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treating the DNA from step (a) with bisulfits; and () performing an amplification
reaction using the DNA from Step {b) and two primers to amplify a CpG-containing
genomic sequence, wherein the genofnic sequence is at least 15 nucleotides in length,
comprises at least one cytosine, and is within a region on chromosome 21, and
wherein the region consists of (1) a genomic locus selected from the group consisting
of CGI1 3-7, phosphodiesterase 94 (PDE94), homo sapiens protein phosphatase 1,
regulatory (inhibitor) subunit 2 pseudogene 2 (PPPIR2P2), Similarity to Feml4
(Caenorhabditis elegans) , CGIOOQ, carbohyl reductase 1 (CBR1), Down Syndrome
cell adhesion molecule (DSCAM) chromosome 21 open reading frame 29

(CZI orf29), Holocarbo:qylase Sj;ntherase (HLC&), and CGI132; and (2) aDNA
sequence of no more than 10 kb upstream and/or downstream from the locus; and
whercm at Jeast one of the two primers binds differentially to‘the genomic sequence
from the fetus; and (d) compaﬁng the level of the amplified portion of the genomic
seqﬁence from step (c) with a standard control, wherein an increase or decrease from
the standard control indicates the presence or progression of a pregnancy—a_ssociated
disorder.

[0010A] Ina secbnd aspect, there is provi_ded a method for detecting or monitoring a
pregnancy-associated disorder in a woman pregnaﬁt With a fetus, comprising the steps
of: (a) obtaining DNA in a biological sample obtamed from the woman, wherein the
sample is whole blood, serum, plasma, urine, or saliva; (b) treating the DNA from step
(a) with bisulfite; and (c) performing an amplification reaction using the DNA from
step (b) and two ﬁrimers to amplify a CpG-containing genomic sequence, wherein the
genomic séquence is at least 15 nucleotides in length, comprises at least one cytosine,
and is within a region on chromosome 21, and wherein the region consists of (1) a

- genomic locus CGI137; and (2) a DNA sequence of no more than 10 kb upstream
and/or downstream from the locus; aﬁd wherein at least one of the two primers binds
differentially to the genomic sequence from the fetus; and (d) comparing the level of
the amphﬁed portion of the genomic sequence from step (¢) with a standard control,

wherein an increase or decrease from the standard control indicates the presence or

progression of a pregnancy-associated disorder.
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ancuploidy (e.g., trisomy 21) and mirautenne growth retardatmn.

' -[0013] In one embodlment of the present disclosure, a method is provxded for detectmg

‘and monitoring a pregnancy—assocnated chsorder The method comprises the steps of: (a)
obtaining DNA in a biological sample from the woman, wherein the sample is whole

' qudd, serum, plasﬁa, urine, or saliva; (b) treating the DNA from step (a) with a

reagent that differentially modifies methylated and tinmethylated DNA; (c)

deiérﬁ:ining the nucleotide sequence of a CpG-containing genomic sequence from

step (b), whereiix the genomic sequéncc is at least 15 mucleotides in length, comprises

‘at least one cytosine, and is within a region on chromosome 21, and wherein the
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name (01137 region A Cd 137 region 1PDE9A region
PDE9A regi on B PDE9A regi on C PPP1LR2P2 region A
PPP1R2P2 region B Simlarity to FernlA (C el egans)
region A 99 09 09 09 L9 39 09 99 99 99 99
09 99 931 r rrr 931 931!. 531 931 7

1%@1011 cons%% . 61)91%%101:01(9@0& selegte@ (i)i‘oﬁt thdgrofp cdhsisting oDCGII37,
pho.sphodzesterase 94 (PDE94), hOma sapiens protem phosphatase 1, regulatory

. (inhibitor) subunit 2 psendogene 2 (PPPIR2P2), Similarity to FemlA
(Caenorhabditis elegaﬁ.s‘), CG1009, carboryl reductase 1 (CBR1), Down Syndrome
cell acﬁzesionrmoleéule (DSC’AM, chromosome 21 open reading frame 29
(C210129), Holocarboxylase Syntheiase (HLCS), and CGI132; and (2) a DNA
sequence of no more than 10 kb upstream and/or downstream from the locus; and (d)
comparing the proﬁle of the nucleotide sequence from step (c) with a standard
control, wherein a change in the profile from the standard control indicates the

presence or progressmn ofa pregnancy-assoczated dlsordex:

, [0013A] In a third aspect, there is provided a method for detectmg and momtonng a
pregnancy-associated disorder, comprlsmg the steps of: (a) obtaining DNA. in a
- biological sample obtained from the woman, wherein the sample is whole blood,
sermn, plasma, urine, or saliva; (b) treating the DNA from step (aj with a reagent that
| differentially modifies methylated and unmethylated DNA; (c) determining the
nucléotide sequence of a CpG-containing genomic sequence from step (b), wherein
the genomic sequence 1s at least 15 nucleotides in length, comprises at least one
cytosine, and is within a reglon on chromosome 21, and Wherem the region consists of
(1) a genomic locus CGI137; and (2) a DNA sequence of no more than 10 kb upstream
_' and/or downstream from the locus; and (d) comparing the profile of the nucleotide
soquonce from step (c) with a standaid control, wherein a change in the profile from the

. standard control indicates the presence or pro gressmn of a pregnancy-associated disorder.

[0014] In some embodiments, the reagent comprises bisulfite; or the reagent may
comprise one or more enzymes that pfeferenﬁally cleave mothylaxed DNA; or the
reagent may COIMPTiSe ONE O IMOre Enzymes that preferentially cleave unmethylated
DNA. | | | |

[0015] In some embodiments, the method oaay further comprise an amplification
step of using the DNA from step (b) and two primers to amphfy the genomic
sequence. For instance, the amphﬁcatlon step can be perfomed by PCR, such as
methylauon—specﬁc PCR. Insome ombodxments step () is performed by mass
spectrometry. In other embodiments, step (c) is performed by primer extension.
Other Qossible means for carrying out step (c) includes polynucleotide hybridization,
by real-time PCR, and by electrophoress. '
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wAMGR region on chromosome 21, and wherein the region consists of (1) a genomic

locus; and (2) a DNA sequence of no more than 10 kb upstream and/or downstream
from the locus; and (c) determining the ratio of the alleles,' wherein a deviation from
that of a woman carrying a fetus not having trisomy 21 indicates trisomy 21 in the

fetus.

[0016] In one embodiment of the present disclosure, a method is provided for detecting
 trisomy 21 in a fetus in-a pregnant woman. The method comprises the steps of: (a)
obtaining a biolo gical sample from the wofnan, wherein the sample is whole blood, - '
serum, plasma, uﬁne, or saiiva; (b) treating the sampl_é from step (a) with a reagent
that differentially modifies mcthyléted and unmethylated DNA, () analymng the
alleles -'of a épG-cohtaining genomic sequeﬁce, wherein the genomid sequence is at -
7 least 15 nucleotides in length, comprises at least one cytosine, and is within a-region'- :
on chromosome 21, and wherein the region consists of (1) a genomic locus selected
from the group consisting of CGI137, phosphodz’éstemse 94 (PDE94), homo sapiens
protein phosphdmse 1, regulatory (inhibitor) subunit 2 pseudogene 2 (PPPIR2P2),
Similarity to FemlA _(Caenbrhgbdiﬁs elegans), CGI009, carbonyl reductase 1
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[0018] In some embodiments, the method further comprises an amplification step
following step (b) to amplify the methylated or unmethylated genomic sequence. The

amplification step may be performed by PCR, such as methylaﬁon—speciﬁc PCR.

- [0019] There are various possibiliﬁes in performing step (¢} of the claimed method.
For example, step can be performed by mass spectrometry, by 2 primer extension
assay, by real-time PCR, by polynucleotide hybridization, or electrophoresis.

[0020] Insome embodiments of ﬁs method, the.two different alléles of the
geﬁomic sequence on chromosome 21 from the fetus comprise a single nﬁcleotide
polymdrphism, an insei'éion—deletion polymozphiéﬁa, or a simple tangiem repeat
inolymdrphism. ) ' |
[0020A] In a fifth aspect, there is prolvided a method for.deteétiilg or monitoring a
ﬁregnancy—associated disorder in a woman pregnant with a fetus, c_:ompﬁsing the steps
| of: (a) deteﬁnining the level of a Eij—containing genomic sequence in a biological -
sample obtained from the woman, wherein the sample is whole blood, serum, plasma,
urine or saliva, wherein the genomic sequence is at least 15 nucleotides in length,
comprises at [east one unmethylated cytosine, and is within a region on chromosome
21, and wherein the regién consists of (1) a genomic locus CGI137; and (2) a DNA
sequence of no more than 10 kb upstream and/or downstream from the locus; and (b)
comparing the level of the genomic seqﬁence with a standard control, whereiﬁ an
increase or decreas'f; from the standard control indicates the presence or progression of

‘ a pregnancy-associated disorder.
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pregnanci es. The bisulfite sequencing data for
regions A and B of all the 5 cases are shown in
Figures 1 A and 1B, respectively. Each row in the
respective panels represents the bisulfite sequencing
result for one clone while each columm represents an
i ndi vi dual CpG dinucl eotide within the genoraic
sequence. The proportion of nethylated clones anong
all of ‘the sequenced clones, 20 the nethyl ation
i ndex, at each CpG site was determned for all 5
placental tissue and maternal blood cell sanples. The
data are summarized hi Figures 2A and 2B.--1t can be
seen that the placenta is hyponet hyl at ed conpared
with maternal blood cells. Chi-square analysis was
performed.- to conpare the distribution of nethylated
and munet hyl ated cl ones between the placental tissues
and maternal bl ood cells at each CpG site. The
differences i'n the 25 nmethyl ation indices between the
pl acenta and maternal blood cells are statistically
significant for all 21 CpG sites (CM square, _
P<0. 0001, Tables 2A and 2B). Table 2A. Summary of
bi sul fite sequencing data and chi -square anal ysis
conparing the nethylation profile of the placental
ti ssues and maternal blood cells at the individua
CpG sites within CA 137 Region A The individual CpG
sites are designated by their nucleotide positions
relative to chr2l1- 46, 249,636 (+1) of the Human May
2004 (hgl7) 5 assenbly of the UCSC Genome Browser.
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displapengng reaction, a brapched DNA amplification reaction. In some

embodiments, the level of the genomic DNA sequence is determined by wéy of
elegtroph{)resis or polynucleotide hybridization. ' 7

[0024] - The method is suitable for detecting or monitoring a number of pregnancy-
associated disorders, including preeclampsia, preterm labor, hyperemesis gravidarum,
ectopic pregnancy, trisomy 21, and intrauterine _growth retardation.

[0025] In one embodiment of the present disclosure, a method for detecting or monitoring
a pregnancy-associated disorder in a-won;lan pregnant with a fetus. The methoci |
compﬁsesrthe steps of: (a) obtaining a biological sample from the woman, wherein the
samp_lé is whole blood, serum, plasma, urine, or salive; (b) determinihé fhe level ofa
CpG-containing genomic sequence in the;sample, wherein the genomic sequence is at
least 15 nucleotides in length, comprises at least one methylated cytosine, and is
within a region on chromosome 21, and wherein the region consists of (1) a genomic
locus selected from the group consisting of CGI009, carbornyl reductase 1 (CBRI),
Down .S_'jmdronie cell adhesion molecule (DSCAM, chromosome 21 open reading

Jrame ;‘9 (C210r29), Holocarboxylase Synthetase (HLCS), and CGI1 32,and (2)a
DNA sequence of no more than 10 kb upstream and/or downstream from, the locus;
and (c) comparing the level of the genomic sequence with a standard control, wherein
an increase or decrease from the standard conirol indicates the presenée or

progression of a pregnancy-associated disorder.
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[0029A] The methods of the present dlsclosure n aﬂ ernbodunents may be camed out

 without any step performed on the woman. In thqse embodiments, the methods of the
present disclosure omit the step of obtaining the biological sample from the woman,
and start with the first recited step that is carried out on the sample. All other

| disclosure in this application applies equallly to these embediments, except where'the

context clearly requires otherwise.

[0029B] Thus, the method of one embodiment becomes: a rnethod of detecfing or
monitoring a pregnancy—assocmted disorder in a woman pregnant WIth a fetus,
comprising the steps of: (a) [om1tted] (b) determining the methylation status of a CpG-
containing genomic sequence in a biological sample from the woman, wherein the
sample is whole blood, serum, plasma, urine, or saliva, wherein the genomic sequence
from the fetus and the genomic sequence from the woman are differentially methylated,

thereby 'distinguishing the genomic sequence from the
' 8
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woman and the genomic sequence from the fetus in the _saxﬁplé, wherein the >genomic
sequence is at least 15 nucleotides in length, comprising at least one cytosine, and is

~ withina region on chromosome 21, and wherein the region consists of (1) a genomic
~ locus selected from the group consisting of CGI137, phosphodiesterase 94 (PDE94),
homo sapiens protein phosphatase 1, regulatory (inhibitor) subunit 2 pséudogene 2

- (PPPIR2P2), Similarity to FemlA (Caenorhabditis elegans), CGI009, carbonyl
reductase 1 (CBRI '}, Down ;S_‘,mdroine cell adhesion molecule (DSCAM), and
chromosome 21 open reading frame 29 (C21 orj‘29) Holocarboxylase Synthetase
(HLC,SD and CGIl 32; and (2) a DNA sequence of no more than 10 kb upstream
and/or downstream from the locus; (c) determmmg the level of the genomic sequence
from the fetus; and (d) comparing the level of the genomic sequence from the fetus

with a standard control, wherein an increase or decrease from the standard control

indicates the presence or progression of a pregnancy-associated disorder.

{0029C] Similarly, the method of andther embodiment becomes: a

method of detecting or monitoring a pregnancy—assocxated disorder in 2 woman

' pregna.nt with a fetus, comprising the steps of: (a) [omltted] (b) treating DNA of a
bmloglcal sample from the woman, wherein the sample is whole blood, serum,
plasma, urine or sa.hva, with bisulfite; (c) performmg an amplification reaction using
the DNA from step {b) and two primers to amphfy a CpG-contammg genomic
seguence, wherein the genomic sequence is at le,-ast 15 nucleotides in iength,
lcompnses at least one cylosine, ‘and is within a region on chromosome 21, and
wherein the region consists of (1) a genomic locus selected from the group consisting
of CGI137 phosphodzesterase 94 (PDE9A) homo sapzens protein phosphatase 1,
regulatory (inhibitor) subunit 2 pseudogene 2 (PPPIR2P2), Similarity to FemlA
(Caenorhabditis elegans), CGI009, carbonyl reductase ] (CBRI), Down Syndrome
cell.adhesion molecule (DSCAM), chromosome 21 open readiﬁg frame 29

(C210r129), Holocarboxylase Synthetase (HLCS), and CGI132; and (2) aDNA
sequence of no more than 10 kb upstream and/or downstream from the locus; and

. wherein at least one of the two primers binds differentially to ﬁle genomic seéuence
from the fetus and (d) comparing the level of the amphﬁed portion of the genomic
sequence from step (c) with a standard control, wherein an increase or decrease from

the standard control indicates the presence or progression of a pregnancy-associated
disorder. '
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thd %%i.lﬁ"}&l sequence is at least 15 nucleotides in length, comprises at least one
cytosine, and is within a region on chromosome 21, and Wheréin the region consists of
(1) a genomic locus selecied from the group consisting of CGI137, phosphodiesterase
94 (PDE94), homo sapiens prolein phosphatase 1, regulgtory (inhibitor) subunit 2
- pseudogene 2 (PPPIR2P2), Similarity to FemlA (Caenorhabditis elegans), CGI009,
B carbonyl reductase I ‘(CBRI ), Down Syndrome cell adhé.gion molecule (DSCAM),
chromosome 21 open reading frame 29 (C210r29), Halocarboszlase .Sjlnrkemse
(HLCS), and CGI132; and (2) a DNA sequence of no more than 10 kb upstream
and/or downstream from the locus; and (d) comparing the pfoﬁle of the nucleotide
sequence from step (¢) with a standard conﬁol, wherein a change in the profile from
the standard control indicates the presence or progressmn of a pregnancy-associated
dlsorder

[0029E] Similarly, the method of another embodiment becomes: a

metﬁod for detecting trisomy 21 in a fetus in a pregnant woman, comprising the steps
of: (a) [omitted]; (b) ireating 2 biological sample from the woman, wherein the sample
is nrhole blood; serum, plasina, uﬁne or sahva, with a reagent that differentially
modifies methylated and nnmethylated DNA; (¢) analyzing the alleles of a CpG-
containing genomic sequence wherein the genontic sequence is at Jeast 15 -
nucleotides in length, compnses at least one cytosine, and is wfﬂam a region on
chromosome 21, and wherein the region consists of (1) a genomic locus selected fromi
the grnup cnnSisﬁng of CGI137, phosphodiesterase 94 (PDE94), homo sapiens
proteiﬁ phosphatase 1, regulatory (inhibitor) subunit 2 pseudogene 2 (PPPIR2P2),
Sz‘mila_rf’ty to Femlid (Caenorhdbditz’s_ elegons), CGI009, carbonyl reductase 1
(CBR1), Down .Sjmdrome cell adhesion molecule (DSC'AM), chromosome 21 open
reading frame 29 (C210rf29), Holocarboxylase Synthetase (HLCS), and CGI132; and
(2) a DNA sequence of no more than 10 kb upstream and/or downstream from the

10
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locus; and (d) determining the ratio of the alleles, wherein a deviation from that of a

woran carrying a fetus not having trisomy 21 indicates trisomy 21 in the fetus.

- [0029F] Siinilarly, the method of another embodiment becomes: a

* method of detecting or monitoring a pregnancy-associated disorder in a woman
pregnant with a fetus, comprising the steps of: (a) [omitted]; (b) determining the level
ofa CpG—contéining genomic sequence in a biological sample from the woman;

“wherein the sample is whole blood, serum, plasma, urine or saliva, wherein the
genomic sequence is at least 15 nucleotides in length, comp'risés at least one
unmethylated cytosine, and is within a region on chromosome 21, and Wherein the
region consists of (1) a genomic locus se}ectqd from the group coﬁsisting of CGI137,
phdsphodiestera;se" 94 (PDE9A ),‘ homo sapiéns protein phosphatase 1, régularéry
(inhibitor) subunit 2 pseudogene 2 (PPPIR2P2), and Similarity to Feml A ‘
(Caenorhabditis elegans), and (2) a DNA sequence of no more than 10kb upstream
and/or downstream from the locus; and (c) comparing the level of the genomic
sequence with a standard control, wherein an increase or decrease from the standard

control indicates the presence or progression of a pregnancy-associated disorder,

[0029G] Similarly, the method of yet another embodiment becomes: a

method of detecting or monitoring a ;iregnancy—associated disorder in a woman

- pregnant with a fetus, comprising the steps of: (a) [omitted]; (b) determjﬁing the level
 of a CPG-containing genomic seqﬁencé in a biological sample from the woman,r

. wherein the sample is whole blood, serum, plasma, urine or saliva, wherein the

" genomic sequence is at least 15 nucleotides 111 Ieﬁgfh, comprises atleastone

' méthylated cytosine, and is within a region on chromosome 21, and wherein the
. region consists of (1) 2 genomic locus selected from the group consisting of CGI009,
| carbonyl reductase 1 (CBRI), Down Syndrome cell adhesion molecule (DSCAM),

- chromosome 21 open r{éading Sframe 29 (C210rf29), Holocarboxylase Synthetase
(HLCS), and CGI132, and (2) a DNA sequence of no mdzfe than 10 kb upstream
and/or downstream from the locus; and (c) comparing the level of the genomic
sequence with a standard control, wherein an increase or decrease from the standard

control indicates the presence or progression of a prégnancy-associated disorder.

11
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BRIEF DESCRIPTION OF THE DRAWINGS

[6030] Figure 1. Cloning and bisulfite sequencing of CGI137 (A). region A

and (B). region B among paired placental tissues and maternal blood cells.

Individual CpG sites are numbered across the first row, with nucleotide positions

defined relative to chr21:46,249,636 (+1) of the Human May 2004 (hgl7) assembly of

the UCSC Genome Browser, Each subsequent row depicts the methylation status

across the CpG sites in a single DNA molecule isolated by cloning. Filled and

unfilled circles represent methylated and wnmethylated CpG sites, respectively.

Clones from placental tissue samples are labeled with a prefix “PLN,” while those

from maternal blood cells are labeled with a prefix “MBN.” Placenta and maternal

blood cells from the same pregnant individual are identified by identical sample

number following the “PLN™ or “MBN.”

[0031] Figure 2. Box plot of the methylation indices ameng all of the
sequenced clones for the placenta and maternal blood cell sampies for each of the
studied CpG sites within CGI137 (A). region A and (B). region B. Across the x-
axis, the individual CpG sites are designated with their nucleotide positions relative to
chr21:46,249,636 (+1) of the Human May 2004 (hg17) assembly of the UCSC

Genome Browser.

[0032] Figure 3. Bex plot of the methylation indices among all of the
sequenced clones for the placenta and maternal blood cell samples for each of the
studied CpG sites within PDE94 among third-trimester and first-trimester
pregnancies for region A (A and B), region B (C and D) and region C (E). For
Fig. 3A and 3B, across the x-axis, the individual CpG sites are designated with their
nuclectide positions relative to the reverse strand of chr21: 42,978,424 (+1) of the
Human May 2004 (hgl7) assembly of the UCSC Genome Browser; and for Fig. 3C
and 3D, relative to the forward strand of chr21: 42,978,718 (+1); for Fig. 3E, relative
to the forward strand of ¢hr21:42,978.,005 (+1).

[0033] Figure 4. Box plot of the methylation indices among all of the
sequenced clones.for the placenta and maternal blood cell samples for each of the
studied CpG sites within region A of PPPIR2P2 among (A). third-trimester and
(B). first-trimester pregnancies, and (C). within region B of PPPIR2P2 among
third-trimester pregnancies. Across the x-axis, the individual CpG sites are |

12
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[0035] Figure 6. Box plot of the methylation indices among all of the
sequenced ciones for the placenta and maternal blood cell samples for each of the
studied CpG sites within CGI009. Across the x-axis, the individual Cp@ sites are
designated with their nucleotide positions relative to chr21: 25,855,701 (+1) of the
Human May 2004 (hg17) assembly of the UCSC Genome Browser.

[0636] TFigure 7. Box plot of the methylation indices amoxng all of the
sequenced clones for the placenia and maternal blood cell samples for each of the
studied CpG sites within Carbonyl reductase 1. Across the x-axis, the individual
CpG sites are designated with their nucleotide positions relative to chr21: 36,363,538
(+1) of the Human May 2004 (hgi7) assembly of the UCSC Genome Browser.

[0037] Figure 8. Box plot of the methylation indices among all of the
sequenced clones for the placenta and maternal blood cell samples for each of the
studied CpG sites within Down syndrome cell adhesion molecule. Across the x-
axis, the individual CpG sites are designated with their nucleotide positions relative to
chr21: 41,139,872 (+1) of the Human May 2004 (hgl7} assembly of the UCSC

Genome Browser.

[0038] Figure 9. Box plot of the methylation indices ameng all of the
sequenced clones for the placenta and maternal blood cell samples for each of the
studied CpG sites within C27orf29. Across the x-axis, the individual CpG sites are
designated with their nucleotide positions relative to chr21: 44,953,288 (+1) of the
Human May 2004 (hgl7) assembly of the UCSC Genome Browser.

[0039] Figure 18. Cloning and bisulfite sequencing of CGI111 among paired
placental tissnes and maternal blood cells. Individual CpG sites are numbered
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across the first row, with nucleotide positions defined relative to chr21: 44,699,072

{(#+1) of the Human May 2004 (hg17) assembly of the UCSC Genome Browser. Each
subsequent row depicts the methylation status across the Cp(G sites in a single DNA
molecule isolated by cloning. Filled and unfilled circles represent methylated and
unmethylated CpG sites, respectively. Clones from placental tissue samples are

labeled with a prefix “PLN,” while that from maternal blood cells are labeled with a
prefix “MBN.” Placenta and maternal blood cells from the same pregnant individual

are identified by identical sample number following the “PLN” or “MBN.”

[0040] Figure 11. Box plot of the methylation indices among all of the
sequenced clones for the placenta and maiernal blood cell samples for ¢ach of the
studied CpG sites within CGI121. Across the x-axis, the individual CpG sites are
designated with their nucleotide positions relative to chi21: 45,262,112 (+1) of the
Human May 2004 (hgl7) assembly of the UCSC Genome Browser.

[0041] Figure 12. Illusiration of the homogencous MassEXTEND assay
targeting the unmethylated form of CGI137. The nucleotide sequence spanning
the amplified region is shown. The original DNA sequence is aligned above the
bisulfite-converted sequence. Cp( sites are identified by the “++” sign. The CpG
sites are additionally numbered and the numbering corresponds to that in Fig. 1A and
2A and Table 2A. Cytosine residues which are not part of a CpG dinucleotide are
identified by a “.” sign. The depicted bisulfite-converted sequence is based on the
assumption that all CpG sites are methylated. Alignments for the forward, extension

and reverse primers are shown below the bisulfite-converted sequence.

[0042] Figure 13. Mass spectrometric tracings of the homogeneouns
MassEXTEND assay targeting the unmethylated form of CGI137. Results for the
pure placental DNA, maternal buffy coat DNA, 95:5 (maternal buffy coat
DNA:placental DNA) mixture, pre- and post-delivery maternal plasma and no
template controls (NTC) are shown. For all mass specira, the x-axis depicts the
molecular weight of the detected extension products (shown as sharp peaks), while
the y-axis depicts the intensity in arbitrary units. The expected position of the

unmethylated molecule is as marked.

[0043] Figure 14. Combined Bisulfite Restriction Analysis (COBRA) analysis
of (A). Holocurboxylase Synthetase region A, (B). region Bl and (C). region B2.
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Two trisomy 21 placentas (T21 PLN), two 1% trimester normal placentas (Normal

PLN 1%), two 3" trimester normal placentas (Normal PLN 3), and two 1% trimester
maternal blood cells (Buffy coat) were analyzed, PCR products were digested with

(+) or without () BstU I enzyme. DNA methylation was detected by the appearance

of the smaller size digestion products. One kb ladder (Invitrogen Carlsbad, CA) (M)

was used in gel electrophoresis.

[0044] Figure 15. COBRA analysis of CGI009. Two trisomy 21 placentas (T21
PLN), two 1* trimester normal placentas (Normal PLN 1%), two 3™ trimester normal
placentas (Normat PLN 3™), and two 1* trimester matetnal blood cells (Buffy coat)
were analyzed. PCR products were digested with () or without (~) BstU I enzyme.
DNA methylation was detected by the appearance of the smaller size digestion
products, One kb ladder (Invitrogen Carlsbad, CA) (M) was used in gel

electrophoresis.

[0045] Figure 16. COBRA analysis of CGI132. Two trisomy 21 placentas (T21
PLN), two 1 trimester normal placentas (Normal PLN 1%), two 3™ trimester normal
placentas (Normal PLN 3™, and two 1% trimester maternal blood cells (Buffy coat)
were analyzed. PCR products were digested with (+) or without (-} BstU I enzyme.
DNA methylation was detected by the appearance of the smaller size digestion
products. One kb ladder (Invitrogen Carlsbad, CA) (M) was used in gel

electrophoresis.

[0046] TFigure 17. Cloning and bisulfite sequencing of HLCS region B2 among
placental tissues and maternal blood cells. Individual CpG sites are numbered
across the first row, with nucleotide positions defined relative to the reverse strand of
chr21:37,274,682-37,275,036 of the Human May 2004 (hgl7) assembly of the UCSC
Genome Browser. Each subsequent row depicts the methylation status across the
CpG sites in a single DNA molecule isolated by cloning. Filled and unfilled circles
represent methylated and unmethylated CpG sites, respectively. Clones from frisomy
21, normal 1* rimester and normal 3™ trimester placental tissue samples are labeled
with a prefix “T21 PLN,” “Normal PLN 1% and “Normal PLN 3™,” respectively,
while those from maternal blood cells are labeled with a prefix “Buffy coat.”
Placenta and maternal blood cells from different pregnant individuals are identified by

sample numbers following the prefix.
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[0897] 1 A8 gure180 QnantificX@n\6f HLCS DNA from placental tissues and
maternal buffy coat. Methylation index was defined as the HLCS DNA
concentrations after restriction enzyme over total concentrations as determined in the
mock digestion control of the same sample. DNA from placental tissues is labeled as
“Normal PLN,” and that from maternal buffy coat is labeled as “MBC.”

[0048] Figure 19. Fetal-specific HLCS detection in 3" trimester maternal
plasma. HLCS signals were detected in maternal plasma samples with (Figure 194)
or without (Figure 19B) methylation sensitive restriction enzyme treatment. Pre-
delivery plasma samples are labeled as “Pre,” while post-delivery plasma samples are
labeled as “Post.” Restriction enzymes Hpa I and BsfU I were used in digestion
reactions, and are labeled as “(+)" in the plot. Mock digestions without enzyme
treatment are labeled as “(-).”

DEFINITIONS
[0049] The term "pregnancy-associated diserder,” as used in this application,
refers to any condition or disease that may affect a pregnant woman, the fetus the
woman is carrying, 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
delivery, 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, and fetal chromosomal abnormalities such as trisomy 21.

[6050] A "CpG-eontaining genomic sequence” as used herein refers to a segment
of DNA sequence at a defined location in the genome of an individual suchasa
human fetus or a pregoant 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 nucleofides in length and
contains at least 2, 5, 10, 15, 20, 25, or 30 cytosines. For any one "CpG-containing
genomic sequence” at a given location, e.g., within a region centering around a given
genetic locus on chromosome 21 (such as a CpG island CGI137, PDE9SA, CGI009,
etc.), 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 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
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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 5 kb, 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 a protein-coding sequence, a non protein-coding sequence

(such as a transcription promoter), or a combination thereof.

[0051] A "CpG island" in this application describes a segment of DNA sequence
found in a genome that has a minimal length, a minimal GC content, and a minimal
ratio of observed CpG frequency/expected CpG frequency (OCF/ECF). Yamada et
al. (Genome 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 ef al.,
Proc. Natl. Acad. Sci. U.S.4. 99:3740-3745, 2002) have defined a CpG island less
stringently as a sequence at least 200 nucleotides in length, having a greater than 50%
GC content, and an OCF/ECF ratio greater than 0.6. The concept of a "Cp( island"
on chromosome 21, as used in this application, is one that fits the CpG island profiles
provided by any one of the currently available computational programs designed for
scanning chromosomes based on the above stated criteria, encompassing results
obtained when using window sizes of 100, 200, or 300 nucleotides and shift or step
stzes of 1, 2, or 3 nucleotides in the screening process. The individual CpG islands
named in this disclosure are further defined by their corresponding genomic contig
aceession number, version and region at GenBank, chromosomal location relative to
the chromosome 21 sequence of the Human May 2004 (hgl7) assembly of the UCS5C
Genome Browser {(genome.ucsc.edu), and their capability to be amplified by PCR

primers under given conditions, as indicated in Table 1 of this specification.

[0052] The term "epigenetic state" or "epigenetic statas” 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 pattern or its association with cellular proteins.

[0053] The term "methylation profile" or "methylation status," when used in this
application to describe the state of methylation of a genomic sequence, refers to the

characteristics of a DNA segment at a particular genomic locus relevant to
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methylation. Such characteristics include; but are not limited to, whether any of the
cytosine (C) residues within this DNA sequence are methylated, location of
methylated C residue(s), percentage of methylated C at any particular stretch of
residues, and allelic differences in methylation due to, e. 8., 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
siretch of residues in a biological sample.

[0054] The term "single nucleotide polymorphism" or "SNP" as used herein refers
to the polynucleotide sequence variation present at a single nucleotide residue within
different alieles of the same genomic sequence. This variation may occur within the
coding region or non-coding region (i.e., in the promoter region) of a genomic
sequence, if the genomic sequence is transcribed during protein production.

Detection of one or more SNP allows differentiation of different alleles of a single

genomic sequence.

[0055] '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

conventionaliy defined.

[0056] The term "bisulfite" as used herein encompasses all types of bisulfites, such
as sodium bisulfite, that are capable of chemically converting a cytosine Citoa
uracil (U) without chemically modifying a methylated cytosine and therefore can be
used to differentially modify a DNA sequence based on the methylation status of the
DNA.

[0057] As used herein, a reagent that "differentially modifies" methylated or non-
methylated DNA encompasses any reagent that modifies methylated and/or
unmethylated 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 endonuciease). Thus, an enzyme that
preferentially 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,
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whereas an enzyme that preferentially cleaves or digests unmethylated DNA exhibits
a significantly higher efficiency when the DNA is not methylated.

[0058] The term “nucleic acid” or “polynucleotide” refers to deoxyribonucleic
acids (DNA) or ribonucleic acids (RNA) and polymers thereof in either single- or
double-stranded form. Unless specifically limited, the term encompasses nucleic
acids containing known analogs of natural nucleotides that have similar binding
properties as the reference nucleic acid and are metabolized in 2 manner similar to
naturally 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, degenerate codon substitutions may be achicved by generating sequences
in which the third position of one or more selected (or all) codons is substituted with
mixed-base and/or deoxyinosine residues (Batzer ef al., Nucleic Acid Res. 19:5081
(1991); Ohtsuka et al., J. Biol. Chem. 260:2605-2608 (1985); and Rossolini ef al.,
Mol. Cell. Probes 8:91-98 (1994)). The term nucleic acid is used interchangeably
with gene, cDNA, and mRNA encoded by a gene.

[0059] 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/fransiation of the gene product and
the regulaiion of the transcription/translation, as well as intervening sequences
(introns) between individual coding segruents (exons).

[0060] In this application, the terms “polypeptide,” “peptide,” 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
polymers. As used herein, the terms encompass amino acid chains of any length,
including full-length proteins (i.e., antigens), wherein the amino acid residues are

linked by covalent peptide bonds.

[0061] 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
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[0063] As used in this application, an "increase” or a "decrease” refers to a
detectable positive or negative change in quantity from an establishéd standard
control. An increase is a positive change preferably at least 10%, more preferably
50%, still more preferably 2-fold, even more preferably at least 5-fold, and most
preferably at least 10-fold of the control value. Similarly, a decrease is a negative
change preferably at least 10%, more preferably 50%, still more preferably at least
80%, and most preferably at least 90% of the control. Other terms indicating
quaniitative changes or differences from a comparative basis, such as "more" or

"less," are used in this application in the same fashion as described above.

[0064] A "polynucleotide hybridization method" as used herein refers fo a
method for detecting the presence and/or quantity of a polynucleotide based on its
ability to form Watson-Crick base-pairing, under appropriate hybridization
conditions, with a polynucleotide probe of a known sequence. Examples of such

hybridization methods include Southern blotting and Northern blotting.

[0065] "Primers" as used herein refer to oligonucleotides that can be used in an
amplification method, such as a polymerase chain reaction (PCR), to amplify a
nucleotide sequence based on the polynucleotide sequence corresponding to a
particular genomic sequence, e.g., one located within the CpG island CGI137,
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.

[0066] "Standard eomtrol” as used herein refers to a sample comprising a genomic
sequence of a predetermined amount or methylation profile (which may include
multiple different and separable characteristics related to methylation) suitable for the

use of a method of the present invention, in order for comparing the amount or
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methylation status of a particular genomic sequence, e.g., one located within the CpG
island CGI137, PDE9YA, or CGI009 on chromosome 21, that is present in a test
sample. A sample serving as a standard contro! provides an average amount or
methylation profile of a gene of interest that is typical for a defined time (e.g., first
trimester) during pregnancy in the blood of an average, healthy pregnant woman
carrying a normal fetus, both of who are not at risk of developing any pregnancy-

associated disorders or complications.

[0067] The term "average,” as used in the context of describing a pregnant woman,
refers to the fact that the woman is free of at least one condition of relevance, such as
having a chromosomally abnormal fetus, or suffering from a pregnancy-associated
condition (e.g., ectopic pregnancy, preeclampsia or preterm labor). The term
“average,” when used in other context, refers to certain characteristics, such as the
methylation profile of a particular genomic sequence (e.g., one located within the
CpG island CGI137, PDE94, or CGI009 on chromosome 21) of both maternal and
fetal origins found in the woman's blood, that are representative of a randomly
selected group of healthy women who are pregnant with chromosomally normal
fetuses and not susceptible to any pregnancy-related diseases or conditions. This
selected group should comprise a sufficient number of women such that the average
amount or methylation profile of the genomie sequence of interest among these
women reflects, with reasonable accuracy, the corresponding profile in the general
population of healthy pregnant women with healthy fetuses. In addition, the selected
group of women generally has a similar gestational age to that of 2 woman whose
blood is tested for indication of a potential pregnancy-associated disorder. The
preferred gestational age for practicing the present invention may vary depends on the
disorder that is being screened for. For example, a pregnant woman is screened for
the risk of preeclampsia preferably during the second trimester of the pregnancy,
whereas fetal chromosomal aneuploidy is preferably screened for and diagnosed as
early as possible. Moreover, the preferred gestational age for testing may also depend

on the gene of interest in testing,.

[0068] The term "preeclampsia” as used herein refers to a condition that occurs
during pregnancy, the main symptom of which is various forms of high blood
pressure often accompanied by the presence of proteins in the urine and edema

(swelling). Preeclampsia, sometimes called toxemia of pregnancy, is related to a

21



001 0110102014 Mthlndx 0.90 1.00 1.00 40
0.98 1.00 0.98 0.98 1,00 0.98 1.00 0.95 1.00 0.98
0. 90 0+7 40 40 40 40 40 40 40 40 40

wd Q0423262 40 PCT/GR2007/001627

more serious disorder called "eclampsia," which is preeclampsia fogether with
seizures. These conditions usually develop during the second half of pregnancy (after
20 weeks), though they may develop shortly after birth or before 20 weeks of

pregoancy.
[0069] The term "preterm labor” or "premature labor" as used herein refers to the

condition where labor that begins more than three weeks before the full gestation
period of about 40 weeks, which often leads to premature birth if not treated.

[0070] The term "hyperemesis gravidarum" refers to exireme, persistent nausea
and vomiting during pregnancy, particularly during the first trimester. The nausea
and vomiting may lead to dehydration and prevent necessary weight gain for the
pregnancy.

[0071] An "ectopic pregnancy” refers to an abnormal pregnancy in which a
fertilized egg has implanted outside the uterus. Although in most cases of ectopic
pregnancy the egg settles in the fallopian tubes, this term also encompasses abnormal
pregnancies where the fertilized egg is implanted in a woman's ovary, abdomen, or

cervix.

DETAILED DESCRIPTION OF THE INVENTION
L Introeduction
[0072] The presence of fetal DNA 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 356:485-487, 1997). To date,
numerous potential clinical applications have been developed. In particular,
quantitative abnormalities of fetal DNA concentrations in maternal plasma have been
found to be associated with a number of pregnancy-associated disorders, including
preeclampsia, preterm labor, antepartum hemorrhage, invasive placentation, fetal
Down syndrome, and other fetal chromosomal aneuploidies. Hence, fetal DNA
analysis in maternal plasma has been suggested as a potential marker for the

monitoring of fetomaternal well-being.

[0073] 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 applicability of the existing assays to only 50% of
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all pregnancies, namely those with male fetuses. Thus, there is much need for the
development of gender-independent fetal DNA markers for maternal plasma

detection.

[0074] It was previously demonstrated that fetal and maternal DNA can be
distinguished by their differences in methylation status (U.S. Patent Application
Publication No. 20030044388). Methylation is an epigenetic phenomenon, which
refers to processes that alter a phenotype without involving changes in the DNA
sequence. By exploiting the difference in the DNA methylation status between the
paternally- and maternally-inherited alleles at H19, a locus exhibiting genomic
imprinting (differential methylation and hence differential expression of two alleles of
a single gene, related to the parental origin of a particular aliele), one (Y.M.D. Lo) of
the present inventors and his group first demonstrated the feasibility of using
epigenetic markers to detect fetal-derived maternally-inherited DNA sequence from
maternal plasma (Poon ef al., Clin. Chem. 48:35-41, 2002). Landes et al. have also
proposed the use of epigenetic markers for non-invasive prenatal diagnosis (U.S.
Patent Application Publication No. 20030211522).

[0075] The present inventors have recently demonstrated that placenta-derived
RNA can be detected in maternal plasma (Ng ef al., Proc. Natl. Acad. Sci. US4
100:4748-4753, 2003). On the other hand, it has been shown that plasma DNA in
normal individuals is predominantly derived from hematopoietic cells (Lui ef al.,
Clin. Chem. 48:421-427,2002). Thus, it has been hypothesized that the predominant
source of maternal DNA is derived from peripheral blood cells while the placenta is a
possible source of fetal DNA release into materpal plasma. Hence, one strategy for
the development of a generic fetal-specific DNA marker for detection in matemal
plasma is to identify a gene that is differentially methylated between the placenta and
the maternal peripheral blood celis.
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[0076] The present inventors demonstrated, for the first time, that a number of

genomic sequences located at specific genomic loci on chromosome 21 are
differentially methylated between the fetal DNA from the feius (e.g., from the
placenta) and the maternal DNA from the mother's peripheral blood cells. This
discovery thus provides a new approach for distinguishing fetal and maternal genomic

DNA and new methods for non-invasive prenatal diagnosis.

II. General Methodology

[0077] Practicing this inveniion utilizes routine techniques in the field of molecular
biology. Basic texts disclosing the general methods of use in this invention include
Sambrook and Russell, Molecular Cloning, A Laboratory Manual (3rd ed. 2001);
Kriegler, Gene Transfer and Expression: A4 Laboratory Manual (1990); and Current
Protocols in Molecular Biology (Ausubel ef al., eds., 1994)).

[0078] 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. sequénces. For proteins, sizes are
given in kilodaltons (kDa) or amino acid residue numbers. Protein sizes are estimated
from gel electrophoresié, from sequenced proteins, from derived amino acid

sequences, or from published protein sequences.

[0079] Oligonucleotides that are not commercially available can be chemically
synthesized, e.g., according to the solid phase phosphoramidite triester method first
described by Beaucage & Caruthers, Teirahedron Lett. 22: 1859-1862 (1981), using
an automated synthesizer, as described in Van Devanter ef. al., Nucleic Acids Res. 12:
6159-6168 (1984). Purification of oligonucleotides is performed using any art-
recognized strategy, e.g., native acrylamide gel electrophoresis or anion-exchange
high performance liquid chromatography (HPLC) as described in Pearson & Reanier,
J. Chrom. 255: 137-149 (1983).

[0080] The genomic sequences of the present invention, e.g., those located within
the CpG islands on chromosome 21 such as CGI137, PDESA, and CGI009, and the
polynucleotide sequence of synthetic oligonucleotides can be verified using, e.g., the
chain termination method for sequencing double-stranded templates of Wallace ef al.,
Gene 16: 21-26 (1981).
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IIL. Acquisition of Blood Samples and Exiraction of DNA

[0081] The present invention relates to analyzing the epigenetic status of 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 this invention are to obtain a blood sample from a pregnant woman
and extract DNA from the sample.

A, Acguisition of Blood Samples

[0082] A blood sample is obtained from a preghant wornan at a gestational age
suitable for testing using a method of the present invention. The suitable gestational
age may vary depending on the disorder tested, as discussed below. Collection 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.

B. Preparation of Blood Samples
[0083] The analysis of fetal DNA found in maternal blood according to the present

invention 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 specialized commercial product such as Vacutainer SST
(Becton Dickinson, Franklin Lakes, NJ) 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 clotting. If
centrifugation is used then it is typically, though not exclusively, conducted at an
appropriate speed, e.g., 1,500-3,000 x g. Plasma or serum may be subjected to
additional centrifugation steps before being transferred to a fresh tube for DNA

exiraction.

[0084] In addition fo 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.
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C. Exiraction of DNA
[0085] 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 QiaAmp DNA
Mini Xit or QiaAmp DNA Blood Mini Kit (Qiagen, Hilden, Germany),
GenomicPrep™ Blood DNA Isolation Kit (Promega, Madison, WI), and GFX™
Genomic Blood DNA. Purification Kit (Amersham, Piscataway, NT), may also be used
fo obtain DNA from a blood sample from a pregnant woman. Combinations of more

than one of these methods may also be used.

Iv. Methylation-Specific Chemical Modification of DNA

[0086] Upon being extracted from a blood sample of a pregnant woman, the DNA
1s treated with a reagent capable of chemically modifying DNA in a methylation
differential manner, i.e., different and distinguishable chemical structures will result
from a methylated cytosine (C) residue and an unmethylated C residue following the
treatment. Typically, such a reagent reacts with the unmethylated C residue(s) ina
DNA molecule and converts each unmethylated C residue to a uracil (U) residue,
whereas the methylated C residues remain unchanged. This C — U conversion
allows detection and comparison of methylation status based on changes in the
primary sequence of the nucleic acid. An exemplary reagent suitable for this purpose
is bisulfite, such as sodim bisulfite. Methods for using bisulfite for chemical
modification of DNA are well known in the art (see, e.g., Herman ef al., Proc. Natl.
Acad. Sci. USA 93:9821-9826, 1996) and will not be discussed in detail here.

0087} As a skilled artisan will recognize, any other reagents that are yvnnamed here
but have the same property of chemically (or through any other mechanism)
modifying methylated and unmethylated DNA differentially can be used for
practicing the present invention. For instance, methylation-specific modification of
DNA may also be accomplished by methylation-sensitive restriction enzymes, some
of which typically cleave an unmethylated DNA fragment but not a methylated DNA
fragment, while others (e.g., methylation-dependent endonuclease McrBC) cleave
DNA containing methylated cytosines but not unmethylated DNA. In addition, a
combination of chemical modification and restriction enzyme treatment, e.g.,
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combined bisulfite restriction analysis (COBRA), may be used for practicing the

present invention,

V. Polynucleotide Sequence Amplification and Determination

[0088] Following the chemical modification of DNA in a methylation-differential
manner, the treated DNA is then subjected to sequence-based analysis, such that one
or more of the genomic sequences of the present invention (e.g., those located within
the CpG islands on chromosome 21 such as CGI137, PDESA, and CGI009) from the
fetal DNA may be distinguished from their counterparts from the maternal DNA, and
that fetal genomic sequence methylation profile may be determined and compared to a
standard control. Furthermore, once it is determined that one particular genomic
sequence of fetal origin is hypermethylated or hypomethylated compared to the
maternal counterpart, the amount of this fetal genomic sequence can be determined
based on its specific methylation status. Subsequently, this amount can be compared
to a standard control value and serve as an indication for the potential of certain

pregnancy-associated disorder.

A. Amplification of Nucleotide Sequences
[0089] An amplification reaction is optional prior to sequence analysis for &
genomic sequence after methylation specific modification. In some embodiments of
this invention, the amplification is performed to preferentially amplify a CpG-
containing genomic sequence on chromosome 21 that has a particular methylation
paitern, such that only the genomic sequence from one particular source, e.g., from

the placenta or other tissues of the fetus, is detected and analyzed.

[0090] 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 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

Systems.

[0091] 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
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denaturing region, a primer amnealing region, and an extension reaction region
automatically. Machines specifically adapted for this purpose are commercially

available.

[0092] Although PCR amplification of a target polynucleotide sequence (e.g., a
CpG-containing genomic sequence on chromosome 21 where the fetal and maternal
sequence is differentially methylated) is typically used in practicing the present
invention, 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 (L.CR), franscription-mediated amplification,
and self-sustained sequence replication or nucleic acid sequence-based amplification
(NASBA), each of which provides sufficient amplification. More recently developed
branched-DNA technology may also be used to qualitatively demonstrate the presence
of a particular genomic sequence of this invention, which represents a particular
methylation patiern, or to quantitatively determine the amount of this particular
genomic sequence in the maternal blood. Fora review of branched-DNA signal
amplification for direct quantitation of nucleic acid sequences in clinical samples, see
Nolte, 4dv. Clin. Chem. 33:201-235, 1998.

B. Determination: of Polynucleotide Sequences

[0093] Techniques for polynucleotide sequence determination 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 molecular biology and recombinant genetics,
such as Wallace et ol., 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 invention. Additional means
suitable for detecting changes (e.g., C — U) in a polynucleotide sequence for
practicing the methods of the present invention include but are not limited to mass
spectrometry, primer extension, polynucleotide hybridization, real-time PCR, and

electrophoresis.

VL Establishing a Standard Control
[0094] In order to establish a standard conirol for practicing the method of this
invention, a group of healthy pregnant women carrying healthy fetuses are first
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not limited to monitoring blood pressure of the women, recording the onset of labor,

and conducting fetal genetic analysis using CVS and amniocentesis.

[0096] Furthermore, the selected group of healthy pregnant women carrying healthy
fetuses must be of a reasonable size, such that the average amount of a genomic
sequence of this invention that originated from the fetus in the maternal blood or the
methylation profile of the fetal genomic sequence in the maternal blood obtained from
the group can be reasonably regarded as representative of the normal or average
amount or methylation profile among the general population of healthy women

carrying healthy fetuses. Preferably, the selected group comprises at least 10 women.

[0097] A standard control for a fetal genomic sequence methylation profile may
reflect multiple different and separable aspects of the methylation status of 1_:his
particular genomic sequence. For example, one aspect of a methylation profile is
whether any given C residue is methylated or not; another aspect is the number of
methylated C bases within a particular genomic sequence; a further aspect of the
profile is the percentage(s) of methylated C at any given locations. Additional aspects
of a methylation profile may include, but are not limited to, the allelic difference in
methylation, the ratio of differentially methylated alleles, and the like. Fetal genomic
sequence methylation profile may also vary depending on the tissue type, e.g.,
placentzl or other fetal tissue. Thus, separate standard controls may be established for
different fetal tissues used in testing.

[0098] Once an average level or methylation profile is established for a particular
fetal genomic sequence present in the maternal blood based on the individual values
found in each woman of the selected healthy control group, this average or median or
representative value or profile is considered a standard control. Any blood sample

that contains a similar amount of the fetal genomic sequence or a similar methylation
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profile of the fetal genomic sequence can thus be used as a standard control.
Furthermore, a solution containing a genomic DNA sequence in the average or

median or representative amount or of the average or median or representative
methylation profile can also be artificially assembled and serve as a standard control.

In addition, separate standard controls may also be established for different aspects of
the methylation profile of a genomic sequence of the fetal origin.

EXAMPLES
[0099] The following examples are provided by way of illustration only and not by
way of limitation. Those of skill in the art will readily recognize a variety of non-
critical parameters that could be changed or modified to yield essentially the same or

3

similar results.

Example 1
[0100] We aimed to identify epigenetic markers that are fetal-specific in maternal
blood. Previous data suggest that fetal DNA molecules in maternal plasma are
predominantly derived from the placenta (Chim ef al., Proc Nati Acad Sci US 4.,
102:14753-14758; Masuzaki ef al., J Med Gener 41, 289-292, 2004; Flori ef al., Hum
Reprod 19, 723-724, 2004), while the background DNA in maternal plasma may
_originate from maternal blood cells (Lui ef al., Clin Chem 48, 421-427, 2002). Hence,
to identify fetal epigenetic markers, the methylation profiles of genetic loci were
assessed in both placental tissues and maternal blood cells with an aim to identify loci
that demonstrate differential methylation between the two tissve types. Such markers
can be used for prenatal diagnosis and monitoring of pregnancy-related conditions.

MATERIALS AND METHODS

[0101] Identification of CpG-containing genomic sequences DNA methylation
refers to the addifion of a methyl group to the fifth carbon position of cytosine
residues in CpG dinucleotides. Clusters of such CpG dinucleotides on chromosome
21q were computationally identified through the Genome Browser of the UCSC

Genome Bioinformatics Site (genome.ucsc.edu/cgi-bin/hgGateway) (Yamada ef ol
Genome Res 14, 247-266, 2004). The CpG sites were further subselected based on
the criteria: a stretch of DNA sequence of at least 400 bp in length with a minimat
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three PCRs, namely regions A, B and C. Primers were designed not o bind to any
potentially methylated cytosine residues. These primers are shown by way of
illustration and should not be seen to limit the range of primers which can be used for
this purpose. Reagents supplied in the TagMan PCR Core Reagent Kit (Applied
Biosystems, Foster City, CA) were used. Reagent compositions for each PCR are
detailed in Table 1. Typically, PCRs were performed in a final reaction volume of 25
ul, with MgCl,, primers, TaqGold, 1X Buffer II, 200 uM of each ANTP, with or
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without dimethylsulfoxide (DMSO) or betaine. The thermal profile consisted of an
initial denaturation step of 95°C for 10 min followed by 40 cycles of 95°C for 1 min, a
range of annealing temperatures between 55 to 65 °C for 1 min (Table 1), 72°C for 1
min, and a final extension of 72°C for 10 min. To analyze methylation status at the
resolution of a single molecule, the PCR product was TA-cloned into a plasmid vector
using the pGEM-T Easy Vector System (Promega, Madison, WI). Thé inserts from
the positive recombinant clones were analyzed by cycle sequencing using the BigDye
Terminator Cycle Sequencing v1.1 kit (Applied Biosystes) as per the
manufacturer’s instructions. After purification by genCLEAN columns (Genetix), 8
ul! of the samples were added to 12 pl of Hi-Di formamide and run on a 3106 DNA
Analyzer (Applied Biosystems).
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ylated if it was occupied by a thymine residue
(deoxy counterpart of uracil). The proportion of methylated cytosine residue for each CpG
site was determined among the placental tissues as well as the maternal blood samples. The
distribution of methylated and unmethylated cytosines was compared between the placental
tissues and matemal buffy coat for each CpG site by chi-square analysis. P-value of <0.05 is
considered as statistically significantly different. Statistical analysis was performed using the

Sigma Stat 3.0 software (SPSS).

RESULTS AND DISCUSSION

[0105] Among the CpG-containing genomic sequences identified from the computational
search, 13 loci were the focus of the present investigation. The names, chromosomal location
and GenBank Accession numbers of these loci are listed in Table 1. For each of the studied

loci, bisulfite sequencing was performed on placental tissues and maternal blood cells.

[0106] CGI137 The methylation profile of CGI137 was studied among placental tissues
and the corresponding maternal blood cells collected from 5 third-trimester pregnancies. The
bisulfite sequencing data for regions A and B of all the 5 cases are shown in Figures 1A and
1B, respectively. Each row in the respective panels represents the bisulfite sequencing result
for one clone while each column represents an individual CpG dinucleotide within the
genomic sequence. The proportion of methylated clones among all of the sequenced clones,
the methylation index, at each CpG site was determined for all 5 placental tissue and maternal
blood cell samples. The data are summarized in Figures 2A and 2B. Ht can be seen that the
placenta is hypomethylated compared with maternal blood cells. Chi-square analysis was
performed to compare the distribution of methylated and unmethylated clones between the
placental tissues and maternal blood cells at each CpG site. The differences in the
methylation indices between the placenta and maternal blood cells are statistically significant
for all 21 CpG sites (Chi-square, P<0.0001, Tables 2A and 2B).

35



[ BulcnatC 60 55 60 61 60 59 61 61 62 67 T27
2124111 06 Methltnix 0.97 0.89 0.97 0.93 0.97
094 0.95 0.98 1.00 0.92 C+T 62 62 62 62 62162 62 EQ

w8 2009432167 PCT/GB2007/001627
Table 2A. Summary of bisulfite sequencing data and chi-square analysis comparing the
methylation profile of the placental tissues and maternal blood cells at the individaal
CpG sites within CGI137 Region A. The individual CpG sites are designated by their
nucleotide positions relative to chr21: 46,249,636 (+1) of the Human May 2004 (hgl7)
assembly of the UCSC Genome Browser.
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Table 2B. Summary of bisulfite sequencing data and chi-square analysis comparing the
methylation profile of the placenial tissues and maternal blood cells at the individual
CpG sites within CGI137 Region B. The individual CpG sites are designated by their
nucleotide positions relative to chr21: 46,249,636 (+1) of the Human May 2004 (hgl7)
assembly of the UCSC Genome Browser.
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[0107] Phosphodiesterase 94 (PDE94) The methylation profile of PDE94 was studied
among placental tissues and the corresponding maternal blood cells collected from 5 third-
irimester and 5 first-trimester pregnancies. Cloning and bisulfite sequencing were performed
and the methylation indices of the studied Cp@ sites in the placental tissues and maternal
blood cells for the region A amplicon ar¢ summarized in Figures 3A and 3B. The
corresponding data for region B are summarized in Figures 3C and 3D. Comparisons
between third-trimester placental tissues and maternal blood cells for region C are shown in
Figure 3E. In general, the placenia is hypomethylated when compared to maternal blood
cells. Chi-square analysis was performed as described above to assess for statistically
significant differences between the two tissues. All but CpG2250 in the third-trimester
comparison are statistically significantly different in both the first- and third-trimester
pregnancies (Chi-square analysis, Tables 3A to E).
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Table 3B. Summary of bisulfite sequencing data, methylation indices and chi-square
analysis comparing the methylation profile of first-trimester placental fissues and
maternal blood cells at the individual CpG sites within PDE94 region A. The individual
CpG sites are designated by their nucleotide positions relative to the reverse strand of chr21:
42,978,424 (+1) of the Human May 2004 (hgl7) assembly of the UCSC Genome Browser.
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Table 3C. Summary of bisulfite sequencing data, methylation indices and chi-square
analysis comparing the methylation profile of third-trimester placental tissues and
maternal blood cells at the individual CpG sites within PDE9A region B. The individual

5  CpG sites are designated by their nucleotide positions relative to chr21: 42,978,718 (+1) of
the Human May 2004 (hgl7) assembly of the UCSC Genome Browser.
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Table 3E. Summary of bisulfite sequencing data, methylation indices and chi-square
analysis comparing the methylation profile of third-trimester placental tissaes and
maternal blood cells at the individual CpG sites within PDE9A region C. The individual
CpG sites are designated by their nucleotide positions relative to chr21: 42,978,005 (+1) of
the Human May 2004 (hg17) assembly of the UCSC Genome Browser.
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[0108] Homo sapiens protein phosphatase 1, regulatory (inhibitor) subunit 2 pseudogene
2 (PPPIR2P2) The methylation profile of PPP]R2P2 region A was studied among placental
tissues and the corresponding maternal blood cells collected from 5 third-trimester and 5
first-irimester pregnancies. Cloning and bisulfite sequencing were performed and the
methylation indices of the studied CpG sites for region A in the placental tissues and
maternal blood cells are summarized in Figures 4A and 4B. In general, the placenta is
hypomethylated when compared to maternal blood cells. Chi-square analysis was performed
as described above to assess for statistically significant differences between the two tissues.
Amohg the studied CpG sites, 23 are statistically significantly different in the third-trimester
pregnancies and 23 are statistically significantly different in the first-trimester pregnancies
(Chi-square analysis, Tables 4A and 4B). In addition, the methylation profile of the CpG
sites in PPPIR2P2 region B were also analysed by cloning and bisulfite sequencing in
placental tissues and the corresponding maternal blood cells collected from 3 third-trimester
pregnancics. For most CpG sites in region B, the placental tissue is hypomethylated
compared to the maternal blood cells. The methylation indices in region B are summarized in
Figures 4C. Chi-square analysis was performed as described above to assess for statistically
significant differences between the two tissues. Among the 12 studied CpG sites, 5 are
statisticaily significantly different (Chi-square analysis, Tables 4C).

41



10

15

1921 27 21 22 32 0.796 64 0.77670.6481 54-1 0.6111
64 0.5 54 0.6111 54 0.5926 54 0.4074 64
5.697 8.745 20.693 17.899 24.415 16.482 26.173 33. 14

03 =.40.0011r..40. 001 cO.001 0.0011= I
Waz%ﬁ‘?é%ﬁp 10 15 WO 2007/ 132167PCT/ GBZOO%%%%%’

Tabl e 4C. Summary of bisulfite sequenci ng data,

hyl ati on i ndices and chi-square anal ysis conparing
Tab{?ﬁ‘é* #EPHW‘?(N &#"Hifsml@n@ﬂg fiptas meghylation ipdicps av:bdn—ah]uare

anal%g§§diﬁ ﬂ@tﬂ%&ﬁ PPI lgéﬂgﬁe G- %[méfge% plgcg‘,ln 158 and

es Wwthin reglion
matergal kiped cellyag thicliyiduad €pB siteh wiithim REPERZPZiregion A. The

i) s S St e ™

36, liEﬁ 485 ) of the Hethah MugQBID(hg17) assembly of the UCSC Genome Browser,

42

m of [ g o L ag n o o [-~] ‘w1 o I"-g @« -] P
[>-3 = ~— g o [ &
% [ g8 8/8 |8/ 5|8 |8 (E|E|E 518 %
g1 &l &l lglslsiglslelelelsglal d
e d aden
Buffy coaf iC 1 j‘__wﬁ_'l_ 1] 8 B3 54 62 B2 B2 [+11] &3 kg M 52 58
o ‘L e .hul___'_hj___h*;m ”xt 2 ] 1] 0 Z 1] 2 2 5 8 3 4
Melhlnde | 05 JHU.BB 057 94 097 1087 ¢ 100 100 | o4 100 0‘93 097 052 057 085 EF_j.!iﬂ_
CoT 62 B2 52 B2 &2 B2 &2 B2 £2 B2 B2 52 62 52 62 %]
Placguta IC [ 7 &1 N 4B 4B [1i] 5 34 5] 7] 43 s % 36 27
T 18 15 1 18 8 16 73 17 ] 209 0 19 £ F-] 26 =
Methinds 0.74 076 098 (87671 07 10751 085 673 055 053 0.52 083 § 037 055 158 .44
CaT 52 52 7] B2 b2 52 _ [7] 52 7] ] 7] 62 €2 G2 B2 B2
ChiSruare; 13381 | 12427 {L1ME-14I6215] 10983 |7652] 2450 T7A51 { 27482 1 35057 | 30705 | 14675 | 38383 | 1174 21784 | 33685
_Jp—wlue ‘;-cll.lumgcil.ﬂﬁ‘! 1000 10018 j=<0.001] 5,112 =)0 j=<f004 (=l (01 =<0 G0 |=<B.001 j=<t.00% we (LA fw<l.0B] $wc}, 504 [me 0D
T8l glgl8| g iz |g|lege |t
5|5 | &5 8|5 | B (8|8 |8 |8
51 &l & lg|glsle|lsgi&| &
Bufiy coat |C B0 3 &0 61 =] &8 B1 53 57
i 2 7 2 i 2 4 1 1 8] 5
IMethindx 0.97 ; 9.88 097 [ 098 )0N97 0.94 0.98 0.98 1.00 0.92
C+7 62 B2 B2 62 B2 B2 B2
Placenta |C 42 A4 44 48 51 88 IF 28 5 33
T 13 18 18 13 11 3 25 33 23 29
Methindx 0.79 | 0.71 0.7 5.79 | 092 0.95 3,61 0.47 0.53 053
C+T 62 B2 B2 B2 B2 62 62
Chi-Seuare | 75841 5.01 | 13.413 [8.743] 55 M.3BE-14| F5744 | 380942 | B BB 21.{_3?_
pvalue 0.006 | 0.025 |=<6.001]0.802 | 0015] 1.000 |=<0.001]=<0.007 [=<0001 =<} G



10

15

1/585(13 I csusd31 ZLOOE13 L8139d3 z69g9d3 nodp stoda
1569d0 nob stastia Maternal
39 36 36 38293027 T98021442 11 10 38 33

weSo i B8 01

Bully Coat C 31 32 40 38

78 0.80 1.00 0.95 028 0.90 0.90
13 CT 40 40 40 40 40 40 40 40

2’8%&;(#2(&03%01627

Table 4B. Summary of bisulfite sequencing data, methylation indices and chi-square

analysis comparing the methylation profile of firsi-trimester placental tissues and

maternal blood cells at the individual CpG sites within PPPIR2P2 region A. The

individual CpG sites are designated by their nucleotide positions relative to chr21:
36,180,493 (+1) of the Human May 2004 (bg17) assembly of the UCSC Genome Browser.
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Table 4C. Summary of bisulfite sequencing data, methylation indices and chi-square
analysis comparing the methylation profile of first-trimester placental tissues and
maternal blood cells at the individual CpG sites within PPPIR2P2 region B. The
individual CpG sites are designated by their nucleotide positions relative to chr21:
36,180,493 (+1) of the Human May 2004 (bg17) assembly of the UCSC Genome Browser.

2 & I3 & = & =R R = B R

g | O ] = 9] (5] O | & | O O | o4

Matemal Bulfy Coat C 31 32 | 401 38 35 3B ¥ | 3B 29 an 2z 7
T T 9 | 68 10 1 I 4 |2 | 11 [ 16 [ 38 33
Nethlndx | 0,78 | 080 {100 { D95 [ DSB8 050 [090 09 0731075 |0805]|018

C+T 40 40 40 40 40 4G 40 A0 40 40 a0 40

Placenta - C 31 an | 33 28 25 18 H 7 24 24 0 10
T g 10 7 12 14 21 8 13 16 16 A0 30

Methindx  0.78 | D75 1083 [ 070 | DBS 048 078 1068 | GHD (D60 { 0.00 | 025

Cs+T L] 40 a0 40 40 A 40 40 40 40 40 40
chisguare{ 0072|0072 16636 |7.0131 11.815 | 14895 [1.470158.205|0.894 | 1.425 {0,513 | 0.269
pwaiue | Q759 ]0.780 | 0.048 | 0.008 [=<0.001 [=<0.001| 0.225 ; 0.004 | 0.344 | 8.233 | 0.474 | 0.585

[0109]  Similarity to FemnlA (Caenorhabditis élegans (C. elegans}) The methylation
profile of Similarity to FemiA (C. elegans) was studied among placental tissues and the
corresponding maternal blood celis collected from 5 third-trimester pregnancies. Cloning and
bisulfite sequencing were performed and the methylation indices of the studied CpG sites in
the placental tissues and maternal blood cells are summarized in Figures 5A and 5B for
regions A and B, respectively. In general, the placenta is hypomethylated when compared to
maternal blood cells. Chi-square analysis was performed as described above to assess for
statistically significant differences between the two tissues. Among the studied CpG sites, 8
are statistically significantly different in region A and 7 are statistically significanily different
in region B (Chi-square analysis, Tables 5A and 5B).
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region A. The individual CpG sites are desi gnat ed by

their nucleotide positions relative to 5 chr21:

14,056, 070 (+1) of the Human May 2004 (hgl7) assenbly
Table Bt Srenin@S§CrUdsmdfite seqoewing dateoméethyRtion indices and chi-square

analysis comparing the methylation profile of third-trimester piacental tissues and
maternal blood cells at the individual CpG sites within Similarity to FemlA (C. elegans)
region B. The individual CpG sites are designated by their nucleotide positions relative to
chr21: 14,056,070 (+1) of the Human May 2004 (hg17) assembly of the UCSC Genome

Browser.
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Pl acneta C8
[0110] CGI009 The methylation profiles of CGI009 from 2 maternal blood cell samples

were compared with those of 2 first-trimester and 2 third-trimester placental tissue samples
collected from normal pregnancies as well as 2 first-trimester placental tissue samples from
pregnancies where the fetus had trisomy 21. Cloning and bisulfite sequencing were
performed and the methylation indices of the studied CpG sites in the placental tissues and

maternal blood cells are summarized in Figure 6. In general, the placenta is hypermethylated
when compared to maternal blood cells.

[0111] Carbonyl reductase 1(CBRI) The profiles of CBR/ from 2 maternal blood cell

samples were compared with those of 2 firsi-trimester placental tissue samples collected from

normal pregnancies as well as 2 first-trimester placental tissue samples from pregnancies
where the fetus had trisomy 21. Cloning and bisulfite sequencing were performed and the
methylation indices of the studied CpG sites in the placental tissues and maternal blood cells
are summarized in Figure 7. In general, the placenta is hypermethylated when compared fo
maternal blood cells. Among the 20 studied CpG sites, all are statistically significantly
different between the maternal blood cells and first-trimester placéntal tissues of both normal
and trisomy 21 pregnancies (Chi-square analysis, Table 6).

Table 6. Summary of bisulfite sequencing data, methylation indices and chi-square
analysis comparing the methylation profile of normal and trisomy 21 first-trimester
placental tissues and maternal blood cells at the individual CpG sites within CBEI. The
individual Cp@G sites are designated By their nucleotide positions relative to chr21:
36,363,538 (+1) of the Human May 2004 (hg17) assembly of the UCSC Genome Browser.

= o -3 =] @ w L] M~ [l -~ -3 o w = ~ b of Lx) m

Cpa - 3 £ o 3 8 b -3 5 &8 & ] 8 e & 5 a 3 &

Matemal butty coat #o 3] 0 0 1] 2} o ] [H o ¢ o [ ¢ [+] s} 0 o ¢ 1
#T 28 28 28 28 28 28 28 28 28 28 28 28 28 28 26 28 28 28 ar

1st trimester T21 placents i 11 11 ] & 6 7 7 5 0 -] 7 10 8 8 7 B 8 7 T
#T 18 15 17 18 26 18 19 2{ 16 18 19 16 18 20 i8 18 18 19 19

45t normal placentz #C & il -] 7 8 7 -] 7 B [ 7 8 a8 8 8 7 T ] 5

#r 14 14 16 15 14 15 14 15 14 i6 % 18 14 14 14 15 18 16 17

1sttrimestar T21 placenta v matamal blood cells

chbsquare 12.363 12.383 9272 7HZ2 512 6439 6439 3.866 10797 7.823 5489 10791 7.4823 512 6438 7.823 7.823 6489 4122
Pyvaive <0001 <0.001 0002 0005 0024 0011 0011 0049 0001 0005 6011 0001 0005 0.024 0.011 0405 0005 0.0%1 0.042

s mat | biood celis

chi-square 9567 9567 6287 7V.B85 9567 7.885 0567 7.885 9.567 6.287 7.8B5 G207 9467 9567 9567 7v.ash 7.885 5287 2699
Pvalue 0002 0002 0012 D005 0002 6605 0002 0005 0002 0012 0805 002 0002 0063 0002 0005 4.005 0012 0408

Methylation indax

- w = ] w
1t trimester normal placents 0.3536 0,3636 0.2727 0.3162 1.2636 0.3982 0.3636 0.3182 0.3636 02727 0.3182 02727 0.3635 0.3535 0,383 03182 03102 0.2727 0.2273 0.3636

=
= b 2

-] @ w @ ~ ~ 3
o~ ] % )
3 - 8 o 3

=3 -3 w o ~ 3 o o [:3
@ o -] =] - - [ o «
o L3 w g [ 23 -] o 3 & @ o

Mo B

B

g

6438
0011

9.567
0.002

T
3

1st tdmoster T21 placenta 0.4231 04231 0.8462 0,2077 0.2308 02692 0.2692 0.1928 03846 0.8077 02692 0.3B46 0,3077 02308 0.2692 0.3077 0.3077 0.2692 0.2692 0.2692

1st frimester maternal blood cejls 0 [1} 0 1] [ Q 0 [/ 1} [ [ o 4 [+

0 0 0 D D0.035

46

[}



10

24 17 14 13 16 16 18 T36 20 27 30 31 28 28 26
Met hl ndx0. 18 0.55 0.39 0.32 0.30 0.36 0.36 0.41
Chi -square4l1.1 23. 359 24.104 35.799 38.012 31.609

wo 6p09/43244: 893 P-val ueP=<0. 001 P.=.<0.001 P=sR-1R%bo07/001627
P=<0. 001 P=<0.001 P=<0.001 P=<0.001 Pr-<0.001 10

Table SIB. Summary of bisulfite sequencing data,

nmet hyl ati on indi ces and chi-square anal ysis conpari ng

the nethylation prorde of third-trinester placental

ti ssues and naternal blood cells at the individua
[011200 Bosiird spRdmsinertietl aBhesidremvlesule (DFEAM). Tie ra¢tbylatier profiles of

ion B. The jindividua G sites ar Sj :

DSCAEBp sl Plagd pib bl v o ¥ b ERRE  PtRcbstr
and 2 MrdBEn B pladehtal Glssus Rempleneniedlay idB0dbriklpreghancies as well as 2

assenbl y o? t he UCSC Genone 15 Browser OJh N.CD 0
first-tgmesjen placental tissue samples from pregnancies whete the fetus had trisomy 21.
Cloning and bisulfite sequencing were performed and the methylation indices of the studied
CpG sites in the placental tissues and maternal blood cells are summarized in Figure 8. In
general, the placenta is hypermethylated when compared to maternal blood cells, Among the
27 studied CpG sites, all are statistically significantly different between the maternal blood
cells and first-trimesier placental tissues of both normal and trisomy 21 pregnancies (Chi-

square analysis, Table 7).
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Table 7. Summary of bisulfite sequencing data, methylation indices and chi-square

analysis comparing the methylation profiles of normal and trisomy 21 first-trimesier

placental tissues and maternal blood cells at the individual CpG sites within DSCAM.

The individual CpG sites are designated by their nucleotide positions relative to chr21:

5 41,139,872 (+1) of the Human May 2004 (hg17) assembly of the UCSC Genome Browser.
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10 [0113] Chromosome 21 open reading frame 29 (C21 orf29) The methylation profiles of

C210rf29 from 2 maternal blood cell samples were compared with those of 1 first-trimester

931

Bre oo

=y
==

6.583
001

0089
0.843

14.652
<0.001

-
o
o

03883
06428
0.0833
a.c285

and 2 third-trimester placental tissue samples collected from normal pregnancies as well as 2

first-trimester placental tissue samples from pregnancies where the fetus had trisomy 21.

Cloning and bisulfite sequencing were performed and the methylation indices of the studied

15 CpG sites in the placental tissues and maternal blood cells are summarized in Figure 9. In

general, the placenta is hypermethylated when compared to maternal blood cells. Among the
16 studied CpG sites, all, 9 and 10 sites are statistically significantly different between the

maternal blood cells and first-trimester placental tissues of trisomy 21 pregnancies, first-

trimester and third-trimester placental tissues of normal pregnancies, respectively (Chi-

20 square analysis, Table §).
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Table 8. Summary of bisulfite sequencing data, methylation indices and chi-square
analysis comparing the methylation profile of normal and {risomy 21 first-trimester
placenta] tissues and maternal blood cells at the individual CpG sites within C210r/29.
The individual CpG sites are designated by their nucleotide positions relative to chr21;

5 44,953,288 (+1) of the Human May 2004 (hg17) assembly of the UCSC Genome Browser.

]
& %8 § & B 5 § 8§ & g & & 8 8§ § &
1st trimester normal placenta #C 5 4 8 4 B8 4 3 % 1 4 3 1 1 2 3
#T 3 4 2 4 a 4 5 7 7 4 5 7 7 5} ]
1sttritmestor T21 placenta #C 9 10 9 B 12 10 11 12 7 12 12 11 7 8 B
*T 7 ] 7 1" 4 4 8 4 4 5 g 8
3rd trimester nomal placenta  #C 5 & 4 2 13 4 14 T 8 11 & 2 1 2 1
#T 17 16 18 20 8 8 8 15 14 11 17 20 1 i} 21
1st trimaster matemnal blood cells#C 0 1 o 1 2 1 2 2 1 2 o t 2 1 0
#r 24 23 24 23 2z 23 29 22 23 22 24 a3 z2 23 24

tst frimester normal placenta vs 1st trimester materna! blood celis
Chi-square 133531 6.4000 17.5043 6.4000 19,3939 64000 10940 0.1226 NA 43761 60077 N/A ¢.1226 13024 §0077 N/A
p-value 00003 09174 0.0000 00114 00000 0.0114 02956 0.7262 N/A 0.0364 0.0142 NFA 0,7262 0.2935 00142 N/A

1st trimestar T21 plaenia vs 1st trimester matenral biood calls

Chi-square 143429 13,589 143429 3.502% 159386 13.50% 10954 45938 70888 165938 22387 168.116 5.0230 9086 12038
p-value 0.00015 0.0002 000015 ©.0577 B6.5E-05 0.0002 0.0D0g 7E-05 0.0078 7E-05 2E06 6E-05 0.025 0.0026 0.0005

3rd trimester normal placenta vs ‘st trimester matemal blood colls

Chi-square 3.99865 3.1277 276351 0.9579 11.24561 1.1054 10781 266B8 56535 7.8813 3.0087 0.9379 0.00681 0©.0081 0.0018

p-vaiue 0.04554 0.077 0.09644 0.0061 0.0008 02937 0001 01023 00174 0005 0.0455 00061 0.9378 09370 0.6649

o o o wn @ -~ ~ ~ @ o o & o ey o

Methylation Index e 8 § & 8 8§ § & 8 g % &€ & § § =

10

15

1st trimester normal placents  0,6250 BA000 07500 05000 10063 C.5000 03750 01250 0,250 ¢.5000 0.3750 0.1250 0.1250 0.2500 03750
1sttrlmest9rT21 pla.cema 05625 0.8250 0.5825 023125 0.7500 06250 0.66875 07500 0.4375 0.7500 0.7500 0.6875 04376 0.5000 0.5000
3rd ] A 02273 02727 01818 0.0003 0.5903 0.1816 0.6364 03182 0.3636 (.5000 0.2273 0.0909 D0.0455 00909 00455

4st trimesier maternal mnod cells 00000 0.0417 ©0000 0.0417 00833 0.0417 0.1250 G.0833 0.0417 00833 0.0600 0.0417 00833 0.0417 0000

[0114] Genetic loci that showed no differential methylation pattern between placental
tissues and maternal blood cells Differential methylation between placental tissues and
maternal blood cells was not universally observed for all studied loci. The methylation
profile of CGI111 was studied among placental tissues and the corresponding maternal blood
cells collected from 4 third-trimester pregnancies. Cloning and bisulfite sequencing were
performed and the results are shown in Figure 10. Clones from both the maternal blood cells

and placental tissues were predominantly unmethylated.
[0115] Similarly, the methylﬁtion profile between maternal blood cells and placental tissues

of 5 third-trimester pregnancies were not significantly different for CGI121 except at the
CpG site 1603 (Figure 11 and Table 9).
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those that are maternally-derived in maternal blood, assays should target the detection of the

placental-specific epigenetic form of each differentially methylated locus. An assay has been
developed to target the placental-specific form of CGI137 (Figure 1), namely the

unmethylated molecules, and assessed its specificity.

MATERIALS AND METHODS

[0118] Sample processing and DNA extraction. A third-trimester placental tissue sample
and corresponding maternal blood sample were collected from a subject undergoing delivery
by elective cesarean section. Maternal blood (10 mL) was collected into EDTA tubes prior to
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as well as after the delivery. The blood samples were centrifuged at 1600 x g for 10 min at 4
°C. The buffy coat portion was obtained after careful removal of plasma and stored
separately at —20 "C. The plasma was further centrifuged at 16,000 x g for 10 min and 1.6 mL
plasma was transferred to clean polypropylene tubes with care not to disturb the underlying
cell pellet. Placental tissue biopsies were rinsed in phosphate buffered saline and stored in
plain polypropylene tubes at —80 °C. DNA was extracted from the placental tissues using the
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). DNA from the maternal plasma and
buffy coat was extracted by the QlAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. For each placental and buffy coat DNA sample,
1 pg DNA was subjected to bisulfite conversion, which converts unmethylated cytosine
residues to uracil but leaves methylated cytosine residues unchanged, by the Methylamp™
DNA Modification Kit (Epigentek Inc., New York, NY) according to manufacturer’s
instructions. DNA extracted from 1.6 mL plasma was also subjected to bisulfite conversion.
Additional aliquots of mixed bisulfite-converted DNA were also prepared comprised of
mixtures of the buffy coat and placental DNA preparations in the ratios of 95:5,

[0119] Homogeneous MassEXTEND assay As placental tissues are hypomethylated with
respect to maternal blood cells at CGI137 (Figures 1 and 2), an assay targeting the detection
of the unmethylated form of CGI137 was designed. The assay is based on the MassARRAY
(Sequenom, San Diego, CA) platform. Methylation specific primers are designed for the
specific amplification of the unmethylated form of CGI137. An illustration of the location of
the primers is shown in Figure 12 and the primer sequences are listed in Table 10. The
forward primer spans the CpG sites 472, 477, 481 and 486. The reverse primer spans the
CpG sites 553 and 561, The amplicon spans between coordinates: 2742998-2743130 for the
GenBank Accession: NT 011515, A primer extension assay (Figure 12) based on the
homogeneous MassEXTEND (hME) protocol is designed fo interrogate the methylation
status of the CpG site 541. Basically, the primer extension primer spans up to the nucleotide
3° to the Cp@G site 541 (Table 10). An unmethylated molecule would be extended by one
nucleotide with the incorporation of a dd(2’°,3’-dideoxynucleoside) ATP, while a methylated
molecule would be extended by two nucleotides with the incorporation of a dGTP followed
by a ddATP. The unmethylated and methylated molecules are subsequently detected and
resolved by their mass differences on a MassARRAY™ Analyzer Compact (Sequenom)

mass spectrometry.
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Table 10. Primer sequences of the hME assay targeting the unmethylated form of
CGI137.

Primer Sequence (5’ to 3°)

Forward primer TGTTATAGGTAGGGATATGTTTTGTTIGACGT

Reverse primer TCTCTACCTACAATTCTATAAAAAACACTTATCCA

Extension primer | ATCCCCAACATTTTCCC

[0120] Three pL of bisulfite-converted DNA from the placental (equivalent to 150 ng DNA
before bisulfite conversion), maternal buffy coat samples and mixtures as well as ten pl of
bisulfite-converted plasma DNA (equivalent to DNA extracted from 1.6 mL maternal
plasma) were amplified for each 25 L PCR reaction. Each reaction contained 1X PCR
buffer (Applied Biosystems, Foster City, CA) with 2.0 mM MgCl, (Applied Biosystems),
200 uM each of dATP, dGTP and dCTP, 400 uM of dUTP (Applied Biosystems), 200 nM
each of forward and reverse primers (Integrated DNA Technologies, Coralville, IA) and 1 U
of AmpliTaq Gold® DNA Polymerase (Applied Biosystems). The PCR reaction was
Initiated at 95°C for 10 min, followed by denaturation at 94°C for 30 sec, annealing at 60°C
for 40 sec, extension at 72°C for 40 sec for 40 cycles, and a final incubation at 72°C for 5

min.

[0121] PCR products were subjected to shrimp alkaline phosphatase treatment to
dephosphorylate any remeining dNTPs and prevent their incorporation in the subsequent
primer extension assay. For each 25 pL PCR reaction, 0.34 uL of hME buffer (Sequenom),
0.6 pL of shrimp alkaline phosphatase (Sequenom) and 3.06 L of water were added. The
reaction mixture was incubated at 37°C for 40 min, followed by heat inactivation at 85°C for

5 min.

[0122] For the primer extension reaction, 4 pL of base extension reaction cocktail
containing 1500 nM of extension primer (Integrated DNA Technologies), 1.15 U of
Thermosequenase (Sequenom) and 64 uM each of ddATP, ddCTP, dTTP and dGTP
(Sequenom) were added to 10 uL of the PCR products. The reaction condition was 94°C for
2 min, followed by 94°C for 5 sec, 52°C for 5 sec, and 72°C- for 5 sec for 75 cycles.

[0123] The final base extension product was cleaned up with the SpectroCLEAN
(Sequenom) resin to remove salts that may interfere with the mass spectrometry analysis.

Twenty-four microliters of water and 12 mg of resin were added into each base extension
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final mixtures were mixed in a rotator for 20 min, After centrifugation at 361 g
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for 5 min, approximately 10 nl of reaction solution was dispensed onto a 384-format
SpectroCHIP (Sequenom) pre-spotted with a matrix of 3-hydroxypicolinic acid by using a
SpectroPoint nanodispenser (Sequenom). A MassARRA’SL’“.’I Analyzer Compact Mass
Spectrometer (Sequenom) was used for data acquisition from the SpectroCHIP. Mass
spectrometric data were automatically imported into SpectroTYPER (Sequenom) database

for analysis.

RESULTS AND CONCLUSION

[0124] Mass spectra for the MassARRAY analyses are shown in Figure 13, The primer
extension product for the unmethylated form of CGI137 can be detected in the placental and
pre-delivery plasma DNA samples as well as the 95:5 mixtures of maternal buffy coat and
placental DNA. These data suggest that the assay is sensitive to the detection of the placenta-
derived unmethylated form of CGI137 in maternal plasma and DNA mixtures down to a
fractional concentration of 5%. No signal was detected post-delivery maternal plasma
sample which confirms the pregnancy-specificity of the unmethylated form of CGI137. The
lack of signal in the in the maternal buffy coat sample also confirms the specificity of the
assay towards the detection of the unmethylated form of CGI137. In summary, due to the
differences in the methylation profile of CGI137 between placental tissues and maternal
blood cells, sensitive and specific assays could be developed to target the detection of the
placenta-derived form of CGI137 among a background of CGI137 methylated molecules
derived from maternal blood cells. As the placenta is a tissue source of fetal DNA release
into the maternal circulation (Chim et al., supra)}, in which the latter contains a high
background of DNA derived from maternal blood cells (Liu et al., supra), assays targeting
placenta-specific epigenetic markers are useful for the detection of fetal-specific nucleic acid

molecules in maternal blood.

Example 3

[0125] An alternative method, combined bisulfite restriction analysis (COBRA) (Xiong and
Laird Nucleic Acids Res 25: 2532-2534, 1997), was used to assess for the presence of
differential methylation of 3 genomic sequences on chromosome 21 {Table 11) between
DNA from placentas and maternal blood cells.
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MATERIALS AND METHODS

[0226] Combined bisulfite restriction analysis (COBRA). One pg DNA was subjected
to bisulfite conversion by EZ DNA. Methylation Kit (Zymo Research, Orange, CA) according
to manufacturer’s instructions. Forty nanograms bisulfite-converied DNA (based on original
unconverted DNA. input) was then subjected to PCR amplification as was described in
Example 1, with some modifications. Reagents supplied in the HotStar Tag DNA
Polymerase Kit (Qiagen, Hilden, Germany) were used. Reagent compositions for each PCR
are detailed in Table 11, Typically, PCR was performed in a final reaction volume of 20 pl,
with MgCl,, primers, HotStar Taq, 1X PCR Buffer, 50 pM of each dNTP, and 2X PCRx
Enhancer (Invitrogen, Carlsbad, CA). The thermal profile consisted of an initial denaturation
step of 95°C for 15 min, followed by 50-55 eycles of 95°C for 20 sec, 58 or 60 °C for 30 sec
(Table 11), 72°C for 1.5 min, and a final extension of 72°C for 3 min. PCR products were
then subjected to restriction enzyme digestion. The restriction enzyme to be used for each
respective locus was chosen for its ability to distinguish between the methylated and
unmethylated sequence afier bisulfite conversion. In essence, restriction sites are only
present in either the methylated or unmethylated sequence but not both, so that one of the
sequences would be digested while the other would remain intact (Table 12). Restriction
enzyme digestions were performed in a final reaction volume of 20 pl, with 5 pl PCR
products, 1X approﬁriate buffer, and 10U restriction enzyme {or none for mock digestion),
under the manufachurer’s recommended temperatures for 2 hr. All enzymes were purchased
from New England Biolabs (Beverly, MA). Digested products were then analyzed by gel

electrophoresis.

Table 12. Result prediction for COBRA analysis

Locus hame Enzyme cutting status methylation status products with complete digestion (bp)
HLCS region A Bsi | No cut un-methylated 338

cut methylated 285, 53
HLCS regionB1  BsfU} No cut un-methylated 310

cut methylated 45, 22, 176, 30, 37
HLCS region B2 BstU! No cut un-methyiated 413

cut methylated 34, 22, 178, 30, 151
CEl008 Bstu | No cut un-methylated 211

cut methylated 82, 63, 51,15
CGi132 Bst | No cut un-methylated 210

cut methylated 60, 49, 56, 45
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reaction as described in “Combined bisulfite restriction analysis (COBRA)” session shown
above was used for cloning and bisulfite sequencing. To analyze methylation status at the
resolution of a single molecule, the PCR product was TA-cloned into a plasmid vector using
the pGEM-T Easy Vector System (Promega, Madison, WI). The inserts from the positive
recombinant clones were analyzed by cycle sequencing using the BigDye Terminator Cycle
Sequencing v1.1 kit (Applied Biosystems) as per the manufacturer’s instructions. After
purification by ethanol precipitation, the samples were resuspended by 10 pl of Hi-Di
formamide and run on a 3100 DNA Analyzer (Applied Biosystems).

RESULTS AND CONCLUSION

[0128] Holocarboxylase Synthetase (HLCS). The methylation profiles of the putative
promoter region of HLCS from 2 maternal blood cell samples were compared with those of 2
first-trimester and 2 third-trimester placental tissue samples collected from normal
pregnancies, as well as 2 first-trimester placental tissue samples from frisomy 21 pregnancies.
COBRA assay was performed and the gel electrophoresis data for region A, region B1, and
region B2 are shown in Figures 14A, 14B, and 14C, respectively. In general, the placenta is
hypermethylated when compared to maternal blood cells. Cloning and bisulfite sequencing
experiment was performed on region B2 to further analyze methylation status at the
resolution of 2 single molecule, and the result shown in Figure 17 confirmed that the
methylation in HLCS is placental specific.

[0129] CGIO0Y. The methylation profiles of CGI009 from 2 maternal blood cell samples
were compared with those of 2 first-trimester and 2 third-trimester placental tissue samples
collected from normal pregnancies, as well as 2 first-trimester placental tissue samples from
trisomy 21 pregnancies. COBRA assay was performed and the gel electrophoresis data are
shown in Figure 15. In general, the placenta is hypermethylated when compared to maternal
blood cells.

[0130] CGI132. The methylation profiles of CGI132 from 2 maternal blood cell samples
were compared with those of 2 first-trimester and 2 third-trimester placental tissue samples
collected from normal pregnancies, as well as 2 first-trimester placental tissue samples from

trisomy 21 pregnancies. COBRA assay was performed and the gel electrophoresis data are
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restriction enzyme treated DNA or mock digestion sample was used in the real time PCR
assay. Bach reaction contains 1X TagMan Universal PCR Master Mix (Applied Biosystems,
Foster City, CA), 300 nM of forward primer (5’-CCGTGTGGCCAGAGGTG-37), 300 nM of
reverse primer (5’-TGGGAGCCGGAACCTACC-3"), and 100 oM of TagMan probe (5°-
6FAM- TCCCGACCTGGCCCTTTGCC-TAMRA-3%). The thermal profile was 50 °C for 2
min, 95 °C for 10 min, 50 cycles of 95 °C for 15 sec, and 60 °C for 1 min. All reactions were
run in duplicate, and the mean quantity was taken. Serially diluted human genomic DNA
originally quantified by optical density measurement was used as the quantitative standard for
the assay. As the detectable HLCS DNA after restriction enzyme digestion represented the
methylated fraction, we expressed the real-time quantitative PCR as a methylation index.

The methylation index of a sample is calculated by dividing the HLCS DNA concentration
after enzyme digestion with that obtained with mock digestion.

RESULTS AND CONCLUSION

j0134] The methylation profiles of the putative promoter region of HLCS from 8 maternal
blood cell samples were compared with those from 2 first-trimester and 2 third-trimester
placental tissue samples collected from normal pregnancies. Restriction enzyme digestion
followed by real time PCR: analysis was performed and the results are shown in Figure 18.
DNA from all maternal blood cell samples were mostly digested by restriction enzymes,
resulting in methylation indices approaching 0; while that from placental tissues were
partially digested, resulting in methylation indices ranging from 0.567 to 0.966.

[0135] Previous data suggest that placenta is the predominant tissue source of fetal DNA
while maternal blood cells are the main contributor of the background maternal DNA that are
detectable in maternal plasma. We believe that the placental-specific (with reference to
maternal blood cells) fraction of HLCS DNA, namely the methylated or non-digestable
fraction can be detected in maternal plasma and is pregnancy-specific. Paired pre- and post-
delivery 3" trimester plasma samples from 25 normal pregnant individuals were recruited.
Restriction enzyme digestion followed by real time PCR assay was performed and the results
are presented in Figure 19. The HLCS signal is shown to be positively detected in the
enzyme digested pre-delivery 3™ trimester plasma samples and reduced after delivery. The
median of HLCS concentration in post-delivery plasma samples after enzyme digestion was
8.1% of that the median HLCS concentration in pre-delivery plasma samples after enzyme
digestion (Figure 19A). The clearance pattern from enzyme treated pre- and posi-delivery
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[0136] Al patents, patent applications, and other publications cited in this application,
including published amino acid or polynucleotide sequences, are incorporated by reference in

the entirety for all purposes.
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A method for detecting or monitoring a pregnancy-associated disorder in a woman pregnant

with a fetus, comprising the steps of:

(a) determining the methylation status of a CpG-containing genomic sequence in a sample obtained
from the woman, wherein the sample is whole blood, serum, plasma, urine or saliva, wherein 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, wherein the genomic sequence is at least 15 nucleotides in length,
comprising at least one cytosine, and is within a region on chromosome 21, and wherein the region
consists of (1) a genomic locus; and (2) a DNA sequence of no more than 10 kb upstream and/or

downstream from the locus;
~ (b) determining the level of the genomic sequence from the fetus; and

(c) cdmparing-the level of the genomic sequence from the fetus with a standard control, wherein an
increase or decrease from the standard control indicates the presence or progression of a pregnancy-

associated disorder.

2. The method of claim 1, wherein the genomic sequence from the woman is methylated and the

genomic sequence from the fetus is unmethylated.

3. The method of claim 1, wherein the genomic sequence from the woman is unmethylated and

the genomic sequence from the fetus is methylated.

4. The method of claim 1, wherein step (a) is performed by treating the sample with a reagent
that differentially modifies methylated and unmethylated DNA.
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0. 1250 0. 2500 02750 0.1250 0.6250 0.5625 0.3125

0. 7500 0.6250 0.6875 0.7500 0.4375 0. 7500 03500
0.6875 0.4375 0.5000 0.5000 0.5000 02727 0.1818
0. 0909 0.5909 0.1818 0.6364 0.3182 0.3636 0.5000
0.2273 0.0909 0.0455 0.0909 0.0455 0.1818 0. 0417

s JIEgRboRutlh 1o TR BrOR L0 il PO dRa b oRa Y PR

10 [0114] Genetic loci that showed no differential-
6. ndemhtgabchfor dmcpag benonitoetge prgpheesnicitedidisgisen agymnan pregnant
h cekls Differential nethylation between
W a%{i%%c?%rﬁ?réslmgt S8 and maternal bl ood cells was not
: uni versal ly observed for all studied loci. The -
(a) obtafﬂn@eN L 0 10}%r1(§£el Ssaxg t%g c?:' %%hﬁ‘é}%é%on ddvﬁe%@{ﬂg@%"ple is whole
blood, dohmoﬂlaﬁﬁ,hﬁnegoﬂdaﬁm,ed from4 third-tri rrest er
pregnanci es. Cl oning and bi suLfite sequencing were 15
performed and the results are shown in Figure 10.
(b) treafigaleBNArfm dogyt () whiebisdfierandl bl ood cell s and
- placental tissues were predom nantly unmnet hyl at ed.
[0115] Simlarly, the nmethylation profile between
©) perﬂsmmgaﬂalnpbﬁmda ﬁaebticm uaing thpIDive fivalstepi(9sind svafringers to amplify a

CpG—coa a%_l,gtg%qlmnlg ge}:,q?l s ?%Q i Ie e?no\r/}‘?cr eeﬁ{l]e%%p%lagﬂ%ste héi%%oéfdes in length,
comprise$atQeastend dytediet, dalik afltﬁl)l a regid@d on chromosome 21, and wherein the region

i A SR PR o TR s

- and/or dohfhst&am dfom the ks bisd whergiaat logt ctdeeaf the thiay partiére bingy bef¢rblewlly to
b i rst- in%es{ﬂer_ l.acental tissues and maternal
t egen(mlfiﬁfff{“%néf mipe s ﬂdl vidual CpG sites within

CGI 121 The i ndividual CpG 5 sites are designated by

e itions.relative to c
@ comigggfos b b BT b B S WA MG i =i g
standar@éonﬁbtewﬂe}éiﬁﬁl iﬁefwsrm)r Beowsefrom thelsWindald bongmot imdiicates the presence or

€801. 9d3 soaedo
progressmn of ‘a'pregnancy-associated disorder.

7. The method of claim 6, wherein the amplification reaction is a methylation-specific PCR.
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171.910d3, kodol lenmpdol 11 | asisdal ' eatadai

wsioda' J loastailo | Il 1991.edD 1.1)9MID asi scl oi
t oot edo et akadol noi edoi ettFodai f |ersiodo.
essuodoi |amed Burry coat C 14 13-
-17" 13 81481096 8358310 1912 7 15 10
3. The method of claim 1 or 6, wherein the pregnancy-associated disorder is a chromosomal
aneuploidy.
9. The method of claim 8, wherein the pregnancy—associated disorder is frisomy 21.
10. A method for detecting and monitoring a pregnancy-associated disorder, comprising the steps

of:

(a) obtaining DNA in a biological sample obtained from the woman, wherein the sample is whole

. blood, serum, plasma, urine, or saliva; _ ,

(b) treating the DNA from step (a) with a reagent that differentially modifies methylated and
unmethylated DNA; _

(c) determining the nucleotide sequence of a CpG-containing genomic sequence from step (b),
wherein the genomic sequence is at least 15 nucleotides in length, comprises at least one cytosine, and

is within a region on chromosome 21, and wherein the region consists of (1) a genémic locus CGI137
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12 7 19 21 19 . 14 12 13 15 14 19 17 14 8
9 50.77 Mthindx 0.14 0.05 014 S 0.36 036 0.45 041
027 0.36 0.14 023 036 0.14 1045 032 045 0.69 0.04 059
C+7 22 22 22 22 22 22 22 22 22 22 22 '

; and (2) a DNA sequence of no more'tharll' 10 kb upstream and/or downsiream from the locus; and
(d) comparing the profile of the nucleotide sequence from step (c) with a standard control, wherein a
change in the profile from the standard control indicates the présence or progression of a pregnancy-

associated disorder.

11. The method of claim 10, further comprising an amplification step of using the DNA from step

(b) and two primers to amplify the genomic sequence.

12. The method of claim 10, wherein step (¢) is performed by mass spectrometry.

13. The method of claim 10, whergin step (c) fs performed by primer extension.

14. The method of claim 10, wherein step (c) is performed by polynucleotide hybridization.

15. The method of claim 10, wherein step (c) is performed by real-time PCR.
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22 22 22 n 22 22 22 22 22
Placenta C7 5 7 14 15 14 9 6 13 4 3 9 11 11 9 6 10

14 14 11 7 15 17 15 8 7 8 13

16.  The method of claim 10, whereiri step (c) is performed by electrophoresis.

17. A method for detecting trisomy 21 in a fetus in a pregnant woman, comprising the steps of:

(a) treating the sample obtained from the woman, wherein the sample is whole blood, serum, plasma,

urine or saliva, with a reagent that differentially modifies methylated and unmethylated DNA;

(b) analyzing the alleles of a CpG-containing genomic sequence, wherein the genomic sequence is at
least 15 nucleotides in length, comprises at least one cytosine, and is within a region on chromosome
21, and wherein the region consists of (1) a genomic locus; and (2) a DNA sequence of no more than

10 kb upstream and/or downstream from the locus; and
(c) determining the ratio of the alleles, wherein a deviation from that of a woman carrying a fetus not
having trisomy 21 indicates trisomy 21 in the fetus.

18.  The method of claims 4, 10 or 17, wherein the reagenf comprises one or more enzymes that

preferentially cleave m.ethylated DNA.

19. The method of claims 4, 10 or 17, wherein the reagent comprises one or more enzymes that

preferentially cleave unmethylated DNA.

20. The method of claim 17, further comprising an amplification step following step (a) to

amplify the methylated or unmethylated genomic sequence.

21. The method of claims 11 or 20, wherein the ampliﬁbation step is performed by PCR.
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16 9 18 19 13 11 11 13 16 12 8 8 11 Methlndx 032 023
0.32 0.41 0.64 0.68 0.84 0.41 0.27 0.59 0.18 0.14
0.41 0.50 0.50 0.41 0.27 045 0.64 0,64 0.5 C+7 22
22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22

22
22. The method of claims 11 or 20, wherein the amplification step is performed by methylation-

speéiﬁc PCR.

23. The method of claim 17, wherein step (b) is performed by mass spectrometry.

24. The method of claim 17, 'Wherein step (b) is performed by a primer extengion assay.

25. The method of claim 17, wherein step (b) is performed by real-time PCR

” 26. The method of claim 17, Whefein step (b) is performed By polynucleotide hybridization.
%7._ The method of claim 17, wherein step (b) is performed by electrophoresis.

28. The method of claim 17, wherein the two different alleles of the genomic sequence from the
fetus comprise a single nucleotide polymorphism, an insertion-deletion polymorphism, or a simple

tandem repeat polymorphism.

29. A method for detecting or monitoring a pregnancy-associated disorder in a woman pregnant

with a fetus, comprising the steps of:

(a) determining the level of a CpG-containing genomic sequence in a biological sample obtained from
the woman, wherein the sample is whole blood, serum, plasma, urine or saliva, wherein the genomic
sequence is at least 15 nucleotides in length, comprises at least one unmethylated cytosine, and is
within a region on chromosome 21, and wherein the region consists of (1) a genomic locus CGI137;

and (2) a DNA sequence of no more than 10 kb upstream and/or downstream from the locus; and
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Chl-s tare p-value 1.165 10,280 1.737r 0.943 0, 188
0280 0, 332 2273 0.132 3280 0.070 0.825 0.384 0.094
0.759 0.115 0135 1458 0.227 6E16 1.000 0.155 0596
0.096 0.757 5.133 0,023 0.091 0.098 0.824 0.825 0.098
0. 096 2455 0. 763 0154

(b) comparing the level of the genomic sequence with a standard control, wherein an increase or
decrease from the standard control indicates the presence or progression of a pregnancy-associated

disorder.

- 30 The method of claim 29, wherein step (a) comprises treating DNA present in the blood

sample with a reagent that differentially modifies methylated and unmethylated cytosine.
31.  The method of claims 4, 10, 17 or 30, wherein the reagent comprises bisulfite.

32. The method of claim 30, wherein the reagent comprises one or more enzymes that

preferentially cleave DNA comprising methylated cytosine.

33. The method of claim 30, wherein the reagent comprises one or more enzymes that

preferentially cleave DNA comprising unmethylated cytosine.

34, The method of claim 29, wherein step (a) comprises an amplification reaction.
- 35. The method of claims 6 or 34, wherein the amplification reaction is a polymerase chain
reaction (PCR).

66



0347 0.364 0154 0.757 0.117 10 [01161 On the other
hand, for KIAA0656, Heat shock transcription factor 2
bi ndi ng protein (HSF2BP) and COL6A1, the studied
pl acental tissues and maternal blood cells were both
' predom nantly nethylated with ne significant
36.  dirkd RUERGRSIRES YGERBe PER IV AlihfRichRP&Xs: Foganpl e 2
' 15 (01171 The CO contal ni ng genonl ¢ sequences W th
differential methylatjon profile between placental.
37, t Thegnethodpf glaimes oridl Whirep the agwplicatiproregsgion ifla niisleic agig sequence
based SiiigeRARLI ¢ markers for maternal blood detection. In
order to distinguish the fetal-derived DNA nol ecul es
fromthose that are maternally-derived in_maternal .
38 pitsgeethodod ghimseaidt dvheariy de appliigienasdtign isgrstrpplglisplacement
reactiop] acent al - specific epigenetic formof each
: differentially nmethylated | ocus. An assay has been 20
devel oped to target the placental-specific form of
39 Cemethodief glgims 619¢ 34mhamis the ARPLBAHEeTIcHPR I 2hinghed TRNA
amplifigfidn ass@msed its specificity. MATERIALS AND METHCDS
[01181 Sanpl e processing and DNA extraction. A

third-trinester placental tissue sappl e, and ) )
40. cﬂww&mﬁé#ﬁ@ IRk S @a&%@%ﬁ% SEPHeE & detprmined by
electrophioRiisa subj ect undergoi ng delivery 25 by el ective
cesarean section. Maternal blood (10 nmL) was

| | ected. into EDTA tupes prior to . i )
11 S ess pEeTCBb IR ot shol BE eGIEPIC RA sppance yltermined by
polynudl@dtidy Bybyidizdie. bl ood sanpl es were centrifuged at 1600
' or 10 min at 4 C. The buffy coat portion was

_ x g f
42. glg‘tﬁ gicgi%g Pg&%{enrs 1 ;g(r)gdj %Hé’g%}glge}lﬁ%g%&%: -la?s%?%rﬁg agorgér?sr pergeclampsia.

centrifuged at 16,000 x g for 10 mn and 1.6 nth

43.  plhasthodaticliimansé er9% dhérein tegaeznpalupioopyd in@dérub@sterm labor.
with care not to disturb the underlying 5 cell '

44, SI%JS lén% h‘g gl" %%%Pg,?%e cart isgzs Ii’f%eeig Iéﬁ%ﬁ)%ﬁ%pﬁ%ﬁg?}ﬁiﬁ%@ éﬁoﬁrdérr%s hypéremesis

gravidapal. ypr opyl ene tubes at -80 C. DNA was extracted from
the placental tissues using the Q Aanp DNA Mni Kit
R il e . N l. .

5. B0 BlAER s SRR S A O E E

pregnangy.ood M ni Kit (Q agen, Hlden, Germany) according to
the manufacturer's instructions. For each placental

t l.e,. L: ubj ect ed

6. F0pobl X oo AT oty e Pl SR

cytosine residues to uracil but |eaves nethyl ated

47 aic wsthadof daing hebson e whengje the pisenaise-advoeiptod disqyder i ibRpterine

-gﬁ“ﬂlkgg&ﬁg&ation Kit (Epigentek Inc., New York, NY)
according to manufacturer's instructions. DNA
extracted from1.6 ma plasna was al so subjected to

' rSh@nNg . [ . .

B B R el ERAr s B ARl L EFd ispna
of 15 m xtures of the buffy coat and placental DNA
preparations in the ratios of 95:5. [0119]

Honogeneous MassEXTEND assay As pl acental tissues are
"~ hyponet hyl ated with respect to maternal blood. cells
at Cd 137 (Figures 1 and 2), an assay targeting the
detection of the =nethylated formof CGA 137 was
desi gned. The assay is based on the MassARRAY
(Sequenom San Diego, CA) platform Methylation
specific prinmers are designed for the 20 specific
anplification of the =nmethylated formof CG 137. An
illustration of the |location of the primers is shown
in Figure 12 and the prinmer sequences are listed in
Tabl e 10. The forward pri spans the CpG sites 472,
477, 481 and 486. The reverse primer spans the CpG
sites 553 and 561. The anplicon spans between
coordi nates: 2742998-2743130 for the GenBank



30 DNA from placentas and maternal blood celPBI/GEPR7/ 0 ¢.1 ¢ 27

m ndi ti nne I V> 1 nfl W1 O Anneal i ng S

tenperature (C) ISV W 99 Hot Star Tag (U) vu U

17 U PCRx Enhancer 2.1 XZ XZ XZ (AW JGW Jd

003 003 003 003 003 (Wi n) zioeuu IC (.5-19)

CRCTACCOTTCTC CACTAACTAETEARMA LIETWAACACCCR

AATCCCCAAAA CTAAAAAATAAAAAA CAAAATCCANACAAA
LIONARCTARARPERICRTA CCTACAATACCAAAAA

; Rossa Wai EKwun
Chim, Stephen 8iu Chung
Ding, Chunming
Jin, Shengnan
Lee, Tracy Yuen Han
Lun, Flona Miu Fun
The Chinese University of Hong Kong

<120> Novel Markers for Prenatal Diagnosils and
Monitering '

<130> 016285-0050102C

<140> WO Wot yet assigned
<141> Not yet assigned

<150> Us 60/797,456
<151> 2006-05-03

<160> 62
<170> Fast8EQ for Windows Veéersion 4.0

<210> 1 .

<211> 180

<212> DNA _
<213> Homo sapiens

<220>
<223> CGI137 amplified region original DNA sequence

<221> modified hase
<222> (1)...{180)
<223> n = methylated cystosine

<400> 1 g

cttcacctgn ggggaceeng gngagcecct caggtgccac aggcagggac angectanget 60
ngatgngtca caccatgtgg coaccagage tgngggaaaa tgoctggggac cctgeattte 120
ngtttcaggt ggngaacaag ngceccitcac agaactgeag gtagagangg gccnggggea 180

<210> 2

<211> 180

<212> DNA

<213>» Artificial Sequence

<220>
<223> CGI137 amplified region bisulfite-converted DNA
sequence

<221> modified base
<222> (1)...{180}
<223> n = methylated cytosine

<400> 2

ttttatttgn ggggatttng gngagttttt taggtgttat aggtagggat angtttngtt 60

ngatgngtta tattatgtgg ttattagagt tgngggaaaa tgttggggat tttgtatttt 120
ngttttaggt ggngaataag ngttttttat agaattgtag gtagagacgg gtteggggta 180



CRAAAACRAACR AACCAAACCTAA 181l1.illia-a GCs -
GGAGTGTTAAATTTG GTTAI liii GITTGTTAT AGGAGPCAZBRGHN7 / 001627
TTAGITYGTGE GGIT 100. 1. 00VOV1100 10. 1. OALLOWLLO
AAAAGGYGTTTGG TYGGITATGAGTITAT  Chronpsomal | ocati on
chr21: 37, 275, 090- 37, 275,427 chr21: 37,274, 765-
<210873, 275,074 chr21: 37,274, 651- 37,275,063
zgigzﬁ?él 25, 856, 248- 25, 856,458 chr21: 45, 888, 251-
45888, 460 Regi on on Ghomic gattg NT_011512. 10:
213y 6‘1’5%37&]2&%)‘&%6% NT 011512.10: 24015074- 24014765
<220M 011512. 10: 24015063- 24014651 NT 011512. 10:
<2231 25R6R248rs #2RPARB proiBLb1eBEIneSTextbhGSn €0i ON A HLCS
r egdNmShyldi6S svegian &21300Q0105q prinbr MATERI ALS
AND METHODS [ 0126] Conbined bisulfite restriction
<400>343] ysi s (COBRA). One u was subj ected to
tottaipeqli FP9e %?ﬁi?v%*r’@ BWaByggtEZ DNA Methyl ation Kit (Zyp#o
<z1osRgsearch, Orange, CA) according 5 to manufacturer's
<2113 Bstructions. Forty nanograns bisulfite-converted DNA
<212 bmsed on origi nal unconverted DNA i nput) was then
<213>spbjigttied foubCR anplification as was described in
Exanmpl e 1, WI th some nodifications. Reagents suppl i ed
2% the Hot St ar. Ta DI\IA PoI nerase Kit (Q agen,
i

[0 nsd'ﬁ t f
each ?P]’Eﬁ“% ﬁﬁysgl 78 (J:Ic %Irev%% Pﬁ?ﬁ?cglsi yl, orF]’?ZR \%as

<goo>performed in a final reaction volume of 20 ul, 10
agagawj;qalu MyGER2atapritiet Srgakdadagliar Tag, | x PCR Buffer, 50
| NMd of each dNTP, and 2X PCRx Enhancer (Invitrogen,
jgﬁi%l sbad, CA). The thermal profile consisted of an
<z12+ pNat 1 @l denat ur at i on step of 95C for 15 min, followed
<213>byrt§@lé§l%%hg,%eof 95C for 20 sec, 58 or 60C for 30
sec (Table 72C for 1.5 mn, andaflnal
<220>ext ensi on of 72C for 3 min. PCR products were then
<223>shippeetoed MagsiXEENY icotorl anZyee cdigesti on. The
rESEY iMEC PO e, jRE LSS FEI L e fxfeari®arhimes respect i ve
<ago>lPcus was chosen for its ability to distinguish
sttt DREYeRRLhe et hyl ated and unmet hyl at ed sequence 20
after bISU|?Ite conversion. |In essence, restriction
<210>sftes are only present in either the methyl ated or
<211> A¥met hyl at ed sequence but not both, so that one of
2 zrV g guisréces woul d be digested while the other woul d
R Pt aet"FTabl e 12). Restriction enzyne
<2zo>d| gestl ons were perfornmed in a final reaction vol une
<223> afer 20 whbgioni £ -5risker PCR 20 products, 1X appropriate
buffer, and 10U restriction enzyme (or none for nock
<400> ff gest i on), under the manufacturer's recomended
ITLLIGIERH AREPIHIBE B6r 2 hr. All enzymes were purchased??
<210> I om New Engl and Bi ol abs (Beverly, MA). Digested
<211> pOoducts were then anal yzed by gel el ectrophoresis.
<212> 2paTabl e 12. Result prediction for COBRA anal ysis
<z13> |PfgtuS chaimSe@rayae cutting status nethyl ation status

<220>
<223> CGI137 region A R-primer

<400> 7
accccraacce crtetetace tacaa : 25



products with conplete digestion (bp) HLCS region A
BstU 1l No cot un-nethylated 338 cut net hyl 255
53 HLCS region Bl BstU |l No cut un-nethyl atg?rg% %7/ 001 6=27
cut nethylated 45, 22, 176, 30, 37 HLCS region B2
BstUIl No cut un-nethylated 413 cut net hyl ated 34,
<210528 176, 30, 151 CG 009 BstU | Nor cut -un-net hyl at ed

:23 9A cut methylated 82, 63, 51,15 CA 132 BstU | No

2136 UL yBr et hyl at ed 210 cut met hyl ated 60, 49, 56, 45
< [01’:27]1%%%%3‘5“&’% bi sul fate sequencing. DNA fromthe

<z2208ame PCR anplification reaction as described in
- <223% Gmrbb nedghins Bl F-ptanekest ri cti on anal ysis (COBRA) "
sessi on shown above was used for cloning and
<400pi% | fite sequenci ng. To anal yze methylation status
‘_’?aggg?agt‘g'ﬁegag%%?@? FPHHT8% a single nolecule, the PCR29
<1oPrpduct was TA-cloned into a plasm d vector using the
<211PpGEEM T Easy Vector System (Pronega, Mdison, W). The
<212¢mm@rts fromthe positive reconmbi nant clones were
<z213argkyZedabyseqywice sequenci ng usi ng the Bi gDye
Term nat or Cycle Sequencing v1.1 kit (Applied
2 BiQsyst ens) %Z per, the manufacturer's instructions.
AFTET” paf I catt B8y et hanol precipitation, the
<q00sanpl es were resuspended by 10 p.1 of H-D 10
aacad@bBRhdea06: dH on a 3100 DNA Anal yzer (Applied s
Bi osystens). RESULTS AND CONCLUSI ON [ 0128]
<210343Pocar boxyl ase Synt betase (HLCS). The nethyl ation

zgi%;br; files of the putative promoter region of HLCS from

<2132 2BL 8L Nal 00d cell sanples were conpared wth
: t hose o?ﬁzngﬁureg Strinester and 2 third-trinmester

<220:pl acental tissue sanples collected fromnormal 15
<223ppbgprandicescraas Wel(bpras) Zefidnsh-#-prnest er pl acent al
ti ssue sanples fromtrisomy 21 pregnanci es. COBRA
<igg§?§§a was perfor msg and the gel el ectrophoresis data
9 0?9%186‘1;’91% AT FE§%n BL and region B2 are shown i RS
<z1osFigures 14A, 14B, and 14C, respectively. In general,
<2113t Be placenta i s hypernethyl ated when conpared to
<212>npfrer nal bl ood cells. Cloning and-bisulfite
213>spefiénetatgSewpers nent was performed on region B2 to
<zosf Urther analyze methyl ation slt at us 3t thhe 20 I .

r ; [ cule,. and the result shown
2 0 e R S e Ble o n 1 LGS
<400>i 81 pl acental specific. ~[0129] Cd 009. The
aatctpityy tatthort opr ofdtbeszefat@®009 from 2 nat ernal bl eed
<.210>cell sanpl es were conpared with those of 2

fIrst-trimester and 2 third-trinmester placental

<211> .
«is-thesue sanples col lected fromnormal pregnancies, as

<213>Welth 88 a2 ddfusicet ri mester placental tissue sanples

from25 trisony 21 pregnanci es. COBRA assay was
<220>perfornmed and the gel el ectrophoresis data are shown
<223> | piopphifiestEgasqy JRgPREYM | retihe PlEawEnta i s
<400>h%lpgnnetghyl ated when conpar edhtlo mat er nal fb: ood f

S thyl ation profiles o

?tatg%oﬁltlsafzttf fg%%w% a%‘%%gfﬁﬁg? -ng%agg cell sanples were 36
<210>clegnpared with those of 2 first-trinester and 2
21i>t4yird-trinmester placental tissue sanples 30 collected
<§12>qu6m'nQr mal pregnancies, as well as 2 first-trinester
213> frhtEhitat SPAYEGE sanpl es fromtrisony 21 pregnanci es.

COBRA assay was performed and the gel electrophoresis

data are



WO 2007/ 132167PCT/ GB20071001627 shown in Fi g&hg 16.
In general, the placenta is hypernethyl ated AGB 2007/ 001527
conpared to maternal blood cells. Exanple 4 [0131]
Based on the differential nethylation feature of the
identified markers in placental 5 tissues and
<22t ernal bl ood cells, an alternative nmethod using
<223eRRpPRRdieRaRs iR (RYEPES redion| BR-prizgme di gesti on
<400§°H owed by real tinme quantitative PCR was devel oped
Lo uantitari eall%rgnal yze the differenti al
craamet hyl ati on of the genom e sequence of HLCS regi on’B2
<2106 Tabl e 11) between DNA from pl acentas and mat er nal
<211playod cel | s. MATERAI LS AND METHODS 10 [0132]
<2L2kERy| ation sensitive restriction enzyne di gestion.
<L3pNathEiciaktSegeensd from t he placental tissues using
<0l he Srgarrf&DNA {\/I nin Kigt‘}i ]SQ' agen, :Lljderés%r ﬁgy).
<223PNRo ; ; e
extr artgzt g%l b%r?%e%d %‘éﬁquﬁ%léﬁ?% lﬁ% Kit (Q agen,
<400HiiMden, Germany) according to-the manufacturer's
gotogttgty dotvorisot Foktaach pl acental and buffy coat DNA
2105 nple, 100 ng DNA was subjected to methylation
<2119 @su tive restriction 15 enzyne di gestion.
<1z2R@gkriction enzynme digestions were perfornmed in a
<2134 inped rikeACkQRLKEl Ume of 50 iii, with DNA 1X
appropriate buffer, and 2513 of Hpa Il and 5015 of
<220BstU | (or none for nock digestion), under the
<223rRhvAriefimsépraser ¥ dRPRMA est enSekatrimes for at | east
<agost@s hr. For each maternal pl asrradsarrpl el, '1.8 m gloafsrr}a
2 DNA extraction, and was eluted in t
ccc%‘gﬁdééi%gﬁ?%g%c vat ea‘rad, 21 ul of which was subjected t0
<z2loxr e6triction enzynme digestion. 20 Enzynme di gestions
<2lixefe perfornmed in a final reaction volunme of 30 pl,
<212%P¥% DNA, | X appropriate buffer, and 2011 of Hpa I
<2137 ff 180T 0f SERELPY (or none for nock digestion), under
22005t he manufacturer's recomrended tenperatures for at
<2235l gAteid GrBEpnalle ENZYARE.LWEY & RINGhased from New
Englane 2BpoduabgerdeBeverbirzpMA)reglinggst ed products were
t reryimgral yzed by real tine quantitative PCR The

<qp0>S8] ect ed restkiction enzynes only digest the
aggttd t g} %tga%aZS DONA but not the nethyl ated DNA. Since
the date Prom Bxanpl e 3 has shown that HLCS is 26

<210>hypernmet hyl ated in placental tissues and

<21i>h3gponet hyl ated in maternal blood cells, we expect a

<zl2>ph@portion of DNA from placental tissues would remain

<213> et €1HBl SaRtF1%® nost DNA from maternal bl ood cells

<as0>Woul d be digested and thus not detect a]bl e a;‘ter

| <223>IBSELI L ORONNEAZLNE LL t%ﬁj 0133] Real tine
qﬁgaﬁia gtﬁ@dg@%@ﬁmkgﬁ?{%ﬁ gggé%fﬁms devel oped

fropruant i tative analysis of it CS genomic DNA with

and wi thout restriction enzynme digestion. 4 til of
;jgw\{@ 2007/ 132167PCT/ GB2007/ 001627 restriction enzyne
ST EAr eI T DNAR B CRBT28F Gést i on sanpl e was used in $he
<210>Mgal time PCR assay. Each reaction contains | x TagMan
<211> Uni versal PCR Master M x (Applied Biosystens, Foster
<2iz> Owpy, CA), 300 nMof forward priner
<213> eEtiGeGTGPEBBEAGAGGIG - 3' ), 300 nM of reverse prinmer
(5" - TGGGAGCCGEGAACCTACC- 35, and 100 nM of TagMan probe
(5 - 5 6FAM TCCCGACCTGGECCCTTTGCC- TAMRA-3'). The :
thermal profile was 50C for 2 mtt, 95 C for 10 m n,
50 cycles of 95 C for 15 sec, and 60C for 1 min. All
reactions were run in duplicate, and the nmean
quantity was taken. Serialdly diluted human genom c
DNA originally quantified by optical density
nmeasur enent was used as the quantitative standard for
the assay. As the detectable HLCS DNA after
restriction enzyne digestion represented the 10



12. The nmethod of claim 10, wherein step (c). IS -
performed by mass spectrometry. 13. The nmetf{ddGBr 2007/ 00 1627
clai m 10, wherein step (c) is perforned by primer
extension. 14. The method of claim 10, wherein step
(c) is performed by pol ynucl eotide hybridi zati on.
<22035. The nethod of claim 10, wherein step (c) is
<2235ezrr§6ﬂ«?eahwh?*@ére-%:i FROPRErery 1Bhitieonet hod of claim
19;’;‘ @ﬁné:réiﬁ?eg?%gﬁnfcz) (PRP1BER%Y orypgéeth$ el ect rophoresi s.
1 met hod for detecting trisony 21 in a fetus in a
<4coprmgnant woman, conprising the steps of: (a)
gattttBat iRgetdiet$anptLigedbt apned from the woman, wherein
the sample is whol e bl ood,. serum plasm, urine or
<2103g1% va, with a reagent that differentially nodifies

:gi]z' yl ated and unrnethyl ated DNA;, (b) anal yzing the
<13214.€1 83, of 58 rl(c}econt ai ni ng genom ¢ sequence, wherein
t he genom c Sequénce is at |east 15 nucl eotides in

<220k ength, conprises at |east one cytosine, and is
<223wiprhiainapioephi6as0MN , ChéRIRSRpeidlibiansd wherein the

r egporitcomsesiogend 2( 1hreaRPenomkeidnogus; and (2) a DNA

séguedeée of no nore than 10 kb upstream and/ or
<sgpdgynstream from the | ocus; and (c) determ ning the
aactdALLO Bichg.Al.lel es, wherein a deviation fromt ha2t3

of a wonman carrying a fetus not having trisony 21
<210% di cates trisony 21 in the fetus. 18. The nmethod of
<2llxp@ins 4, 10 or 17, wherein the reagent conprises one
zgiz%lnml‘mne_ enzynes that preferentially cleave nmethylated
SELPRREC 8L A FhESWERffod of clains 4, 10 or 17, wherein the
<2204 eagent conprises one or nore enzynes that

<223 Peeietenti &l Inintd qave 1upmet hylaled %m@- The net hod
of claim17, further conprising an anplification step
<400 @P| owi ng step (a) to anplify the nethylated or
2gatgARER RYY%ae et tgbronPet s ctpgomicdtt 21. The net hod of 40
<210:Chai ms 11 or 20, wherein the anplification step is
<z11Pefformed by PCR 22. The nmethod of clainms 11 or 20,
<212Wh@r ein the anplification step is perfornmed by
<21l3>npttiylaki ongpeadsf i ¢ PCR. 23. The nethod of claim17,
wherein step (b) is perfarnmed by nmass spectronetry.
jgggzz ) ,Ihe met hod of claim 17, wherein step (b) is
pertormsd By FEPr (e flegereh Speital $ayri®s. The net hod
<4005081 claim 17, wherein step (b) is perforned by
accaah - ¢dalBad2ER cadBtaalhe met hod of claim 17, whereip,
step (b) is perfornmed by pol ynucl eoti de
<210>nZpri di zati on. 27The nmethod of clai'm 17, wherein step
jﬁ;z( , i S performed by el ectrophoresis. 28. The method
<213>Oﬁrt9153§‘:|ig1 Jsgauev\&%r ein the two different alleles of the
-genom ¢ sequence fromthe fetus conprise a single
<z20>nucl eot i de pol ynorphi sm an insertion-deletion
<223>pohy i pRitenFer0h  &C.SkIghes )t atgem ¥ epeatnepol ynor phi sm
29. A nethod for detecting or nonitoring a :
<4°0E£ﬁ§%gnanc%- associ ated di sorder in a wonan pregnant
BYIETh WY EEEEY %8hihti sing the steps of: (a) 217
<21p>0d8termning the | evel of a CpG containing genonc
<211>S®quence in a biol ogical sanple obtained fromthe
<z12>poiran, wherein the sanple is whole bl ood, serum
<213> frgsiigizubemenoe sal i va, wherein the genom ¢ sequence

<001 S at | east 15 nucleotides in length, conprises at

I t unrnet hyl ated cytosine, and .is within a

223> rsglgiﬁgrﬁQ g %ef)nr%saglﬁee]ffn nof WRe el PHRA%" r egi on
consists of (1) a genomic |locus CA 137; and (2) a DNA
sequence of no nore than 10 kb upstream and/ or
downstream fromthe | ocus;> and (b) conparing the
| evel of the genom.c sequence wth a standard ,
control, wherein an increase or decrease fromthe
standard control indicates the presence or
progressi on of a pregnancy-associ ated di sorder. 30.



<210> 1 <211> 180 <212> DNA <213> Hono sapi <220>
<223> Cd 137 anplified region original DNA ?ﬁd&&aﬂﬁ? /0016 27
<221> nodi fi ed_base <222> (1)...(180) <223> n = -
nmet hyl at ed cystosi ne <400> 1 cttcacctgn
ggggacccng gngagcccct caggtgccac aggcagggac

<4003¢gcct nget 60 ngat gngt ca caccat gt gg ccaccagagc
ég‘g"@g?‘ﬁﬁﬁa?ﬁcft@wga%t%ctgcatttc 120 ngtttcaggt 30

<p1099QR0aacaag ngcccctcac agaactgcag gtagagangg

<2119¢gnggggca 180 <210> 2 <211> 180 <212> DNA <213>

<212Amkaficial Sequence <220> <223> Cd 137 anplified

<213x egiioncihdisatduehes convert ed DNA sequence <221>
nodi fi ed_base <222> (1)...(180) <223> n = net hyl at ed

<220% vt 0si ne <400> 2 ttttatttgn ggggatttng

<223>g§é§0§19tﬁpt‘mf‘%ggt gttat aggtagggat angtttngtt 60

<opNgatgngtta tattatgtgg ttattagagt tgngggaaaa

aaaadg@bdtd08gAL g4t GtALELd: 29

<210> 25

<21i1l> 24

<212> DNA

<213> Artificial Sequence

ccra

<220> )
<223> CGI009 R~primer

<400> 25
aaactazaat cracrtacct acaa N 24

<210> 26

<21i> 40

<212> DNA _
<213> Artificial Sequence

<220> -
<223> carbonyl reductase 1 (CBR1) F-primer

<400> 26
gttaygtggg tagttaatag ttagtagtta gagattagtt ) 40

<210> 27

<211> 26

<212> DNA

<213> Artificial Sequence

<220> :
<223> carbonyl reductase 1 (CBR1) R-primer

<400> 27
caaaccrata cceottattaec ctecaa 26

<210> 28

<211> 2%

<212> DNA

<213> Artificial Sequence

<220»
<223> Down Syndrome cell adhesion molecule (DSCAM)
F-primer

<400> 28 _
ygygygttgy gttitigtat atttgttti 29



120 ngttttaggt ggngaataag ngttttttat agaattgta
gt agagacgg gttcggggta 180 PCT/ GB 2007 / 0 O ﬁ&s/@ 2007/ 001627

<210> 3 <211> 32 <212> DNA <213> Artificial Sequence

<220> <223> honogenous MassEXTEND pr ot ocol primer

ext ensi on assay nethylation specific CGE 137 forward
<210gr#%rer <400> 3 tgttataggt agggatatgt tttgtttgac gt32

jﬁﬁg 0> 4 <211> 35 <212> DNA <213> Artificial Sequence 3
S lfigggf%%ehonogenous MassEXTEND prot ocol priner .

T Ehsi oA S883 et hyl ati on specific OQ 137 reverse
<220pr i mer <400> 4 agagatggat gttaagatat tttttgtgaa
<223t aggh Iyneh0>cdd 1 <2hdzic20nsidde PWaR213> Artificial
Segpeimee <220> <223> honpgenous MassSEXTEND pr ot ocol
0Qri mer extension assay nethylation specific CE 137
Zigae aaen%i on prinmer <400>5 gttttaggtg gtggataagt20 <210>
5923 18355983 SLe PRt a2 §%9 2 Ar ti f i ci al Sequence <22G>
<21052333> CA 137 region A F-primer-<400> 6 ggttgggttg
<zilgaggagggta gt 22 <210> 7 <211> 25 <212> DNA <213>
<212AmbAfi ci al Sequence <220> <223> Cd 137 region A
<213RApFifdeial<d@Omnie accccraacc crtctctacc tacaa2s

<220>PCT/GB 2007 / 00 16 2 7 <210> 8 <211> 29 <212> DNA
203<2d3> Artifjcial Seqguence < §O> <223> 0G 137 region B
: >FFp§j?ﬁ§me<§lJO(?§e% ra‘_eg%gnag rj‘f“?zz al'8rtge agggttt at 29

<210> 9 <211> 23 <212> DNA <213> Artificial Sequence

<400<220>
agtttggtag ttatttgaat agttaaatga gtt ) 33

<210> 31

<211> 30

<212> PHA

<213> Artificial Segquence

<220Q> .o
<223> chromoscme 21 open reading frame 29 {C2lorf29)
R-primer -

<400> 31
aactttcteca tectactcce taaatctata 30

<210> 32

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> CGI11l F-primer

<400> 32
tttttttagg tagttgaaag aaaaqg 26

T <210> 33

<211> 20
<212> DNA
<213> Artificial Sequence

<220>
 <223> CGI11l R-primer

<400> 33
cctecctect caaaataaac 20



<223> CA 137 region B fl-primer <400> 9 aacagct aaa
aaactcrccr aaa23 <210> 10 <211> 26 <212> Dl\ﬁETféﬁBSﬁUG?/ 001627
Artificial Sequence <220> <223> phosphodi est erase 9A
(PDE9A) region A F-prinmer <400> 10 gtttttaggg
agggggt att tygagt26 <210> 11 <211> 36 <212> DNA <213>
<210Ar¥i ficial Sequence <220> <223> phosphodi est erase 9A
<211¥ BBEQA) region A R-priner <400> 11 aatctatttt
:gigé%t’)g a %}\é}a ctatttccaa ataaaa36 <210> 12 <211> 36
<PIoORR S39%83%Ar tificial Sequence <220> <223>
<22gPhosphodi est erase 9A (PDE9A) region B F-priner <400>
<2231 2cgiat gtrather att aaat gaa aagatgagtt tgtgat36 <210> 13
<211> 25 <212> DNA <213> Artificial Sequence PCIT/GB
<4002387 / 0 0 1 6-2 7' <220> <223> phosphodi est erase 9A
ErtiaepEn AF L gren t B argpt i ner <400> 13 craaaaaccc 28
<2\:m)(:%Eat aaaaa accra2b <210> 14 <211> 27 <212> DNA <213>
ificial Sequence <220> <223> phosphodi est erase 9A

<2114 ; : :
<2124 BRE9A) region C F-prinmer <400> 14 ggtggttgtg

<213% ghgtfi tOgt sddubb@gt 27 <210> 15 <211> 25 <212> DNA
. <213> Artificial Sequence <220> <223>
<§§g>phosphodi'ester ase 9A (PDE9A) region C R primer <400>
<2237 BCHEL CHRAERT accccaaace ataaa25 <210> 16 <211> 26
<400-<342> DNA <213> Artificial Sequence <220> <223>
agatRhtehbedahosRhat ase 1, regulatory (inhibitor) _subggi t
2 pseudogene 2 (P2P1R2P2) region A F-prinmer <400> 16
<210>aggtttttta gt ggggaaaa aatggt 26 <210> 17 <211> 32
:giéf 2> DNAh<21ﬁ> Artificial ISequencc(e <ﬁ28> <2)23> bun
el n. sphat ase 1, regulatory (inhibitor) subunit
<213>p§%§a%8e% PEP2PLR2P2) region A R-primer <400> 17
<220>Craaacttcc ractcttaac tcaaaataac ta32 <210> 18 <211>
<223>3R1B 42> rENAL <R F35r etk i fi ci al Sequence PCT/ GB 2007/ -
0016 2.7 <220> <223> protei n phosphatase 1,
<400>r Fqul at or t&i nhi bitor) subunit 2 pseudogene 2
ttggt?‘ﬁp’ﬁljﬁ@l?’?gg EgitOht I R P i-ner <4005 18 gattttaygt 3%
<10>ygAgdtagtta ttttgagtta ag32 <210> 19 <211> 23 <212>
<211>DNA <213> Artificial Sequence <220> <223> protein
<z12>phesphat ase 1, regulatory (inhibitor) subunit 2
<213>prahdfogehes=Budde22 1R2P2) region B R-prinmer <400> 19
<220>aactcctgrtA::ca;:ac.tclcc‘Slrta23 <21(2)ZOZO Z§%1>S_40_ I<21'2>
< > ArtifLcla equence < > < >SImlarity
<223>%%%Ar?gé?néﬁ Ilé" NSy region A F-primer
<400> 37 : '
acctctcaaa coraataaac ctaacaaaac 30

<210> 38

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> KIAAQG656 region B F-primer

<400> 38 .
gygygygttt aayggttttg ttaggtitat 30

<Z10> 39

<21i> 30

<212> DNA )

<213> Artificial Sequence



<400>2D aggttaatga tttgtatatt taaaagtttt taggatattt40
<210> 21 <211> 27 <212> DNA <213> Artifici alPGCEBENE / 0 0 1 8 27
. <220> <223> Similarity to Fem A (C. el egans) region A
R-primer <400> 21 accaaatact ccaccacrtc caadataa27 '
<210> 22 <211> 27 <212> DNA <213> Artificial Sequence
<220x220> <223> Simlarity to Fem A (C. elegans) region B
<2237 FppAGReP megbO-B2R-rajgttattt ggaygtggtg gagtatt27

<400%§éo> 23 <211> 30 <212> DNA <213> Artificial Sequence

cata

0z acggc%> Simlarit to Fem A (C. elegans) region B
B G8°2607% 0 0 1 6 2 <400> 23 ccratt adcc
<210ﬂq6tccaaat t aacct aat a30 <210> 24 <211> 29 <212> DNA
<211x213> Artificial Sequence <220> <223> 0G 009 -F-pri ner
<212x 40> 24 aaaaaggygt ttggtyggtt atgagttat 29 <210> 25
<2L3% P igiRlcPaen@NA <213> Artificial Sequence <220>
<2205 <223> Cd 009 R-pri nmer <4g(1)Z 25 aaagtlgaazﬁ c][ acrtlacct
< > < > tificlra
<223>ag§§§%§%%§% Sciié ocar onz;lbD%&Hc?ré’E%lﬁ <400> 26
(CBR1) 24 prinmer gttaygtggg tagttaatag ttagtagtta
<400>ga@at t agt t 40 <210> <211> <212> <213> <220> <223>
ﬁayggéﬂ%ﬁ%?é@@l\m@wwﬂaﬂ:cﬁtahy@equence car bonyl 37
<2103 ?fluct ase 27 1 (CBR1l) R-priner caaaccrata cccttattac
<211.ChEcaa26 <210> 28 <211> 29 <212> DNA <213> Artificial
<212>56@Uence <220> <223> Down Syndrone cell adhesion
<213>nehecutiel( 236AMe F-prinmer <4Q0> 28 ygygygttgy
gtttttgtat atttgtttt29 PCT/GB 2007 / 00 16 2 7
<220><210> 29 <211> 36 <212> DNA <213> Artificial Sequence
<223>bepis W?Sga%%ﬁp Fastrer cebPindahesicbrinnol ecul e

R EEFrPrert REEES 29

<400> 41
cracaacrac cataaacraa acra - 24

<210> 42

<211> 28

<212> DNA

<Z13> Artificial Sequence

<220>
<223> heat shock transcription factor 2 binding protein
(HSF2BP) region B F-primer

<400> 42 .
gtttaaatay gttggygtyg gttagggt , 28

<Z10> 43

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<223> heat shock transcripticn factor 2 binding proteln
(HSFZ2BP) region B R-primer

<400> 43
ttacatcaaa aactaacttt ccttctactt tacaa . "35

<21C> 44

<211> 26

<212> DNa

<213> Artificial Ssquence

<220> :
<223> COL6Al region A F-primer



caaaaaaaat taacaaaaaa atccatataa ctaaaa36 <2%p> 30
<211> 33 <212> DNA <213> Artificial SequencePEIZ6B 2607/ 001627
<223> chronosone 21 open reading frane 29 (C2lorf 29) :
F-prinmer <400> 30 agtttggtag ttatttgaat agttaaatga-
. gtt33 <210> 31 <211> 30 <212> DNA <213> Artificial
<gpoSepuence <220> <223> chronpbsonme 21 open reading frame
ottyeS oG Q62a9)t Rupkider <400> 31 aactttctca tcctactmec
taaatctata30 <210> 32 <211> 26 <212> DNA <213>
<210Ar45 fi ci al Sequence <220> <223> CA 111 F-priner <400>
2113283t ttttttagg tagttgaaag aaaagg26 <210> 33 <211> 20
<212270M8> DNA <213> Artificial Sequence <220> <223>
<213C(§rfﬁl°ﬁ%rs’|eﬁ’é?ncg4oo> 33 cctccctcct caaaat aaac20
<220PCT/ GB 2007/ 0 0 1 6 2 / <210> 34 <211> 28 <212> DNA
<2235 b3 Ak i fdnCh &l-pSBGUENce <220> <223> 031121 F-pri mer
<400> 34 tttttagata ttttttgggt ttaaggtt28 <210> 35
<400=24P1> 21 <212> DNA <213> Artificial Sequence <220>
aactaPP3s PIPIFFARIPFEIAEA2<AOD> 35 aaat ccacct acccaaacic
<3100%% <210> 36 <211> 31 <212> DNA <213> Artifici al
p1oeuence <220> <223> Kl AA0656 region A F-priner <400>
<2126t Ot got yg ygaagtgttt ttgttagtat t31 <210> 37
<2135 2kt >ri30ax 2k3zenlobNA <213> Artificial Sequence .<220>
<223> Kl AA0656 region A R-priner <400> 37 acctctcaaa
<220gcr aat aaac. ct aacaaaac30 <210> 38 <211> 30 <212> DNA
<2232 FPRPINCPTFTCT di PSP lience <220> <223> Kl AA0656 regi on
" <apoB fpriner <400>38 gygygygttt aayggttttg ttaggtttat30
tyggteb®? RYetidtd> 3Qrsgdde> DNA <213> Artifici al Sequence
PCT/GB 2007 / 0 0 1 6 27 <220> <223> Kl AA0656 regi on
<210B R-pri mer <400> 39 cataataata acttctcaaa
<2llgddéccaat ca30 <210> 40 <211> 37 <212> DNA <213>
jﬁgﬁr?@f%ma{ Sequence <220> <223> heat shock
S P RSErTptiton T act or 2 bi ndi ng protei n ( HSF2BP)
<2zpbegion A F-primer <400> 40 tayggagtag agaagagagt
<223gadoadl trafidnt B aygtB3er<210> 41 <211> 24 <212> DNA

<213> Artificial Sequence <220>
<400> 47
toccataacat cgacgacact aaccaa 26

<210> 48

<211> 35

<212> DNA

<213> Artificial Sequence

<220> -
<223> homogenous MassEXTEND protocol prime; extension
assay methylation specifiec CGI137 reverse primer

<400> 48
tctetaccta caattctata aaanacactt atcca i : 35

<210> 49

<211> 17

<212> pNA .

<213> Artificial Sequence

<220>
<223> homogenous MassEXTEND protocol primer extension
assay methylation specific CGI137 extension primer

<400> 49 ,
atccecaaca ttttece : 17

10



<223> heat shock transcription factor 2 bindi n9 :
protein (HSF2BP) region A R-primer <400> 41PCI/6B 2007/ 001627
Cracaacrac cataaacraa acra24 <210> 42 <211> 28 <212>
DNA <213> Artificial Sequence <220> <223> heat shock
transcription factor 2 binding protein (HSF2BP)
<1056 on B F-priner <400> 42 gtttaaatay gttggygtyg
<2119t3:8000t 28 <210> 43 <211> 35 <212> DNA <213>
<z128rnaf i ci al Sequence <220> <223> heat shock
<213t rianscidipl isepudnaet or 2 bi ndi ng protein (HSF2BP)
region B R primer <400> 43 ttacatcaaa aactaacttt
<9~’2C'E(:ttlc:t actt tacaa35 <210> 44 <211> 26 <212> DNA <213>
LI R P TP ATY SEY fRCE "2 208" L0259 806 AL region A
F-pFiner PCT/GB 20D7/ 0 0 1 6 2 7 <400> 44
<4p09tdoy0gt ygg gaggttttgt gatatt26 <210> 45 <211> 33
CggagkRt2x IMNAG21B8xtledttdicicat Sequence <220> <223> 33
. COL6A1l region A R-primer <400> 45 aactacraaa
<21l0gprdaat aaac aaccrttaac ata33 <210> 46 <211> 30 <212>

<21l <213> Artificial Sequence <220> <223> COL6Al
<212> 72N

§%&E9£‘i@f‘ Li1 L <400> 46- tyggtttatt gyggttgtat
<213 el R0 47 <211> 26 <2125 DNA 22135

<z2z0Artificial Sequence <220> <223> COL6Al region B
<223R-IplbmmeboxA@6e sfitletest dAtE vyacydcact aaccaab
<Z1osim8 <211> 35 <212> DNA <213> Artificial Sequence
<100 0> <223> hon’ogenou;s, I\/_assEXTEN_Dfpr otC&C(iIs?pri mer
xtens ation specific revers
cmt%:rqlcﬁgrétgg?)%gﬁ%a?%{agfyaccta caattctata aaaaacactt %
<z2108txca3d5 <210> 49 <211> 17 <212> DNA <213> Artificial
<2118euence <220> <223> honpbgenous MassEXTEND pr ot ocol
<2lipriNfrer, extensi on assay met hyl ation specific C3 137
<2L3grEhSicont PRATAEF <400> 49 atccccaaca ttttcccl?
<220PCT/ GB 2007 / 0 0 1 6 2.7 <210> 50 <211> 33 <212> DNA
<2235 3b33cAbbif1h6d alnoeUNaNeercs320%:5223> hol ocar boxyl ase
synbhetease (HLCS) region A F-prinmer <400> 50
ggagtgttaa atttggttat ttttgtttgt tat33 <210> 51 <211>
<400282<212> DNA <213> Artificial Sequence <220> <223>
agsaigPeR b bXr as ¢ 9E§9FHet ase (HLCS) region A R-pri nef’
<21054Q0> 51 crctaccctt ctccactaac tactcaaa28 <210> 52
<2115251> 29 <212> DNA <213> Artificial Sequence <220>

<212> DNA .
<213> Artificial Sequence

<220>
<223> holoéarboxylése synthetase (HLCS) region Bl
R-primer

<400> 53
ctaaacaccce raatccecccaa aa 22

<210> 54

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> holocarboxylase synthetase (HLCS) region B2
F-primer

<400> 54 ' :
gttttagtty gtgtgygttag aggtggt. 27

i1



<223> hol ocar boxyl ase synthetase (HLCS) regi

on. Bl |
F-primer <400> 52. aggagttaga ygttttagtt ygt gpgbfﬁ&@ﬁlﬂ/ 0016

<210> 53 <211> 22 <212> DNA <213> Artifiecial Sequence
<220> <223> hol ocar boxyl ase synthetase (HLCS) region
Bl R-primer <400> 53 ctaaacaccc raatccccaa aa22 <210>
<21®@A455211> 27 <212> DNA <213> Artificial Sequence <220>
<21x228> hol ocar boxyl ase synthetase (HLCS) regi on B2
<217%- pA ner <400> 54 gttttagtty gtgtggttag aggtggt 27
<2LPCyudBigigd7iea@errel 6 2 7 <210> 55 <211> 31 <212? DNA
<220<>213> Artifi I(z|i al Sequence <2é0> <223> Zgloocggboxyl ase
ynt i.on - pr. < >
Qz%tmllggé%t%gyé\aasga Eggg%s?o(gggsa)aég L °a <210> 56 <211>
28 <212> DNA <213> Artificial Sequence <220> <223>
<400€@H0N09 F-prinmer <400> 56 aaaaggygtt tggtyggtta
ctaspgzafiet ac28cacRi(becbFaacgd > 33 <212> DNA <213> . 31
Artificial Sequence <220> <223> CA 009 R-prinmer <400>
<2108 75%aact aaaat cracrtacct acaataccaa aaa33 <210> 58

:Sﬁﬁéﬁg 24 <212> DNA <213> Artificial Sequence <220>

<21352232:Q6h1 32 FsRi Mer <400> 58 ttgygggtta yggggattta
gttt24 <210> 59 <211> 24 <212> DNA <213> Artificial

L2208equence <220> <223> CA132 R-pr nmer <400> 59
<223z EA48T Fapri@ehaccaaac ctaa24 <210> 60 <211> 17 <212>
{4005}% <213> Artificial Seguenlce PCT/GE 2007/(E|LOCS)1 6
<223> arboxyl ase synt het ase

y&?ltgtz%%gy%%g%ﬁg?%t%\%e PCR forward primer <400> 60°°
<2108Cgt gt ggcc agaggt gl7 <210> 61 <211> 18 <212> DNA
<211=xZ8B3> Artificial Sequence <220> <223> hol ocar boxyl ase
<2l2yyiihet ase (HLCS) real tinme quantitative PCR reverse
<213p Akt icdad PSP gggagecgg aacctaccl8 <210> 62 <211>
<2020 <212> DNA <213> Artificial Sequence <220> <223>
<223f eghodd RE,QWapti tati ve PCR TagMan probe <221>

nodi fi ed I:l))ase <222> (1)...(17 <223> n t nodified by
<4006F2M <221> nodi fi ed base .

aaactaaaat cracrtacct aczataccaa aaa 33

azaa
r

<210> 58 .

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
€223> CGI1l32 F-primer

<400> 58
ttgygggtta yvggggattta gttt 24

<210> 59

<211> 24

<212> DNA

<213> Artificial Sequence

<220>.
<223> CGI132 R-primer

<400> 59
.¢raaaacraa craaccaaag ctaa - ) 24

<Z210> 60
<2113 17

<212> DNA
<213> Artificial Sequence

1z

By

27



<222> (20)...(0) <223> n = c nodi fied by
62 ncccgacctg gccctttgen20 13

<220> ..
<223> holocarboxylase synthetase (HLCS) real time
qgquantitative PCR forward primer

<400> 60
cogtgtggee agaggtg

<210> 61

<211> 18

<212> DNA

<213> Artificial Sequernce

<220> .
<223> holocarboxylase synthetase (HLCS) real-time
quantitative PCR reverse primer

<400> 61 ,
tgggagcggg aacctacc

€210> 62

<211l> 20

<212> DNA

<213> Artificial Sequence

<220> .
<223> real time quantitative PCR TagMan probe

<221> modified base
<4225 {1)...(1)
<223> n = t modified by 6FAM

<221> modified base
<222> (20)...{20)
<223> n = c modified by TAMRA

<400> 62
nccecgacetg geeetttgen

13

TR UG 7001627

17

18

20

A



