated to 95° 
C. for 3 min, mixed, and subsequently incubated at 37°C. for 
30 min. Hybridization on Agilent CpG Island Microarray 
KitTM was then carried out at 67° C. for 40 hours using an 
Agilent SureHybTM chamber and an Agilent hybridization 
oven. Slides were washed in Wash I (6xSSPE, 0.005% N-lau 
roylsarcosine) at room temperature for 5 min and in Wash II 
(0.06xSSPE) at 37° C. for an additional 5 min. Next, the 
slides were submerged in acetonitrile and Agilent OZone 
Protection SolutionTM, respectively, for 30 seconds. Images 
were scanned immediately and analyzed using an Agilent 
DNA Microarray ScannerTM Microarray images were pro 
cessed using Feature Extraction Software v9.5 and the stan 
dard CGH protocol. 

Bisulfite Treatment 

0388 Genomic DNA sodium bisulfite conversion was per 
formed using EZ-96 DNA Methylation KitTM (ZymoRe 
search, Orange County, Calif.). The manufacturer's protocol 
was followed using 1 ug of genomic DNA and the alternative 
conversion protocol (a two temperature DNA denaturation). 

Quantitative Methylation Analysis 

(0389. Sequenom's Mass ARRAYR System was used to 
perform quantitative methylation analysis. This system uti 
lizes matrix-assisted laser desorption ionization time-of 
flight (MALDI-TOF) mass spectrometry in combination with 
RNA base specific cleavage (Sequenom(R) MassCLEAVETM). 
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A detectable pattern is then analyzed for methylation status. 
PCR primers were designed using Sequenom(R) EpiDE 
SIGNERTM (www.epidesigner.com). A total of 261 ampli 
cons, covering 85 target regions, were used for validation 
(median amplification length=367 bp, min=108, max=500; 
median number of CpG’s per amplicon=23, min=4. 
max=65). For each reverse primer, an additional T7 promoter 
tag for in-vivo transcription was added, as well as a 10mer tag 
on the forward primer to adjust for melting temperature dif 
ferences. The MassCLEAVETM biochemistry was performed 
as previously described (Ehrich M. et al. (2005) Quantitative 
high-throughput analysis of DNA methylation patterns by 
base specific cleavage and mass spectrometry. Proc Natl Acad 
Sci USA 102:15785-15790). Mass spectra were acquired 
using a Mass ARRAYTM Compact MALDI-TOF (Seque 
nomR), San Diego) and methylation ratios were generated by 
the EpiTYPERTM software v1.0 (Sequenom R, San Diego). 

Statistical Analysis 

0390 All statistical calculations were performed using the 
R statistical Software package (www.r-project.org). First, the 
array probes were grouped based on their genomic location. 
Subsequent probes that were less than 1000 bp apart were 
grouped together. To identify differentially methylated 
regions, a control sample was used as reference. In the control 
sample, the methylated fraction of a blood derived control 
DNA was hybridized against itself. Ideally this sample should 
show log ratios of the two color channels around 0. However 
because of the variability in hybridization behavior, the 
probes show a mean log ratio of 0.02 and a standard deviation 
of 0.18. Next the log ratios observed in the samples were 
compared to the control sample. A two way, paired t-test was 
used to test the NULL hypothesis that the groups are identi 
cal. Groups that contained less than 4 probes were excluded 
from the analysis. For groups including four or five probes, all 
probes were used in a paired t-test. For Groups with six or 
more probes, a sliding window test consisting of five probes 
at a time was used, whereby the window was moved by one 
probe increments. Each test sample was compared to the 
control sample and the p-values were recorded. Genomic 
regions were selected as being differentially methylated if 
eight out often samples showed a p value <0.01, or if six out 
often samples showed ap value <0.001. The genomic regions 
were classified as being not differentially methylated when 
the group showed less than eight samples with ap value <0.01 
and less than six samples with ap value <0.001. Samples that 
didn't fall in either category were excluded from the analysis. 
For a Subset of genomic regions that have been identified as 
differentially methylated, the results were confirmed using 
quantitative methylation analysis. 
0391 The Go analysis was performed using the online 
GOstat tool (http://gostat.wehi.edu.au/cgibin/-goStat.pl). P 
values were calculated using Fisher's exact test. 

Microarray-Based Marker Discovery Results 

0392 To identify differentially methylated regions a stan 
dard sample was used, in which the methylated DNA fraction 
of monocytes was hybridized against itself. This standard 
provided a reference for the variability of fluorescent mea 
Surements in a genomic region. Differentially methylated 
regions were then identified by comparing the log ratios of 
each of the ten placental/maternal samples against this stan 
dard. Because the goal of this study was to identify markers 
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that allow the reliable separation of maternal and fetal DNA, 
the target selection was limited to genes that showed a stable, 
consistent methylation difference overa contiguous stretch of 
genomic DNA. This focused the analysis on genomic regions 
where multiple probes indicated differential methylation. The 
selection was also limited to target regions where all samples 
showed differential methylation, excluding those with strong 
inter-individual differences. Two of the samples showed gen 
erally lower log ratios in the microarray analysis. Because a 
paired test was used for target selection, this did not nega 
tively impact the results. 
0393 Based on these selection criteria, 3043 genomic 
regions were identified that were differentially methylated 
between maternal and fetal DNA. 21778 regions did not show 
a methylation difference. No inter-chromosomal bias in the 
distribution of differentially methylated regions was 
observed. The differentially methylated regions were located 
next to or within 2159 known genes. 
0394 The majority of differentially methylated regions 
are located in the promoter area (18%) and inside the coding 
region (68%), while only few regions are located downstream 
of the gene (7%) or at the transition from promoter to coding 
region (7%). Regions that showed no differential methylation 
showed a similar distribution for promoter (13%) and down 
stream (5%) locations, but the fraction of regions located in 
the transition of promoter to coding region was higher (39%) 
and the fraction inside the coding region was lower (43%). 
0395. It has been shown in embryonic stem cells (ES) that 
genes targeted by the polycomb repressive complex2 (PRC2) 
are enriched for genes regulating development (Lee TI, et al. 
(2006) Control of developmental regulators by Polycomb in 
human embryonic stem cells. Cell 125:301-313). It has also 
been shown that differentially methylated genes are enriched 
for genes targeted by PRC2 in many cancer types (Ehrich M. 
et al. (2008) Cytosine methylation profiling of cancer cell 
lines. Proc Natl AcadSci USA 105:4844-48). The set of genes 
identified as differentially methylated in this study is also 
enriched for genes targeted by PRC2 (p-value <0.001, odds 
ratio=3.6, 95% CI for odds ratio=3.1-4.2). A GO analysis of 
the set of differentially methylated genes reveals that this set 
is significantly enriched for functions important during devel 
opment. Six out of the ten most enriched functions include 
developmental or morphogenic processes anatomical struc 
ture morphogenesis (GO:0009653, p value=0), developmen 
tal process (GO:0032502, p value=0), multicellular organis 
mal development (GO:0007275, p value=0), developmental 
of an organ (GO:0048513, p value=0), system development 
(GO:0048731, p value=0) and development of an anatomical 
structure (GO:004.8856, p value=0). 

Validation Using Sequenom(R) EpiTYPERTM 
0396 To validate the microarray findings, 63 regions from 
chromosomes 13, 18 and 21 and an additional 26 regions 
from other autosomes were selected for confirmation by a 
different technology. Sequenom EpiTYPERTM technology 
was used to quantitatively measure DNA methylation in 
maternal and placental samples. For an explanation of the 
EpiTYPERTM methods, see Ehrich M, Nelson MR, Stanssens 
P. Zabeau M, LiloglouT, Xinarianos G. Cantor CR, Field JK, 
van den Boom D (2005) Quantitative high-throughput analy 
sis of DNA methylation patterns by base specific cleavage 
and mass spectrometry. Proc Natl AcadSci USA 102:15785 
15790). For each individual CpG site in a target region the 
average methylation value across all maternal DNA samples 
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and across all placenta Samples was calculated. The differ 
ence between average maternal and placenta methylation was 
then compared to the microarray results. The results from the 
two technologies were in good concordance (see FIG. 7). For 
85 target regions the quantitative results confirm the microar 
ray results (95% confirmation rate). For 4 target regions, all 
located on chromosome 18, the results could not be con 
firmed. The reason for this discrepancy is currently unclear. 
0397. In contrast to microarrays, which focus on identifi 
cation of methylation differences, the quantitative measure 
ment of DNA methylation allowed analysis of absolute 
methylation values. In the validation set of 85 confirmed 
differentially methylated regions, a Subset of 26 regions is 
more methylated in the maternal DNA sample and 59 regions 
are more methylated in the placental sample (see Table 1A). 
Interestingly, genes that are hypomethylated in the placental 
samples tend to show larger methylation differences than 
genes that are hypermethylated in the placental sample (me 
dian methylation difference for hypomethylated genes-39%, 
for hypermethylated genes=20%). 

Example 2 

0398. Example 2 describes a non-invasive approach for 
detecting the amount of fetal nucleic acid present in a mater 
nal sample (herein referred to as the "Fetal Quantifier 
Method”), which may be used to detect or confirm fetal traits 
(e.g., fetal sex of RhD compatibility), or diagnose chromo 
Somal abnormalities such as Trisomy 21 (both of which are 
herein referred to as the “Methylation-Based Fetal Diagnostic 
Method”). FIG.10 shows one embodiment of the Fetal Quan 
tifier Method, and FIG. 11 shows one embodiment of the 
Methylation-Based Fetal Diagnostic Method. Both processes 
use fetal DNA obtained from a maternal sample. The sample 
comprises maternal and fetal nucleic acid that is differentially 
methylated. For example, the sample may be maternal plasma 
or serum. Fetal DNA comprises approximately 2-30% of the 
total DNA in maternal plasma. The actual amount of fetal 
contribution to the total nucleic acid presentina sample varies 
from pregnancy to pregnancy and can change based on a 
number of factors, including, but not limited to, gestational 
age, the mother's health and the fetus' health. 
0399. As described herein, the technical challenge posed 
by analysis of fetal DNA in maternal plasma lies in the need 
to be able to discriminate the fetal DNA from the co-existing 
background maternal DNA. The methods of the present tech 
nology exploit such differences, for example, the differential 
methylation that is observed between fetal and maternal 
DNA, as a means to enrich for the relatively small percentage 
of fetal DNA present in a sample from the mother. The non 
invasive nature of the approach provides a major advantage 
over conventional methods of prenatal diagnosis such as, 
amniocentesis, chronic villus sampling and cordocentesis, 
which are associated with a small but finite risk of fetal loss. 
Also, because the method is not dependent on fetal cells being 
in any particular cell phase, the method provides a rapid 
detection means to determine the presence and also the nature 
of the chromosomal abnormality. Further, the approach is 
sex-independent (i.e., does not require the presence of a 
Y-chromosome) and polymorphic-independent (i.e., an 
allelic ratio is not determined). Thus, the compositions and 
methods of the technology herein represent improved univer 
sal, noninvasive approaches for accurately determining the 
amount of fetal nucleic acid present in a maternal sample. 
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Assay Design and Advantages 
0400. There is a need for accurate detection and quantifi 
cation of fetal DNA isolated noninvasively from a maternal 
sample. The present technology takes advantage of the pres 
ence of circulating, cell free fetal nucleic acid (ccfDNA) in 
maternal plasma or serum. In order to be commercially and 
clinically practical, the methods of the technology herein 
should only consume a small portion of the limited available 
fetal DNA. For example, less than 50%, 40%, 30%, 25%, 
20%, 15%, 10%, 5% or less of the sample. Further, the 
approach should preferably be developed in a multiplex assay 
format in which one or more (preferably all) of the following 
assays are included: 

0401 Assays for the detection of total amount of 
genomic equivalents present in the sample, i.e., assays 
recognizing both maternal and fetal DNA species; 

0402 Assays for the detection of fetal DNA isolated 
from a male pregnancy, i.e., sequences specific for chro 
mosome Y: 

0403 Assays specific for regions identified as differen 
tially methylated between the fetus and mother; or 

0404 Assays specific for regions known to be hypom 
ethylated in all tissues to be investigated, which can 
serve as a control for restriction efficiency. 

0405. Other features of the assay may include one or more 
of the following: 

0406 For each assay, a target-specific, competitor oli 
gonucleotide that is identical, or Substantially identical, 
to the target sequence apart from a distinguishable fea 
ture of the competitor. Such as a difference in one or 
more nucleotides relative to the target sequence. This 
oligonucleotide when added into the PCR reaction will 
be co-amplified with the target and a ratio obtained 
between these two PCR amplicons will indicate the 
number of target specific DNA sequences (e.g., fetal 
DNA from a specific locus) present in the maternal 
sample. 

0407. The amplicon lengths should preferably be of 
similar length in order not to skew the amplification 
towards the shorter fragments. However, as long as the 
amplification efficiency is about equal, different lengths 
may be used. 

0408 Differentially methylated targets can be selected 
from Tables 1A-1C or from any other targets known to 
be differentially methylated between mother and fetus. 
These targets can be hypomethylated in DNA isolated 
from non-pregnant women and hypermethylated in 
samples obtained from fetal samples. These assays will 
serve as controls for the restriction efficiency. 

04.09. The results obtained from the different assays can 
be used to quantify one or more of the following: 
0410 Total number of amplifiable genomes present 
in the sample (total amount of genomic equivalents); 

0411. The fetal fraction of the amplifiable genomes 
(fetal concentration or percentage); or 

0412. Differences in copy number between fetally 
derived DNA sequences (for example, between fetal 
chromosome 21 and a reference chromosome Such as 
chromosome 3). 

Examples of Assays Used in the Test 
0413 Below is an outline of the reaction steps used to 
perform a method of the technology herein, for example, as 








































































































































































































































































































































































































































































































































































