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BIOMARKERS FOR DOWN SYNDROME PRENATAL DIAGNOSIS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[1] This application claims the benefit of priority of Singapore patent application No. 

5 201207172-6, filed 26 September 2012, the contents of it being hereby incorporated by 

reference in its entirety for all purposes. 

FIELD OF THE INVENTION 

[2] The present invention relates to biochemistry in particular biomarkers/biomarker 

10 regions. In particular, the present invention relates to biomarker/biomarker regions associated 

with Down syndrome and methods of using the biomarkers to determine the likelihood that a 

foetus will have Down syndrome. 

BACKGROUND OF THE INVENTION 

, 15 [3] Current methods for screening congenital diseases in foetus include ultrasound 

such as foetal nuchal translucency (NT) and other tests to detect biomarkers found in 

maternal serum. For example, in screens for Down syndrome, biomarkers measured include 

the amount of alpha fetoprotein (AFP) and human chorionic gonadotropin, which are 

produced by the foetus and the placenta and can be detected in the maternal serum. Together 

20 with the age of the mother and results of foetal nuchal translucency scan, the measurements 

of alpha fetoprotein and human chorionic gonadotropin are used to calculate the risk of the 

baby having Down syndrome. When the resulting numerical risk is classified as high risk, to 

confirm the results, an invasive test using chorionic villus sampling (CVS) or amniocentesis 

to obtain foetal tissue is required. As chorionic villus sampling or amniocentesis involves the 

25 insertion of a fine needle into the womb, these procedures may cause miscarriage. 

[4] Down syndrome, or Mongolism, is a congenital condition caused by a defect in the 

chromosomes. An individual born with Down syndrome has three copies of chromosome 21, 

instead of the usual two, thus causing the disease to be also known as trisomy 21. 

[5] The cause of Down syndrome is unclear and no direct genotype-phenotype 

30 associations have been established. However, certain conditions such as advanced maternal 
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age and history of having another child or previous pregnancy with Down syndrome are 

found to increase risk of having a foetus with Down syndrome. As an individual with Down 

syndrome would develop complex clinical features and symptoms such as lifelong mental 

retardation, development delays and other problems such as seizures, thyroid disorders, 

cardiac defects, an increased risk of leukaemia, infertility, gastrointestinal defects and early 

aging, there is a need to provide for an accurate detection of a foetus with trisomy 21. 

[6] Since the current screening markers offer low specificity and reliable screening 

methods rely on the collection of amniotic fluid via amniocentesis or chorionic villus 

sampling sample, there is a need to provide alternative methods or biomarkers that can be 

10 used to screen diseases in foetus. 

SUMMARY OF THE INVENTION 

[7] In one aspect, there is provided an isolated biomarker/biomarker region comprising 

a DNA region of the human genome selected from a DNA region listed in any one of tables 3 

15 to 6 (groups 3, 4, 1' and 2'). 

[8] In another aspect, there is provided an isolated biomarker/biomarker region for 

detecting trisomy 21 or partial trisomy 21, comprising a DNA region of the human genome 

selected from a DNA region listed in any one of tables 3 to 6 (groups 3, 4, l' and 2'). 

[9] In yet another aspect, there is provided an isolated biomarker/biomarker region 

20 comprising a DNA region of the human genome selected from a DNA region listed in any 

one of tables 1 to 4 and 7 to 8 (groups 1 to 4 and Mix10 Group 1 and Mix10 Group 2 

respectively), wherein the level of DNA-methylation of any one of the biomarker/biomarker 

regions in a diseased sample is different from the level of DNA-methylation in the same 

biomarker/biomarker region of a non-diseased control DNA. 

25 [0010] 	In yet another aspect there is provided a method determining the likelihood of a 

foetus to suffer from a specific disease. The method comprising the steps of: a) providing an 

isolated total DNA sample from a pregnant woman, comprising foetal DNA and maternal 

DNA. Further comprising the steps of: b) removing maternal DNA background; c) measuring 

a signal indicative for the level of foetal DNA based on one or more biomarkers/biomarker 

30 regions, where in the case where the maternal DNA background had a level of methylation 

below 10%, the signal is the level of methylated foetal DNA and in the case where the 
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maternal DNA background had a level of methylation above 90%, the signal is the level of 

unmethylated foetal DNA; d) determining a ratio of signals obtained under step c) by 

dividing the signals of one or more of Group 1 and/or Group 3 biomarkers/biomarker regions 

over the signals of one or more of Group 2 and/or Group 4 biomarkers/biomarker regions, 

wherein a ratio higher than the ratio determined in control foetal DNA obtained from a non-

diseased foetus indicates that the foetus is likely to suffer from the specific disease. In one 

example, each of the groups is characterized by: 

[0011] 	Group 1: maternal DNA background has a level of methylation below 10% and the 

signal of the biomarker/biomarker region is higher in foetal DNA obtained from a foetus 

10 suffering from the specific disease compared to the same biomarker/biomarker region in 

control foetal DNA obtained from a foetus not suffering from the disease. 

[0012] 	Group 2: maternal DNA background has a level of methylation below 10% and the 

signal of the biomarker/biomarker region is lower in foetal DNA obtained from a foetus 

suffering from the specific disease compared to the same biomarker/biomarker region in 

15 control foetal DNA obtained from a foetus not suffering from the disease. 

[0013] 	Group 3: maternal DNA background has a level of methylation above 90% and the 

signal of the biomarker/biomarker region is higher in foetal DNA obtained from a foetus 

suffering from the specific disease compared to the same biomarker/biomarker region in 

control foetal DNA obtained from a foetus not suffering from the disease. 

20 [0014] 	Group 4: maternal DNA background has a level of methylation above 90% and the 

signal of the biomarker/biomarker region is lower in foetal DNA obtained from a foetus 

suffering from the specific disease compared to the same biomarker/biomarker region in 

control foetal DNA obtained from a foetus not suffering from the disease. 	- 

[0015] 	In yet another aspect, there is provided a method of determining the likelihood of a 

25 foetus to suffer from trisomy 21 or partial trisomy 21. The method comprising the steps of: a) 

providing an isolated total DNA sample from a pregnant woman, comprising foetal DNA and 

maternal DNA; b) removing maternal DNA background; c) measuring a signal indicative for 

the level of foetal DNA based on one or more biomarkers/biomarker regions listed in any one 

of Tables 1 to 8, where in the case where the maternal DNA background had a level of 

30 methylation below 10%; the signal is the level of methylated foetal DNA and in the case 

where the maternal DNA background had a level of methylation above 90%, the signal is the 
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level of unmethylated foetal DNA; d) determining a ratio of signals obtained under step c) by 

dividing the signals of one or more of Group 1 and/or Group 3 biomarkers/biomarker regions 

over the signals of one or more of Group 2 and/or Group 4 biomarkers/biomarker regions, 

wherein a ratio higher than the ratio determined in control foetal DNA obtained from a non- 

5 diseased foetus indicates that the foetus is likely to suffer from trisomy 21 or partial trisomy 

21. In one example, each of the groups is characterized by: 

[0016] 	Group 1: biomarker/biomarker region listed in Table 1 (Group 1), Table 5 (Group 

1'), or Table 7 (Mix 10 Group 1). 

[0017] 	Group 2: biomarker/biomarker region listed in Table 2 (Group 2) or Table 6 (Group 

10 2'), or Table 8 (Mix 1 0 Group 2). 

[0018] 	Group 3: biomarker/biomarker region listed in Table 3 (Group 3). 

[0019] 	Group 4: biomarker/biomarker region listed in Table 4 (Group 4). 

[0020] 	In yet another aspect there is provided a kit comprising primers for amplifying the 

one or more biomarkers/biomarker regions selected from any one of the DNA regions of the 

15 human genome listed in any one of tables 3 to 6 (groups 3, 4, 1' and 2'). The kit further 

comprises one or more reagents for measuring a signal indicative for the level of foetal DNA 

based on the one or more biomarkers/biomarker regions. 

[0021] 	In yet another aspect there is provided a kit comprising primers for amplifying the 

one or more biomarkers/biomarker regions selected from any one of the DNA regions of the 

20 human genome listed in any one of tables 1 to 4 (groups 1 to 4). The kit further comprises 

one or more reagents for measuring a signal indicative for the level of foetal DNA based on 

the one or more biomarkers/biomarker regions. 

[0022] 	In yet another aspect there is provided a kit comprising primers for amplifying the 

one or more biomarkers/biomarker regions selected from any one of the DNA regions of the 

25 human genome listed in any one of tables 7 to 8 (Mix 1 0 Group 1 and Mix10 Group 2). The 

kit further comprises one or more reagents for measuring a signal indicative for the level of 

foetal DNA based on the one or more biomarkers/biomarker regions. 

[0023] 	In yet another aspect there is provided a method of determining the methylation 

levels of a biomarker/biomarker region comprising the steps of: a) treating a sample 

30 comprising both foetal and maternal DNA with a reagent that differentially modifies 

methylated and non-methylated DNA. The method further comprises b) calculating the 
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percentage of unmodified cytosine residues over the total number of modified and 

unmodified 	cytosine 	residues 	in 	order 	to 	determine 	the 	methylation 	levels 	of a 

biomarker/biomarker region. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 	The invention will be better understood with reference to the detailed description 

when considered in conjunction with the non-limiting examples and the accompanying 

drawings. 

[0025] 	Figure 1: Schematic illustration of the steps performed in Example 2, whereby a 

10 trisomy 21 (T21) foetus detection using methylation biomarkers is performed. The steps are 

explained in detail in the description. The result of performing these steps is a differentiation 

between a trisomy 21 foetus and a normal foetus by quantifying the foetal-specific DNA, 

utilizing a universal qPCR primer pair and group specific probes. If the ratio between group 1 

and group 2 is high, then the foetus is deemed to be trisomy 21; if the ratio is low, then the 

15 foetus is deemed to be normal. The group specific probes are defined according to tables 7 

and 8. Figure 1 illustrates one example of the application of the method of the present 

disclosure in determining the likelihood of a foetus having trisomy 21. 

[0026] 	Figure 2: Signal difference between Group 1 and Group 2 biomarkers with probe 

mix10. This histogram shows data resulting from a DNA analysis using Group 1 and Group 2 

20 biomarkers on trisomy 21 (T21) and normal samples. The difference shown here is the result 

of different methylations between the trisomy 21 and the normal group when using probe 

mix10, which,  contains 35 biomarkers from Group 1 and 26 biomarkers from Group 2. The 

details of probe sequences and their target biomarkers are listed in Mix10 Group 1 (see Table 

7) and Mix10 Group 2 (see Table 8). Thus, Figure 2 demonstrates an exemplary data that may 

25 be obtained from a method of the present disclosure, showing samples obtained from trisomy 

21 are markedly different from sample obtained from normal individual. 

[0027] 	Figure 3: Signal difference between normal and trisomy 21 (T21) foetal DNA with 

probe mix10. This histogram here visualizes the difference in the signal intensity between 

trisomy 21 and normal tissues. AACt (Group2 — Groupl) values from probe mix10, whose 

30 methylation difference between normal and trisomy 21 tissues is the biggest among all 

combinations of probe mixtures tested, is shown. Thus, Figure 3 shows clear differences 
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observed in signals obtained from samples analysed using the biomarker/biomarker regions 

of the present disclosure. 

[0028] 	Figure 4: Sensitivity assessment on probe mixl 0 showing (A) ACt (Group2 — 

Groupl) and (B) AACt (Group2 — Groupl) with different concentration of spiked foetal 

DNA. The sample spiked in with trisomy 21 (T21) placenta DNA (mimicking a maternal 

plasma sample from a woman pregnant with a trisomy 21 foetus) was clearly different from 

the sample spiked in with normal CVS DNA (mimicking a maternal plasma sample from a 

woman pregnant with a non- trisomy 21 foetus). 	Thus, Figure 4 shows the sensitivity of 

probes for the detection of biomarker/biomarker regions of the present disclosure. 

10 [0029] 	Figure 5: Detection of methylated genomic DNA signal in maternal plasma. (A) 

The figure shows a one-dimensional scatter plot, representing the DNA methylation level in 

the examined biomarkers. (B) shows another scatter plot, this time depicting the methylation 

ratio of Group 1 and Group 2 from maternal plasma samples. This comparison visualizes the 

higher values of methylation ratio of Group 1 and Group 2 in trisomy 21 (T21) samples than 

15 in 	normal 	samples. 	Thus, 	Figure 	5 	demonstrates 	that 	DNA-methylation 	level 	of 

biomarker/biomarker regions of the present disclosure obtained from trisomy 21 sample is 

markedly different from DNA-methylation level of samples obtained from non-trisomy 21 

sample (normal). 

20 BRIEF DESCRIPTION OF THE TABLES 

[0030] 	Table A shows the classification of different biomarker/biomarker regions as Groups 1 to 

4. 

[0031] 	Table B shows the DNA methylation of DNA obtained from normal chorionic villus 

sample versus Trisomy 21 chorionic villus sample or placenta. 

25 [0032] 	Table C shows the DNA methylation of DNA obtained from Trisomy 21 chorionic villus 

sample or placenta versus normal chorionic villus sample. 

[0033] 	Table 1 lists biomarker/biomarker regions that fall within Group 1 as described 

herein. 

[0034] 	Table 2 lists biomarker/biomarker regions that fall within Group 2 as described 

30 herein. 

[0035] 	Table 3 lists biomarker/biomarker regions that fall within Group 3 as described 

herein. 
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[0036] 	Table 4 lists biomarker/biomarker regions that fall within Group 4 as described 

herein. 

[0037] 	Table 5 lists biomarker/biomarker regions that fall within Group 1' as described 

herein. 

5 	[0038] 	Table 6 lists biomarker/biomarker regions that fall within Group 2' as described 

herein. 

[0039] 	Table 7 lists biomarker/biomarker regions that fall within Mix10 Group 1 as 

described herein. 

[0040] 	Table 8 lists biomarker/biomarker regions that fall within Mix10 Group 2 as 

10 	described herein. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

[0041] 	The 	inventors 	of the 	present 	disclosure 	found 	that 	depending 	on 	the 

15 	biomarker/biomarker region, the level of DNA-methylation in a foetal DNA and maternal 

DNA may be different such that the differences may be used to differentiate (1) maternal 

DNA from foetal DNA and (2) foetal DNA from a foetal with or without the condition or 

disease. As used herein, the term "disease" and "condition" are interchangeably used to refer 

to a condition that is not considered to be the norm, normal or healthy. In one example, the 

20 	disease or condition is Down syndrome or trisomy 21. As used herein, "DNA-methylation" 

refers to the addition of a methyl group to the cytosine or adenine nucleotides in a DNA 

sequence. The term "maternal DNA" refers to DNA or polynucleotide obtained from the 

mother of the foetus or the individual within whose womb the foetus is carried. In one 

example, the maternal DNA may include, but is not limited to maternal DNA obtained from 

25 	tissue or cell samples and maternal peripheral blood DNA. In contrast, the term "foetal DNA" 

refers to DNA or polynucleotide obtained from the foetus or the individual suspected to have 

the condition or disease. 

[0042] 	For example, when maternal blood DNA is close to zero methylation, methylation 

sensitive enzymes may be used to digest maternal DNA, thus isolating the methylated foetal 

30 	DNA intact for further analysis. The phrase "zero methylation" means substantially none or 

about 1%, about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 
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9% or about 10% methylation observed. In contrast, when the region in the maternal blood 

DNA is highly methylated, methylation dependent enzymes can be used to digest maternal 

DNA to thus isolate the non-methylated foetal DNA intact for further analysis. The phrase 

"highly methylated" refers to fully, substantially fully or close to 100% methylation or about 

5 100%, about 99%, about 98%, about 97%, about 96%, about 95%, about 94%, about 93%, 

about 92% or. about 90%. Upon removal of maternal DNA by the degree of methylation 

observed in the maternal DNA, the level of DNA-methylation of the isolated foetal DNA is 

then analysed. The inventors of the present disclosure found that the isolated foetal DNA 

from a foetus with a condition or disease would typically be differentially methylated as 

10 compared to a foetus without the condition or disease. 

[0043] 	Accordingly, disclosed is a method of determining the methylation levels of a 

biomarker/biornarker region. The method may comprise the steps of: a) treating a sample 

comprising both foetal and maternal DNA with a reagent that differentially modifies 

methylated and non-methylated DNA. The method may further comprise b) calculating the 

15 percentage of unmodified cytosine residues over the total number of modified and 

unmodified 	cytosine 	residues 	in 	order 	to 	determine 	the 	methylation 	levels 	of a 

biomarker/biomarker region. For example, the reagents may include, but are not limited to 

sodium bisulfite, one or more enzymes that only cleave methylated DNA, such as 

methylation dependent enzyme and one or more enzymes that only cleave non-methylated 

20 DNA, such as methylation sensitive enzyme. The method of determining the methylation 

level of biomarker/biomarker region as disclosed herein may further comprise the step of 

bisulfite sequencing, which may be performed before the step of calculating the percentage of 

unmodified cytosine residues (i.e. step (b) of the method as described herein). The step of 

bisulfite sequencing may be a reduced representation bisulfite sequencing (RRBS), which is 

25 used to quantify genome wide DNA-methylation profiles in placenta samples from normal 

individual or individual with the disease or condition. From bisulfite sequencing step, signals 

detected from the unmodified cytosine residues and the modified cytosine residues are 

compared to calculate the methylation level. 

[0044] 	The method of determining the methylation levels of a biomarker/biomarker region 

30 paves the way to an object of the present disclosure of providing a method of screening for 

biomarker/biomarker regions for Down syndrome. The term "trisomy 21" may be used 
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interchangeably with "Down syndrome" and as used herein refers to a state where an 

individual or subject or foetus's karyotype is characterized by a complete or partial 

triplication of human chromosome 21 (HSA21). When an individual or subject or foetus's has 

partial triplication of human chromosome 21, the individual would be known as a partial 

5 trisomy 21. Trisomy 21 leads to complex clinical features and symptoms, for example mental 

retardation, Alzheimer's disease, seizures, thyroid disorders, cardiac defects, an increased risk 

of leukaemia, infertility, gastrointestinal defects and early aging. 

[0045] 	When the disease or condition is Down syndrome, differentially methylated 

regions may be selected based on following steps. First, individual CpG sites may be 

10 selected. 	Methylation 	level 	of 	each 	CpG 	site 	may 	be 	calculated 	as: 

Methylation level for a CpG = Count of Cytosine / (Count of Cytosine + Count of 

Thymine)*100 %. 

[0046] 	Individual CpG sites may be selected using the following criteria: 

1) present in at least two normal chorionic villus sample, three T21 chorionic villus 

15 sample/placenta, and one maternal blood samples; 

2) with difference of average(normal) - average(T21) > 10% or difference of 

average(T21) - average(normal) > 10%; 

3) with a Wilcoxon Rank Sum test p value of <0.05. 

[0047] 	Next, genomic regions with differential methylation between normal and T21 

20 placenta samples may be selected using the following criteria: 

1) at least 2 CpGs (preferrably at least 3 CpGs) with a distance of not more than 

150bp from its nearest neighbor; 

2) the average methylation of such regions in maternal blood samples may be either > 

90% or < 10%; 

25 3) average 	methylation 	of 	such 	regions 	in 	normal 	samples, 	named 	as 

(average(normal)(region)); and average methylation of such regions in T21 samples named as 

(average (T21)(region)). 

[0048] 	The difference between average (normal)(region) and average (T21)(region) may 

be at least 10%, except when average maternal blood < 10%, regions with average 

30 (nonnal)(region) ? average(T21)(region) may be also included. 
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[0049] 	In another example, further selection criteria may be used for more stringent final 

biomarker selection: 

be 

1. For methylation regions with an average(maternal blood) < 10%, regions that may 

5 1) with average(T21) - average(normal) _>_. 25%; or 

2) average(T21) 	- 	average(normal) 	between 	15-25% 	and 	ratio 	of 

average(T21)/average(normal) > 3; or 

3) average(T21) 	average(normal) 	between 	10-15% 	and 	ratio 	of 

average(T21)/average(normal) > 5 may be selected. 

10 These regions may be listed as Group 1 biomarkers after an extension of 500-

bp both up and downstream for each region. 

2. For methylation regions with an average(maternal blood) < 10%, regions that may 

be: 

1) average(normal) - average(T21) _?_ 10%; or 

15 2) a subset of regions with average(T21) < average(normal) were selected. 

These regions may be listed as Group 2 biomarkers after an extension of 500-

bp both up and downstream for each region. 

3. For methylation regions with an average(maternal blood) > 90%, regions that have: 

1) average(nonnal) — average(T21) > 25%, or 

20 2) (average(normal) — average(T21)) between 15-25% and ratio of (1 -

average(T21))/(1 - average(normal)) > 2 were selected. 

These regions may be listed as Group 3 biomarkers after an extension of 500-

bp both up and downstream for each region. 

4. For methylation regions with an average(maternal blood) > 90%, regions that 

25 have: 

1) average(T21) 	— 	average(normal) 	> 	25% 	and 	ratio 	of 	(1 	— 

average(normal))/(1 — average(T21)) > 2, or 

2) (average(T21) — average(normal)) between 10-25% and ratio of (1 —

average(normal))/(1 — average(T21)) > 3 were selected. 

30 These may be listed as Group 4 biomarkers after an extension of 500-bp both 

up and downstream for each region. 
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Table A - Classification of different biomarker/biomarker regions as Groups 1 to 4. 

Group Biomarkers falling 

within Group 

DNA methylation level 

T21 vs. Normal foetus 

DNA methylation level 

Maternal DNA 	. 

Group 1 Tables 1, 5 and 7 T21 > Normal < 10% methylation 

Group 2 Tables 2, 6 and 8 T21 < Normal - < 10% methylation 

Group 3 Table 3 T21 < Normal > 90% methylation 

Group 4 Table 4 T21 > Normal > 90% methylation 

[0050] 	Tables B and C below list exemplary biomarker/biomarker regions where 

differences in DNA methylation level may be observed between DNA from maternal blood, 

DNA from normal sample and DNA from Trisomy 21 sample. 

Table B - DNA methylation with Normal chorionic villus sample (CVS) > Trisomy 21 chorionic 

villus sample/placenta 

DNA Methylation level (%) 

Chr Position 
Maternal 

Blood 
Normal 

CVS 
T21 

CVS/placenta 
Regional 

Difference Gene Name 
Functional 

Group 

chr7 
6524601- 

6524671 97.5 . 57.7 21.2 36.5 KDELR2 
Promoter 

chr17 
2279396- 

2279515 97.0 62.6 34.2 28.4 SGSM2 

Intragenic 

chr8 

92785473- 

92785570 97.1 82.6 54.5 28.1 

Intergenic 

chr2 

177042793 

177042924 1.1 37.2 12.0 25.2 BC047481 

Promoter 

chr19 
2621909- 

2621929 2.4 35.0 12.6 22.4 GNG7 

Intragenic 

Table C- DNA methylation with Trisomy 21 chorionic villus sample (CVS)/placenta > Normal 

chorionic villus sample (CVS) 

DNA Methylation level (%) 

Chr Position 

Maternal 

Blood 
Normal 

CVS 
T21 

CVS/placenta 
Regional 

Difference 
Gene 
Name 

Functional 

Group 
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chr15 

89950295- 

89950453  
.. 
	

3.3 

 
18.7 59.3 40.6 

Intergenic 

chr21 

38630505- 

1.9 47.0 • 82.8 
- 	35.8 DSCR3 

Intragenic 

chr7 

3

9

8

8

6

1

3

3

0

5

7

4

2

7

8
-4 

49813563 2.3 5.9 40.5 34.6 VWC2 
Promoter 

chr4 

1189248- 

1189282 98.2 34.6 73.4 38.8 

LOC100 

130872 

US 

chr2 2 
48391057- 

48391113 100.0 55.0 90.5 35.5 

. 
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chr16 88449175-88450191 

chr11 32460086-32461090 

chr1 53098242-53099332 
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V', ni,:f 	.... .. 	:::.'.:::*. :. 	- . -.7_,g•i•ii,.-T,i;E.•..it.iE: . ;iii!ji ro ,. SEQ ID SEQ ID 
.................. iliChiii '' 1:13.6sitlitiii±50017 taset:':: : First Probe sequence (5'.›3') NO: Second Probe sequence (5.-->31 	- NO: 

i.';'::E-;,•, 	!.ili.T.E.,::.:i;!-. 	•-,i ,.,,. 	.... . , ... , 	::':.. 	....... '' 	.. 	 GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTACTCCGCGTAPAGCCGGC 1 2 
:::_chi20.: 	:, •623275.56;6232868iV.:::!'-•• 1:4- ACCGG CAGCAGGGCAGGCAGCGCCAACATCGATGCGAACGTGCG 

:];', .. 	F.:: .:.: 	9: 	.. ' 	. 	. 1 ::;';N: ...................... ••-..,;•:.-.,•• 	•  ''''',,, ",' GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTCCCGGACCTGCGCCGGCC 3 4 
,F;7;::CliiI,., . 	5; '50.56795287.;156796392 ,.. 	,,,Cr:. CCTGCG CCTCCAGCAGGCCGCTCAGTCGCCGCGGATCGATGCGAACGTGCG 

 	'..::.... 	.....F.r "' 	, 	_ . „ 	,. . . 	, 	.. i•:,!:1: ,',' 	7.:••4: GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTGGGACAGAGCGCAGGAT 5 6 
:::, 	:i  OTIS,: 	.. ...- 	99497989950953.1',,,,.. ,. 	..3 	.,- CCTCTGCG CTTGCGGACTGGGAGCGGGCGGATCGATGCGAACGTGCG 

?•,.',;:j.:;!!.;I:T•  .1: . 	 ,Ii:IT'.;.iii;',.1:! . 	,..:, . GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTCCCAGCCTTCTGGGCAGG 7 8 
F:7..h,Ciiii6:;. 	2  ' 	630•ii'li9635808—:     	.!: 	- CGCAT . GGCCGGGCGGCGCCCAGCCCTCGATGCGAACGTGCG 
I•-tii:: 	i: .... 	',.'! - 	-,z' 	,7 	.‘ 	 i.  GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTCGCGTTTCCCGGGGAAAA , 9 10. 

'clulti': .,,S,,;.i .  .9.07571541907582135,'.' :: ,•::•• 	' GCGGA 	. TCCCGGAGAAGCAGCCTAATCTCTCAGCCCTTCGATGCGAACGTGCG 
.. i., . , . ,.F ....... 	-  ,,...  	,,,,....... 	, ,`  GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTCCGTGGGTGAGIGGGAG 11. 	• 12 
''.•:•'1,i---ctftzl!:: ;11.046.40269i104641588: :._ GGTCCG. GGACTGCAGACCGGTGGCGATGGCCTCGATGCGAACGTGCG 

i]: . '1 .... - 	' ":_ 	',f.• _ 	:., 	7...,7,..j..-,.- i . :i,;• 	.. ' ... GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTGGCCGTGCATCTGCGCAA 13 14 
r:i!:eirii;  	,- ,,-' 	.474295844744103wj 7...z. CGCTG GCTTGGGAGCCGGCCGGTGGTGGTCGATGCGAACGTGCG 
..T.i .4!-::::i,-- i,-,- 

'.3ch. r14.: 
, 	,,,,, .i.....:A4ni, . 	'.4f:..' . 
 	373413'i3403740259:.; 

-- 	, 
.,'8;; ,-.,  

GCATGGgGCTGAGATCGTTCCACAGTATGAATCTCTTCCAGCTTCCGCGTACCTG 
CGCG 

.15 
CACACCGGGTCCCCCGCGGCCTTCGATGCGAACGTGCG 

16 

::!..s. 1,•-,:..-.„, 	- ,.,' 	............. 	- . %F.. 	„:.: ....................... ... 	. GCATGGCTGCTGAGATCGTICCACAGTATGAATCTCTCGCCCCGGAGCGGGCGC 17 . 18 
i;..;!-:ciiii.'-'• -%,.,10373913i40174.625;9i!T ' .!:::. 	, .GTCCT . TCTGGACCACCCAGGCTTGGCGAGGTCGATGCGAACGTGCG 

I:•;,:•` 

 	

014/051522 PCT/SG2013/0004: 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTCCAATGCCCTTCTCCGCGC 19 20 
,..fc1I11.t 	,. 42797438427987.86*'   	'i 	-: 	Hi, 	' TCCT AGCGCGGTTACTGGGCGCTGCCCTCGATGCGAACGTGCG . 	- 

.:. ii-f.::F.: ..... 	— 	.."! . ''.; 	. 	..4  . ,..:, 	..... ' 	' 	.... GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTGCCCCCGTCGTGCCCGTG 21 ..  22 
''', :-. ................... -,,, 27474384279.8786:.:a 

	

. 	: .. 	. 	.. 	. 	. 1','' CTCC ' GGAGCGCTAGTCTCCGCCACGAACGTCGATGCGAACGTGCG' 
'.:.'•,;::,!.... 	:...-,: 	. f: . 	'  "";;..: 	  „ 	J.• GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTCCGGTGTCGTCCCCCATCG 23 24 

10..C1:.i 
•• :. 	,.. 	..., 	.,..: 

Eloiiii66;roigi,iiii:7; .... 	, TTACGCAG CGCGTTCGTGCCAGGGCAGGTCTGTCGATGCGAACGTGCG 
.,,•,..:,,,,;:?,  

	

.i. 	,••... 	• 	.•• 

	

t-:%•• 	.cbr8.,...;. 
. 	.. 	  ,,., .... • 	•,...4:- .......... :::. . :•••, .. , .. ,•• 	... :,,, 

1I.131.35245411).31165.02!.] 
,-• 

.,.. 	-' 
GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTGCTGGATCCCGGGCCTGC 
GGAGT 

25 • 
CTGCCCGGAAAGGCCACAGGAGGCTCGATGCGAACGTGCG 

26 

''F;i.:;!:;:,.:::.  ..... ' 	''• 	:''' . : 	:".' 	'. ;'. . • - GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTGCAGCCGCTCCAGCAGGC 27 28 
i:•• ................ 	, ...... . 	.... 33S9.0446;335.91.598 .‘  GCCG GTAGTAGCGCAGCCCCTCGCGGTTGGICGATGCGAACGTGCG 

..... 	-.-•: 	. - GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTGTGAGCGCGTTCCTCGGC 29 30 
K.,:T:,:c.bi,10.,,,..L, .,..109673855:.•10967512 ....... 	S: 	: GGCG CGGCGCGGCGCTCTGGETCCTCCTCGATGCGAACGTGCG 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTGTGCGAGCACTACCGGTG 31 32 
1,,14! ........... 	 .132158175 132159485 '?165...:GAGGAGC TGCGCGTCTATTGCGCCCTGCTGTCGATGCGAACGTGCG 

'' 	.,lu ,.,i 	E. i%:-'.i]il::: . ,.f .:." .. 	.: GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTACCTGCGCGCTCCGCCTG 33 . . 34 
ts]::chr7.;7 i: . :,,!.:• .i .,.:-.0$13047.49814063.."•,, . 	' GCGC 	. GCACACCGGGCTAGGGCGTCTCTGGTCGATGCGAACGTECG , . 

i.ft;.i,••:Vehri:11::;i;;-;i 
"' 	" 4 ir'' . '.'' ... i,  

.:..657.79019;45780152:: 
•': GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTCGACCAGGGCCAGGCCC 

AGCGC 
35 • 

CAGCGGGAGGTTCGAACGCGCCATTCGATGCGAACGTGCG 
36 

,!.. 	................. .......... ',7_,'4ii,, ... . 31 	 :j:. : , GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTICCTGCGACTGGAGCGCG  37 38 
1;:, :.3 i;"..WC-bi8.! ,,., 3.563507,23564i7.4 ;i 	.:1: '. 	., AGCGG - 	- AGCTGCCCCGCGGCTTCGCCACATCGATGCGAACGTGCG 

' 	',, 	1,!:i:i:::01: ,..: ':: 	.. ........ .  
 . GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTGCTCTGCACCITCCTCCCC 39 .  

:,--.1,,,..chr8: 	. :a3563507.,23564874:;:i. ',;::,i.2 CAGCGCT -. TTCTTCCCGCGCCCGTCGAATCCTCTCGATGCGAACGTGCG 
IN/ 
l' 



..... 
2hr15. .78932964:78933968  21 	. 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTACCCGGCCCCGCCGGCCA 
TGAGG 

41 
CGCGCGCCTTCCCTGGTCCTTTTCTCGATGCGAACGTGCG  

42 

QD 
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4=. 
5 

U
C

n 

CA 
N 
N 

IV n 

N ,:::, ,-, W 
,T:-.5 ,:::, ,:::, .6. N ,-, 

. - chr2 . 214148641,214149777 .. 2 

GCATGGCTGCTGAGATCG1TCCACAGTATGAATCTCTCCCAACGGCCCCCGGGAG 
CTCTC 

43 

_ GCGAGATTCCGGCATCTCTCACCCCGTCGATGCGAACGTGCG 
44 

chr17 1011822-1012918' 23 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTATGCAGTCCCGGGTCGGG 
AGCCC 

45 
CAGGCCGGGCGCGCGGGTGTAGATCGATGCGAACGTGCG 

46 

. ChrX. • ". .40125892-40126898:. : - Z 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATUCTTGCGCCGGGCGGCTGCG 
CGTCC 

47 
CGGATGCGTCCGCGGCAGAAGATGTCGATGCGAACGTGCG 

48 

chr4 
. 	. 	.. 	. 

90758296-90759398 -. 25 	 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTCGAGGGCAAAGCGCTCTC 
GGCGG 

49 
TGCGGTGTGAGCCACCTCCCGGCGTCGATGCGAACGTGCG 

50 

chr5. '.140011702-140012843 . , 26 ' ' 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTATACTGCCGCGGGICGGC 
GTCCG 

51 
CATCGACGCGCTITAGAAACGGCTCTAGGTTTCGATGCGAACGTGCG 

52 

chr1 . 
_, 	. 	. 

--. 6514210-6515248..,.- • 
.. 

!..., .27 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTCGGCGCGGATCGACGGTG 
AAGCG 

53 

CGGCGCCGACAGGGCGGCCGAGA1TCGATGCGAACGTGCG 

54 

chr9 :: 	. 135645025-135646255 .,- ...,... 28 	: • 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTCGGGCCCGGAGGCCCAG 
CCCCGC 

55 
GCCAAGGGCCACCCCTCGGCGCGTCGATGCGAACGTGCG 

56 

ehr8.: 	. -  25901324-25902546 •... :, ,.29 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTAACACCGGCGCTGGCAGT 
GGCGG 

57 58 
CGCGGGAGGAAAGCCGGCTTCCTGTCGATGCGAACGTGCG 

chr19. 	. . .. 23653426-23654731 ..:: ,. 30. 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTCTGCAGGGCGTGGAGAC 
CCCGCC 

59 
CGGCGCAGAACGCGCTGGCCAGTCGATGCGAACGTGCG 

60 

.. 	: chr20, 	.. 690183-691465'.. . .,.. 31 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTGCGCCCGCAGGCCCGGCC 
GCCGC 

61 
GCTGCCGTCTCGCACCCCATCCGCGCTCGATGCGAACGTGCG _ 

62 

. chr211.: . 	36042057=36043111 , •• 

' 

: 	- 

- 

az., 
GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTGCGGCTCACCCGAGACCC 
GGCGG 

63 
GCCCTTCCTGCCGGACCCTCGGCTCGATGCGAACGTGCG 

64 

:-chr13: . 107186087407187334. . 33- 	.: 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTGGCTGGCGGCGCGGIGC 
CAAGG 

65 
CGCCCCGGCTCCAGGGCTCTGCGTCGATGCGAACGTGCG 

66 

.. 	chE5 	: 42451660142952924 	.. 34:" 

 	GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTATICCCCGGCTTCGCCGG 
ACGC 

67 

CACAGGCAGAGTGCCGCGGGTCGATGCGAACGTGCG 
68 

chr7 	.• `; 156796321156797577. : :- 35 	• : 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCTGCAGCAGCGCTCCACACC 
GCGG 

69 
CTGCAGCGGCTCCGGGTTAATCAGCTCGATGCGAACGTGCG 

70 
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iiiciiaire Oiii6iig00iirc;:; ; 	:set First Probe sequence (5'->3') NO: Second Probe sequence (5.->3') NO: 

-•'-'•';'''''' ?"77:1'4'''"'" ......... 	• 	• ' .... - ' '' '  GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTTGCAGCCTGGCCGCTCGC . 71 	' 72 	. 

_ 	 — 77042293.477.0.4.434.2.4  ".]:•?;:;;1 	 TGAGGC GCGGAGAGCGCGGAACGAGCGCGTCGATGCGAACGTGCG 

..: '' , '' : 	,..,,,..!.;,. -.. 	,..:•-•,- 	;:. ' ,,,:iii'Jn:•'....:•;.!,, ' ;Ii: '''' 	- GCATGECTGCTGAGATCGTTCCACACATAGAGTICTTCTGGACGCGCCGAGAG 73 . 74 
chr17.7- 	 4441.0.50N4481081  	4 	2';',1 CCGCG GCCCGCCCACCGGGTCACATGGTCGATGCGAACGTGCG 

:.t._ii';  GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTTAGACCTGCGCCCGCGAA 75 76 
•- 	41 	,l'Ill  	94:255"t2195262 	 ' 	' GCCAC TCCGGCCAGCGGCGCCGCCCGCTTCGATGCGAACGTGCG 

.,,,..-. 	
,,, 

7.; 

:•,,,.: ''' 	
...„ 
	...i 

 	_.93589i92757_.ii,,. 
'4 
	4; 	 

GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTTAGCTCCCGCCTAGCCCC 
GGACGC 

77 . 
GCCCACCTGGGCGGCTCCTCCCTCGATGCGAACGTGCG 

.78 

"" 	.... 	.. 
c 	,,  

	

, 	 •' ‘,,,;, ' ...... 	-,:,i,kiii• ''' 	•:.!gi";••.,,  

	

-. 	' 	1549.9z7.57, 	--:,;i ' , '''' 
;:i ''''' .7' 	' ii 	'''''' 

::::! ''' '' 	" '''' ' 
GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTTGGCCGAGGCCGCCTTC 
GCCGC 

79 
GCGCGTTCCCGGGGCCCCGCCTCGATGCGAACGTGCG 

80 

, 	..,. 	. ''' . ' ,,,.„ 	' ,: ' ,.„,, '' 	..... 	, GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTTCTGACGCCCCAGCCAGA 81 . 82 
..,,,,...0i• 	4, ;11.20856622420/3S764 4 	.;. GACCGC GCCCGGTCAGGGAGCAGGGTCCATCGATGCGAACGTGCG 

!:! ' ;,i!': '' ''''''••• .. 	,.  . 	i::4T,  ' ' 	:j 	' i:i:: Z.,',  - GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTTGCACACCGGCGTGCGC 83 84 	1  
E 	ihr19 '''''' ',. 	02498259026094: - -GCMCC AGTGCGCCGTCTGCGCCAAGCGCTTCACTCGATGCGAACGTGCG '  

; ''''''''''''''''' .;•,'' ' ;' ' 	':ii; ''''''''''''''''''''' .. ' ''' '' 	: ' 	,•, 	 GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTTCGCGCGCTCGGGCCGG .85 86 I I 
-.--?:cbil.ir;• 	-,, 39024982,59026044 I:.! TGAGTG CGCATGTGCACGTTGAGCGAGCTCTTTCGATGCGAACGTGCG 	• !I 

•:: 	'' '' '' 	

7  t i  

 ' 	•,...-...,:;:,.  

- 	i465i6;64ii45. :!;;;:.  

 ... 

.:::.;,.i;* ....... 
GCATGGCTGCTGAGATCGTFCCACACATAGAGTTCTTTGACCCGACGGCCAGG 
CGGTGGC 

87 
GCAGGGGCCAGATAAGGCTCTTCCGGCTCGATGCGAACGTGCG 

88 il 

'' 	'' ' ''•  	. 	' ' '''• ' .::: 	:.:;-,:IiN,.,;,.. i.„ 	.!:: 	7 GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTTGACGGCAGCGGGCTCC 89 90 ' r i 

l'"'" ' ;:, 	'i'" ,,,. 466i461644660§4 - 	 TTCCCGC 	•  GCCCCAGGTCATGTGCAGCCCCTGTCGATGCGAACGTGCG I t 

!• •1: 	,, .. R̂  ' 	is,,  •," ' " ' 	•s!"-;* 	"'''• ''' 	,.,., GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTTAGCGGAACCCCGCCCCG 91 . 92 
' ' 'T.:Clii.l. . 	, 	 615.557.61669.6 GCCAGC GCGGAGTAGGGAGGAGTGGAGGGCGTCGATGCGAACGTGCG . 

_:."•iii:..,:; 	 GCATGGCTGCTGAGATCG•17CCACACATAGAGTTCTICGCCTGCCCCTCGCCAG 93 -  94 
''., 	1 	 ''' 	38260.4708i650 :I. 	' ' : ' CGCG CAGATCGCCAGTCCCTCAGTTTGCCCGGCTCGATGCGAACGTGCG 

•,:"1!t'H,Ii::';!" ,....:::::: 	' ' ' ' 	,:rc;, ..'j! GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTTCCTCGTCCCCCACTGTG 95 	- 96 
:,:thi.3r, '...-1i672iiii.4i6730Dii  	'..     GCCGCG CCAGCTCCATCCCGGGCCAGCCGCGTCGATGCGAACGTGCG 

''' 	'..".N. 	''''' ' ... 	, 	.:E.; ' , ''' ''' "!:-',7: 	.;:ji:.:i'14,'1'.' ;:,,,z-i.5.i.:,.,-,,i,•::1,i,:;?.:i...,i•:: •:'" '' , -GCATGGCTGCTGAGATCGTTCCACACATAGAGTICTIAGCCCCACGCGGCGCA 97 . 98 	- 
7:;-efirilT -0681.40.608.0...t:C;• ::ii ''' ' AGAACC 	- 	• CCGGGCGCTGAGCTCCGGGTCGATGCGAACGTGCG 

GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTTACGCCGGGCGCGCGAA .99 100 
' ' J,E,, 	r1 	:;.: .::: _68572564-68573664 CTACACT • TCCCAGAGGCCCGCGCGCGCAGGTCGATGCGAACGTGCG . 

'""'•'''''' '----"A;; 	''' 	''' :'•:"":'' '''''''''''''''''' ''' 	 GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTTGACACACACGCTCGCGC 101 102 
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[0052] 	Accordingly, also provided is an isolated biomarker/biomarker region comprising a 

DNA region of the human genome selected from a DNA region listed in any one of tables 3 

to 6 (groups 3, 4, 1' and 2'). In one example, the isolated biomarker/biomarker region 

5 consists of the DNA region of the human genome selected from a DNA region listed in any 

one of tables 3 to 6 (groups 3, 4, 1' and 2'). Advantageously, unlike biomarker/biomarker 

regions known in the art, which are typically obtained from comparison data of DNA 

obtained from trisomy 21 and normal placenta, the biomarker/biomarker regions of the 

present disclosure may be used for DNA obtained from bodily fluids. 

10 [0053] 	The term "isolated" as used herein with respect to biomarker/biomarker regions 

relates to nucleic acids, such as DNA or RNA. In particular, the term "isolated" refers to 

molecules separated from other DNAs or RNAs, respectively that are present in the natural 

source of the macromolecule as well as polypeptides. The term "isolated" is meant to include 

nucleic acid fragments which are not naturally' occurring as fragments and would not be 

15 found in the natural state. For example, the term "isolated" means separated from 

constituents, cellular and otherwise, in which the cell, tissue, polynucleotide, peptide, 

polypeptide, protein, antibody or fragment(s) thereof, which are normally associated in 

nature. An isolated polynucleotide is separated from the 3' and 5' contiguous nucleotides with 

which it is normally associated in its native or natural environment, e.g., on the chromosome. 

20 [0054] 	As used herein, the term "biomarker" or "biomarker region" refer to molecular 

indicators of a specific biological property, a biochemical feature or facet that can be used to 

determine the presence or absence and/or severity of a particular disease or condition. As 

used herein, the term "biomarker" or "biomarker regions" refers to polynucleotide or DNA 

region whose presence may be associated to a disease or condition. The biomarkers may be 

25 differentially present (i.e. partially, complete and/or otherwise present) in a foetus with the 

disease or condition, the presence of one or more of which can be used to distinguish foetus 

with an increased risk of the disease or condition and foetus that do not have an increased risk 

of the disease or condition. 

[0055] 	The inventors of the present disclosure found that the biomarker/biomarker region 

30 as provided in the present disclosure is identified to be related to Down syndrome or trisomy 

21. Thus, in another aspect, there is provided an isolated biomarker/biomarker region for 

detecting trisomy 21 	or partial trisomy 21. The isolated biomarker/biomarker region 
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comprising a DNA region of the human genome selected from a DNA region listed in any 

one of tables 3 to 6 (groups 3, 4, 1' and 2'). In one example, the isolated biomarker/biomarker 

region consists of the DNA region of the human genome selected from a DNA region listed in 

any one of tables 3 to 6 (groups 3, 4, 1' and 2'). 

5 [0056] 	The term "partial" as used herein refers to partial triplication of chromOsome 21. 

That is, the extra copy of chromosome 21 is not complete, incomplete or existing only in part. 

[0057] 	One way of determining whether the isolated biomarker/biomarker region is 

related to a disease or condition present in the foetus is by observing the presence of 

abnormalities or differences as compared to a control sample. For example, the isolated 

10 biomarker/biomarker region may( have increased or decreased DNA-methylation or DNA 

mutations such as deletion, frame-shift, insertion, missense, nonsense, point, silent, splice site 

or translocation. 

[0058] 	Thus, in one example, the level of DNA-methylation of any one of the 

biomarker/biomarker regions in a diseased sample is different from the level of DNA- 

15 

20 

methylation in the same biomarker/biomarker region of a non-diseased control DNA. The 

level of DNA-methylation differences may be observed in any one, two, three, four, five, six, 

seven, eight, nine, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 

70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 

170, 175, 180, 185, 190, 195, 200, 205, 210, 215, 220, 225, 230, 235, 240, 245, 250, 255, 

260, 265, 270, 275, 280, 285, 290, 295, 300, 305, 310, 315, 320, 325, 330, 335, 340, 345, 

350, 355, 360, 365, 370, 375, 380, 385, 390, 395 or all of the biomarker/biomarker regions of 

a non-diseased control DNA. 

[0059] 	The "non-diseased control DNA'-' or "negative control" refers to DNA or sample 

from an individual or a group of individual who do not have the condition or disease and/or 

25 who are not carrying a diseased foetus or a foetus with a condition. For example, the "non-

diseased control DNA" may include DNA or sample obtained from an individual or group of 

individual who do not have trisomy 21 or not carrying trisomy 21- or Down syndrome-foetus. 

[0060] 	As used herein, the term "different" refers to not the same as the level of DNA-

methylation as observed in a non-diseased control DNA. For example, the level of DNA- 

30 methylation isolated biomarker/biomarker region may be less or more than a non-diseased 

control DNA. 
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[0061] 	In one example, the isolated biomarker/biomarker region referred to in Table 5 

(group 1') or 6 (group 2') may be methylated at a level less than about 10% in maternal 

DNA. Thus, the isolated biomarker/biomarker region referred to in Table 5 (group 1') or 6 

(group 2') may be methylated at a level less than about 9%, less than about 8%, less than 

5 about 7%, less than about 6%, less than about 5%, less than about 4%, less than about 3%, 

less than about 2% or less than about 1% in maternal DNA. That is, the isolated 

biomarker/biomarker region of a diseased or individual with the condition may be methylated 

at a level of less than about 10% of the DNA-methylation observed in maternal DNA. 

[0062] 	In another example, the isolated biomarker/biomarker region referred to in Table 3 

10 (group 3) or 4 (group 4) may be methylated at a level more than about 90% in maternal DNA. 

Thus, the isolated biomarker/biomarker region referred to in Table 3 (group 3) or 4 (group 4) 

is methylated at a level more than about 91%, more than about 92%, more than about 93%, 

more than about 94%, more than about 95%, more than about 96%, more than about 97%, 

more than about 98%, more than about 99% or about 100% in maternal DNA. That is, the 

15 isolated biomarker/biomarker region of a diseased or individual with the condition may be 

methylated at a level of more than about 90% of the DNA-methylation observed in maternal 

DNA. 

[0063] 	In one example, the level of the DNA-methylation of the biomarker referred to in 

Tables 5 (group 1') or 4 (group 4) in a diseased sample may be higher than the level of DNA- 

20 methylation in the same region of a non-diseased control DNA. As used herein, the term 

"higher" refers to the level of the DNA-methylation to be at least about 10%, at least about 

11%, at least about 12%, at least about 13%, at least about 14%, at least about 15%, at least 

about 16%, at least about 17%, at least about 18%, at least about 19%, at least about 20%, 	at 

least about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 

25 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least 

about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at 

least about 95% or at least about 100% higher than the level of DNA-methylation in the same 

region of a non-diseased control DNA. 

[0064] 	On the other hand, the level of DNA-methylation of the biomarker referred to in 

30 Tables 6 (group 2') or 3 (group 3) in a diseased sample may be lower than the level of DNA-

methylation in the same region of a non-diseased control DNA. The term "lower" refers to 

the level of the DNA-methylation to be at least about 1%, at least about 5%, at least about 
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10%, at least about 11%, at least about 12%, at least about 13%, at least about 14%, at least 

about 15%, at least about 16%, at least about 17%, at least about 18%, at least about 19%, at 

least about 20%, at least about 25%, at least about 30%, at least about 35%, at least about 

40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at least 

5 about 65%, at least about 70%, at least about 75%, at least about 80%, at least aboUt 85%, at 

least about 90%, at least about 95% or at least about 100% lower than the level of DNA-

methylation in the same region of a non-diseased control DNA. 

[0065] 	The present disclosure also provides for an isolated biomarker/biomarker region 

comprising a DNA region of the human genome selected from a DNA region listed in any 

10 one of tables 1 to 4 and 7 to 8 (groups 1 to 4 and Mix10 Group 1 and Mix10 Group 2 

respectively). In one example, the isolated biomarker/biomarker region consists of the DNA 

region of the human genome selected from the DNA region listed in any one of tables 1 to 4 

and 7 to 8 (groups 1 to 4 and Mix10 Group 1 and Mix10 Group 2 respectively). The isolated 

biomarker/biomarker region may be selected from any two, three, four, five or all of tables 1 

15 to 4 and 7 to 8 (groups 1 to 4 and Mix10 Group 1 and Mixl 0 Group 2 respectively). 

[0066] 	The level of DNA-methylation of any one of the biomarker/biomarker regions of 

tables 1 to 4 and 7 to 8 (groups 1 to 4 and Mix10 Group 1 and Mix10 Group 2 respectively) 

in a diseased sample may be different from the level of DNA-methylation in the same 

biomarker/biomarker region of a non-diseased control DNA. 

20 

25 

[0067] 	In one example, the isolated biomarker/biomarker region referred to in Tables 1 to 

2 and 7 to 8 (Group 1, Group 2, Mix 10 Group 1 and Mix 10 Group 2 respectively) may be 

methylated 	at a level 	less than about 	10% 	in maternal 	DNA. 	Thus, 	the isolated 

biomarker/biomarker region referred to in Tables 1 to 2 and 7 to 8 (Group 1, Group 2, Mix 10 

Group 1 and Mix 10 Group 2 respectively) may be methylated at a level less than about 9%, 

less than about 8%, less than about 7%, less than about 6%, less than about 5%, less than 

about 4%, less than about 3%, less than about 2% or less than about 1% in maternal DNA. 

That is, the isolated biomarker/biomarker region of a diseased or individual with the 

condition may be methylated at a level of less than about 10% of the DNA-methylation 

observed in maternal DNA. 

30 [0068] 	In another example, the isolated biomarker/biomarker region referred to in Table 3 

(group 3) or 4 (group 4) may be methylated at a level more than about 90% in maternal DNA. 

Thus, the isolated biomarker/biomarker region referred to in Table 3 (group 3) or 4 (group 4) 
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is methylated at a level more than about 91%, more than about 92%, more than about 93%, 

more than about 94%, more than about 95%, more than about 96%, more than about 97%, 

more than about 98%, more than about 99% or about 100% in maternal DNA. That is, the 

isolated biomarker/biomarker region of a diseased or individual with the condition may be 

5 methylated at a level of more than about 90% of the DNA-methylation observed in maternal 

DNA. 

[0069] 	In one example, the level of the DNA-methylation of the biomarker referred to in 

Table 1 (group 1) or Table 4 (group 4) or Table 7 (Mix10 Group 1) in a diseased sample may 

be higher than the level of DNA-methylation in the same region of a non-diseased control 

10 DNA. As used herein, the term "higher" refers to the level of the DNA-methylation to be at 

least about 10%, at least about 11%, at least about 12%, at least about 13%, at least about 

14%, at least about 15%, at least about 16%, at least about 17%, at least about 18%, at least 

about 19%, at least about 20%, at least about 25%, at least about 30%, at least about 35%, at 

least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 

15 60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least 

about 85%, at least about 90%, at least about 95% or at least about 100% higher than the 

level of DNA-methylation in the same region of a non-diseased control DNA. 

[0070] 	On the other hand, the level of DNA-methylation of the biomarker referred to in 

Table 2 (group 2) or Table 3 (group 3) or Table 8 (Mix 10 Group 2) in a diseased sample may 

20 be lower than the level of DNA-methylation in the same region of a non-diseased control 

DNA. The term "lower" refers to the level of the DNA-methylation to be at least about 1%, at 

least about 5%, at least about 10%, at least about 11%, at least about 12%, at least about 13%, 

at least about 14%, at least about 15%, at least about 16%, at least about 17%, at least about 

18%, at least about 19%, or at least about 20%, at least about 25%, at least about 30%, at 

25 least about 35% of at least about 40%, at least about 45%, at least about 50%, at least about 

55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least 

about 80%, at least about 85%, at least about 90%, at least about 95% or at least about 100% 

lower than the level of DNA-methylation in the same region of a non-diseased control DNA. 

[0071] 	As the isolated biomarker/biomarker region as described herein are related to a 

30 specific disease or condition, it was found that they may be used in the screening of a specific 

disease or condition in a foetus. Thus, in yet another aspect of the present disclosure there is 

provided a method determining the likelihood of a foetus to suffer from a specific disease. 
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The method comprising the steps of: a) providing an isolated total DNA sample from a 

pregnant woman, comprising foetal DNA and maternal DNA. Further comprising the steps 

of: b) removing maternal DNA background; c) measuring a signal indicative for the level of 

foetal DNA based on one or more biomarkers/biomarker regions, where in the case where the 

5 maternal DNA background had a level of methylation below 10%, the signal is the level of 

methylated foetal DNA and in the case where the maternal DNA background had a level of 

methylation above 90%, the signal is the level of unmethylated foetal DNA; d) determining a 

ratio of signals obtained under step c) by dividing the signals of one or more of Group 1 

and/or Group 3 biomarkers/biomarker regions over the signals of one or more of Group 2 

10 and/or Group 4 biomarkers/biomarker regions, wherein a ratio higher than the ratio 

determined in control foetal DNA obtained from a non-diseased foetus indicates that the 

foetus is likely to suffer from the specific disease. 

[0072] 	In one example, each of the groups is characterized by: 

[0073] 	Group 1: maternal DNA background has a level of methylation below 10% and the 

15 signal of the biomarker/biomarker region is higher in foetal DNA obtained from a foetus 

suffering from the specific disease compared to the same biomarker/biomarker region in 

control foetal DNA obtained from a foetus not suffering from the disease. 

[0074] 	Group 2: maternal DNA background has a level of methylation below 10% and the 

signal of the biomarker/biomarker region is lower in foetal DNA obtained from a foetus 

20 suffering from the specific disease compared to the same biomarker/biomarker region in 

control foetal DNA obtained from a foetus not suffering from the disease. 

[0075] 	Group 3: maternal DNA background has a level of methylation above 90% and the 

signal of the biomarker/biomarker region is higher in foetal DNA obtained from a foetus 

suffering from the specific disease compared to the same biomarker/biomarker region in 

25 control foetal DNA obtained from a foetus not suffering from the disease. 

[0076] 	Group 4: maternal DNA background has a level of methylation above 90% and the 

signal of the biomarker/biomarker region is lower in foetal DNA obtained from a foetus 

suffering from the specific disease compared to the same biomarker/biomarker region in 

control foetal DNA obtained from a foetus not suffering from the disease. 

30 [0077] 	Specific diseases that may be screened using the method as described herein 

include Trisonay 18, 13, X and Y and other diseases associated with placenta such as preterm 

labour, pre-eclampsia and/or eclampsia, intrauterine growth restriction (IUGR), congenital 
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heart diseases. It would be appreciated by the person skilled in the art that for each of these 

specific diseases, the biomarker/biomarker regions would be those known to be related to the 

individual specific disease. 

[0078] 	In particular, the present disclosure found a method of screening for Down 

5 syndrome. Thus, in yet another aspect there is provided a method of deterniining the 

likelihood of a foetus to suffer from trisomy 21 or partial trisomy 21. The method comprising 

the steps of: a) providing an isolated total DNA sample from a pregnant woman, comprising 

foetal DNA and maternal DNA; b) removing maternal DNA background; c) measuring a 

signal indicative for the level of foetal DNA based on one or more biomarkers/biomarker 

10 regions listed in any one of Tables 1 to 8, where in the case where the maternal DNA 

background had a level of methylation below 10%, the signal is the level of methylated foetal 

DNA and in the case where the maternal DNA background had a level of methylation above 

90%, the signal is the level of unmethylated foetal DNA; d) determining a ratio of signals 

obtained under step c) by dividing the signals of one or more of Group 1 and/or Group 3 

15 biomarkers/biomarker regions over the signals of one or more of Group 2 and/or Group 4 

biomarkers/biomarker regions, wherein a ratio higher than the ratio determined in control 

foetal DNA obtained from a non-diseased foetus indicates that the foetus is likely to suffer 

from trisomy 21 or partial trisomy 21. 

[0079] 	In one example, each of the groups is characterized by: 

20 [0080] 	Group 1: biomarker/biomarker region listed in Table 1 (Group 1), Table 5 (Group 

1'), or Table 7 (Mix10 Group 1). 

[0081] 	Group 2: biomarker/biomarker region listed in Table 2 (Group 2) or Table 6 (Group 

2'), or Table 8 (Mix10 Group 2). 

[0082] 	Group 3: biomarker/biomarker region listed in Table 3 (Group 3). 

25 [0083] 	Group 4f biomarker/biomarker region listed in Table 4 (Group 4). 

[0084] 	One example of the method of determining the likelihood of a foetus to suffer from 

a specific disease such as Down syndrome is illustrated in Figure 1. The method may 

comprise the steps as described herein. In brief, total genomic DNA obtained from a sample, 

which may comprise both maternal and foetal DNA, may be processed to remove maternal 

30 DNA. The removal of maternal DNA, which may be performed by restriction enzyme 

digestion based on the methylation status of the maternal DNA, ensure only foetal-specific 

DNA is analysed in the method as described herein. Once foetal-specific DNA is substantially 
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free of maternal DNA, at least one of the specific region (such as the biomarker/biomarker 

region as disclosed herein) of the foetal-specific DNA may then be analysed for its signal by 

using methods known in the art, such as by using detectable label or quantitatively using 

quantitative polymerase chain reaction (qPCR). When qPCR is used, probes required may 

5 include, but are not limited to probes to specific region of a particular group (e.g. region for 

Group 1, Group 2, Group 3 or Group 4 as described herein), a first universal probe for 

detection of foetal-specific DNA region and a second universal probe for detection of foetal-

specific DNA region. To facilitate with the analysis of foetal-specific DNA after the isolation 

from maternal DNA, the enzyme digested DNA may be treated with an enzyme that can 

10 catalyses the removal of nucleotides from single-stranded DNA in 3' to 5' direction and/or to 

facilitate the removal of the 3' overhang of the enzyme digested DNA, for example 

Exonuclease I. The method may also further comprise steps required prior to qPCR, such as 

target-specific probe hybridization, ligation and beads purification. The ratio of signals 

obtained from two or more different groups may be calculated and if the ratio is high, the 

15 foetus is considered to have trisomy 21. If the ratio is low, the foetus is considered to not have 

trisomy 21 (i.e. normal). 

[0085] 	In the present disclosure, the isolated total DNA may be obtained from biological 

sample such as, but not limited to biological fluid, cell or tissue sample obtained from an 

individual suspected of having the disease or condition or the pregnant woman, which can be 

20 assayed for biomarkers. For example, the isolated total DNA from step a) in the methods as 

described herein may be obtained from bodily fluid, tissue sample obtained from the pregnant 

woman and the like. The "bodily fluid" as used herein refers to any biological fluid, which 

can comprise cells or be substantially cell free, which can be assayed for biomarkers, 

including, but is not limited to whole blood, tears, sweat, vaginal secretion, saliva, urine and 

25 amniotic fluid. As used herein, whole blood may include, but is not limited to blood cells, 

plasma and serum. That is, the total DNA as used in the methods of the present disclosure 

may be obtained from plasma or serum, or the like. 

[0086] 	In another example, the isolated total DNA may be obtained from tissue sample 

obtained from the pregnant woman. In which case, the tissues may include, but are not 

30 limited to placental tissue and amniotic sac tissue. 

[0087] 	As used herein, when the biological sample is obtained from a pregnant individual, 

the sample may be obtained in the first, second or third trimester of pregnancy. The term 
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"first trimester" as used herein refers to the period of time within the first third of a pregnant 

individual's gestation. For example, the "first trimester" can be the period of time within the 

first three months, the first 12 weeks or about the first 90 days of gestation, for example 

human gestation. The term "second trimester" as used herein refers to the period of time 

5 within the second third of a pregnant individual's gestation. For example, the "second 

trimester" comprises the period of time within the fourth through sixth months, 13th through 

27th weeks, or about days 91 to 180 of gestation, for example human gestation. The term 

"third trimester" as used herein refers to the period of time within the third or last third of a 

pregnant individual's gestation. For example, the "third trimester" comprises the period of 

10 time within the seventh months through ninth months, 28th  weeks through 41st  weeks, or 

about days 181 to 270 of gestation, for example human gestation. Accordingly, as used in the 

methods as disclosed herein, the maternal DNA may include, but is not limited to maternal 

DNA obtained from tissue or cell samples and maternal peripheral blood DNA. 

[0088] 	To ensure accurate execution of the method of the present disclosure, it is 

15 important to remove the maternal DNA from the isolated total DNA. As used herein, the 

phrase "removing maternal DNA background" refers to partial or full removal of DNA that is 

not from the foetus or individual suspected to have the condition or disease. The removal of 

maternal DNA background may lead to substantially no maternal DNA present. As mentioned 

above, the inventors of the present disclosure discovers that the level of DNA-methylation on 

20 the DNA of a foetus and the maternal DNA may be different at different sites. Thus, when the 

maternal DNA background has a level of methylation below 10%, 9%, 8%, 7%, 6%, 5%, 4%,  

3%, 2% or 1%, the signal as measured in the methods of the present disclosure may be the 

level of methylated foetal DNA. On the other hand, if the maternal DNA background has a 

level of methylation above 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%, the 

25 signal as measured-in the methods of the present disclosure may be the level of unmethylated 

foetal DNA. 

[0089] 	The difference in DNA-methylation level in maternal DNA and foetal DNA may 

be utilised in the step of removing maternal DNA background of the method of the present 

disclosure. For example, the step of removing maternal DNA background may be performed 

30 by treating the total isolated DNA with a reagent that differentially modifies methylated or 

non-methylated DNA, such as by treating total isolated DNA with an antibody or a protein 

that can specifically binds to methylated cytosine. For example, the reagents may include, but 
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5 

are not limited to sodium bisulfite, one or more enzymes that only cleave methylated DNA, 

such as methylation dependent enzyme and one or more enzymes that only cleave non-

methylated DNA, such as methylation sensitive enzyme. The enzymes may include, but are 

not limited to MspJI, LpnPI, FspEI, DpnI, DpnII, McrBC, MspI, HapII, AatII, AciI, AclI, 

AfeI, AgeI, AscI, AscI, AsiSI, AvaI, BceAI, BmgBI, BsaAI, BsaHI, BsiEI, BsiWI, BsmBI, 

BspDI, BsrFI, BssHII, BstBI, BstUI, Clal, EagI, FauI, FseI, Fspl, HaeII, HgaI, HhaI, HinPlI, 

HpaII, Hpy99I, HpyCH4IV, KsaI, MluI, NaeI, Nad, NgoMIV, NotI, NruI, Nt.BsmAI, 

NtCviPII, PaeR7I, Pm1I, PvuI, RsrII, SacII, Sall, SfoI, SgrAI, Smal, TspMI, ZraI and the like. 

[0090] 	As known in the art, prior to measuring the signal indicative for the level of foetal 

10 DNA based on one or more biomarkers/biomarker regions, the total DNA may be treated with 

an enzyme which catalyses the removal of nucleotides from single-stranded DNA in the 3' to 

5'direction, for example enzymes such as, but are not limited to exonucleases such as 

Exonuclease I. This step ensures the removal of the 3' overhang of a digested DNA. 	For 

avoidance of doubt, the 3' end of a single strand DNA refers to the terminating or tail end of 

15 DNA strand which is characterised by the hydroxyl group of the: third carbon in the sugar-

ring; the 5' end of a single-strand DNA refers to the end of the DNA that has the fifth carbon 

in the sugar-ring of the deoxyribose or ribose at its terminus. 

20 

[0091] 	To facilitate the detection of biomarker/biomarker regions, the method of the 

present disclosure may require the addition of one or more probe sets. Thus, in one example, 

the total DNA of the method of the present disclosure may be incubated with one or more 

probe sets. In one example, the total DNA may be incubated with one or two or three or four 

or five or six or seven or eight or nine or ten or 50 or 100 or 200 or 300 or 400 or 500 or 600 

or 700 or 800 or 900 or 1000 or 2000 or in order of thousands or more probe sets. 

[0092] 	The first probe may include, but is not limited to a sequence for binding a forward 

25 

30 

primer, a sequence-  for binding a third probe and a sequence for binding to the one or more 

biomarker/biomarker regions. The first probe, which binds to a third probe may include, but 

is not limited to TaqMane probe or the like. The sequences of the first probe in a probe set 

may be selected from any one of the probe sets listed in Tables 7 or 8. That is, the first probe 

in a probe set may be include any one, two, three, four, five, six, seven, eight, nine, 10, 11, 

12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34 or all of 

the probes listed in Table 7 and/or may include one, two, three, four, five, six, seven, eight, 
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nine, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or all of the probes listed in 

Table 8. 

[0093] 	The second probe may include, but is not limited to a sequence for binding a 

reverse primer and sequence for binding to one or more biomarker/biomarker regions. The 

5 second probe may be phosphorylated at the 5' end. The second probe may include further 

modification, 	which 	allows the probe to be 	isolated by affinity purification. 	Such 

modification may include, but not limited to a 3' Biotin-TEG modification, which allows the 

probe to be isolated by bead purification. The sequences of the second probe in a probe set 

may be selected from any one of the probe sets listed in Tables 7 or 8. That is, the second 

10 probe in a probe set may be include any one, two, three, four, five, six, seven, eight, nine, 10, 

11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34 or 

all of the probes listed in Table 7 and/or may include one, two, three, four, five, six, seven, 

eight, nine, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or all of the probes 

listed in Table 8. 

15 [0094] 	In view of the above, the sequences of the first probe and second probe in each 

probe set may be selected from any one of the probe sets listed in Tables 7 and/or 8. When 

one probe is selected from the probe sets listed in Tables 7 and/or 8, the first probe and 

second probe from each probe set may be ligated together. That is, the two probes from each 

probe set may be ligated together. If two or more probes are ligated together, any excess 

20 probes which have not been ligated may be removed. Thus, the method of the present 

disclosure further comprises the step of removing the excess probes which have not been 

ligated together. The step of removing the excess probes may be performed using bead 

purification, such as but is not limited to streptavidin beads. 

[0095] 	The third probe may include binding sequences that is different for each of 

25 biomarker/biomarker region groups 1 to 4. That is, the binding sequence for third probe for 

the Group 1 biomarker/biomarker region may comprise or consists of the sequence 5'- 

CCACAGTATGAATCTCT-3' (SEQ ID NO: 123). For Group 2 biomarker/biomarker region, 

the binding sequence for third probe may comprise or consists of the sequence 5'- 

CCACACATAGAGTTCTT-3' (SEQ ID NO: 124). In one example, the third probe may 

30 comprise or consists of the sequence 5'-FAM-CCACAGTATGAATCTCT-MGB-3' (SEQ ID 

NO: 125), which is suitable for Mix10 Group 1. In another example, the third probe may 
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comprise or consists of the sequence 5'-VIC-CCACACATAGAGTTCTT-MGB-3' (SEQ ID 

NO: 126), which is suitable for Mix 10 Group 2. 

[0096] 	In any of the methods of the present disclosure, the signal indicative of the level of 

foetal DNA may be measured using a detectable label, such as a fluorophore, radioactive 

5 moiety, enzyme, biotin/avidin label, chromophore, chemiluminescent label, or the like. Thus, 

in one example, the signal which is indicative of the level of foetal DNA in step (c) of the 

methods as described herein may be a fluorescent signal. Different fluorescent signals may be 

provided and measured for each of biomarker/biomarker region groups 1 to 4. When 

fluorescent signals are used to detect the level of foetal DNA, the signal would originate from 

10 one or more probes having fluorophores thereon. 

[0097] 	In an alternative example, the signal indicative of the level of foetal DNA may be 

measured quantitatively. For example, the signal which is indicative of the level of foetal 

DNA in step (c) of the methods as described herein may be measured by quantitative 

polymerase chain reaction. 

15 [0098] 	To facilitate detection, probes of the present disclosure may further comprise 

forward primer and reverse primers. In one example, the forward primer may comprise or 

consists of the sequence 5'-GCATGGCTGCTGAGATCGT-3'(SEQ ID NO: 127). The reverse 

primer may comprise or consists of the sequence 5'-CGCACGTTCGCATCGA-3'(SEQ ID 

NO: 128). 

20 [0099] 	In one example, the probe set may comprise 5'-FAM-CGGCTGCCACCCG-MGB- 

3'(SEQ 	ID 	NO: 	129), 	which 	is 	a 	specific 	probe 	suitable 	for 	Group 	1, 	5'-VIC- 

CGCGCCTTCCAGTG-MGB-3'(SEQ ID NO: 130), which is a specific probe suitable for 

Group 2, 5'-ACCCCACAGCGGAGCTC-3'(SEQ ID NO: 131), which is a forward primer 

suitable for Group 1 and 5'-AACACATGGTCACGCACACC-3'(SEQ ID NO: 132), which is 

25 a forward primer -suitable for Group 2, 5'-AGAAAAGGACCAGGGAAGGC-3'(SEQ ID 

NO: 133), which is a reverse primer suitable for group 1 and 5'-CGCTTGGCGCAGACG- 

3'(SEQ ID NO: 134), which is a reverse primer suitable for group 2. 

[00100] 	The present disclosure also contemplates a variety of kits for use in the disclosed 

methods. For example, there is provided a kit comprising primers for amplifying the one or 

30 more biomarkers/biomarker regions selected from any one of the DNA regions of the human 

genome listed in any one of tables 3 to 6 (groups 3, 4, 1" and 2'). The kit may further 
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comprise one or more reagents for measuring a signal indicative for the level of foetal DNA 

based on the one or more biomarkers/biomarker regions. 

[00101] 	In yet another example there is provided a kit comprising primers for amplifying 

the one or more biomarkers/biomarker regions selected from any one of the DNA regions of 

5 the human genome listed in any one of tables 1 to 4 (groups 1 to 4). The kit may further 

comprise one or more reagents for measuring a signal indicative for the level of foetal DNA 

based on the one or more biomarkers/biomarker regions. 

[00102] 	In yet another example there is provided a kit comprising primers for amplifying 

the one or more biomarkers/biomarker regions selected from any one of the DNA regions of 

10 the human genome listed in any one of tables 7 to 8 (MixlO Group 1 and Mix10 Group 2). 

The kit may further comprise one or more reagents for measuring a signal indicative for the 

level of foetal DNA based on the one or more biomarkers/biomarker regions. 

15 

[00103] 	The reagents that are suitable for measuring a signal may include reagents that may 

incorporate 	a detectable 	label, 	such 	as 	a 	fluorophore, 	radioactive moiety, 	enzyme, 

biotin/avidin label, chromophore, chemiluminescent label, or the like, or the kits may include 

reagents for labeling the nucleic acid primers, the nucleic acid probes or the nucleic acid 

primers 	and 	nucleic 	acid 	probes 	for 	detecting 	the 	presence 	or 	absence 	of the 

biomarker/biomarker region as described herein. The primers and/or probes, calibrators 

and/or controls can be provided in separate containers or pre-dispensed into an appropriate 

20 assay format, for example, into microtiter plates. The kit may further comprises reagents 

including, but are not limited to reagents for isolating DNA from samples, reagents for 

differentially modifying methylated or non-methylated DNA, reagents for polymerase chain 

reaction and reagents for quantitative polymerase chain reaction. For example, the kits may 

include reagents used in the Experimental sections below, in particular Example 2 and 

25 Example 3. 

[00104] 	The kit may further comprise instructions that may be provided in paper form or in 

computer-readable form, such as a disc, CD, DVD or the like. The kits may optionally 

include quality control reagents, such as sensitivity panels, calibrators, and positive controls. 

[00105] 	The kits can optionally include other reagents required to conduct a diagnostic 

30 assay or facilitate quality control evaluations, such as buffers, salts, enzymes, enzyme co-

factors, substrates, detection reagents, and the like. Other components, such as buffers and 

solutions for the isolation and/or treatment of a test sample (e.g., pretreatment reagents), may 
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also be included in the kit. The kit may additionally include one or more other controls. One 

or more of the components of the kit may be lyophilized and the kit may further comprise 

reagents suitable for the reconstitution of the lyophilized components. 

[00106] 	The various components of the kit optionally are provided in suitable containers. 

5 As indicated above, one or more of the containers may be a microtiter plate. The kit further 

can include containers for holding or storing a sample (e.g., a container or cartridge for a 

blood or urine sample). Where appropriate, the kit may also optionally contain reaction 

vessels, mixing vessels and other components that facilitate the preparation of reagents or the 

test sample. The kit may also include one or more instruments for assisting with obtaining a 

10 test sample, such as a syringe, pipette, forceps, measured spoon, or the like. 

[00107] 	As used herein, the term "about", in the context of level of DNA-methylation, 

typically means +/- 5% of the stated value, more typically +/- 4% of the stated value, more 

typically +/- 3% of the stated value, more typically, +/- 2% of the stated value, even more 

typically +1- 1% of the stated value, and even more typically +/- 0.5% of the stated value. 

15 [00108] 	As used herein, the term "one or more" refers to one, two, there, four, five, six, 

seven, eight, nine, ten or more possible probes or any other feature that is recited as "one or 

more". 

[00109] 	The invention illustratively described herein may suitably be practiced in the 

absence of any element or elements, limitation or limitations, not specifically disclosed 

20 herein. Thus, for example, the terms "comprising", "including", "containing", etc. shall be 

read expansively and without limitation. Additionally, the terms and expressions employed 

herein have been used as terms of description and not of limitation, and there is no intention 

in the use of such terms and expressions of excluding any equivalents of the features shown 

and described or portions thereof, but it is recognized that various modifications are possible 

25 within the scope of the invention claimed. Thus, it should be understood that although the 

present invention has been specifically disclosed by preferred embodiments and optional 

features, modification and variation of the inventions embodied therein herein disclosed may 

be resorted to by those skilled in the art, and that such modifications and variations are 

considered to be within the scope of this invention. 

30 [00110] 	The invention has been described broadly and generically herein. Each of the 

narrower species and sub-generic groupings falling within the generic disclosure also form 

part of the invention. This includes the generic description of the invention with a proviso or 
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negative limitation removing any subject matter from the genus, regardless of whether or not 

the excised material is specifically recited herein. 

5 

EXPERIMENTAL SECTION 

Materials and Methods 

[00111] 	Clinical samples: Women with euploidy and Down syndrome (DS) (also known as 

10 Trisomy 21, or T21) pregnancies, who attended KK Women's and Children's Hospital, 

Singapore, were recruited. Informed consent was obtained under the ethics approval from the 

SingHealth CRIB Committee. 

[00112] 	Ten mL of peripheral blood from each subject was collected into EDTA tubes. The 

blood samples were centrifuged at 1,790g for 10 min at 4 °C. After removing the supernatant 

15 plasma, the blood cells were transferred to a new microcentrifuge tube and centrifuged at 

2,300g for 5 min at room temperature to remove the residual plasma. The blood cells 

containing bully coat were then collected and stored at -80 °C. DNA was extracted from 200 

µI., of blood cells from pregnancies using QIAamp DNA Blood Mini Kit (QIAGEN GmbH, 

Germany), according to manufacturer's instructions. DNA samples eluted with 50 tiL of 

20 DNase and RNase-free water (Sigma) were stored at -80 °C. 

[00113] 	Chorionic villus samples from subjects carrying a normal or DS foetus at the first 

or second trimesters of pregnancy were collected by chorionic villus sampling (CVS). 

Placenta villi samples (foetal side) from DS foetuses were collected from termination of 

pregnancy (TOP). All tissue samples were washed with diethylpyrocarbonate (Sigma- 

25 Aldrich, USA) treated water. Tissues were stored at -80 °C for DNA analysis. Genomic DNA 

extraction from tissues was performed with QIAamp DNA Mini Kit (QIAGEN GmbH, 

Germany), according to manufacturer's instructions. 

Example 1 - discovery of DNA methylation biomarkers 

30 [00114] 	The maternal plasma DNA from peripheral blood of a pregnant woman contains 

both maternal DNA (derived primarily from leukocytes) and foetal DNA (derived from 

placental cells). Foetal DNA constitutes about 10% of all cell-free DNA in maternal-plasma: 
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One can distinguish foetal and maternal DNA based on DNA methylation differences of 

specific genomic regions between foetal and maternal DNA. DNA methylation differences 

are also present between normal and disease fetuses in placenta DNA. In some genomic 

regions DNA methylation levels are higher in disease samples while in other regions DNA 

5 methylation levels are lower in disease samples compared with normal samples. 

[00115] 	Reduced representation bisulfite sequencing (RRBS) was used for quantifying 

genome-wide DNA methylation profiles in normal and Trisomy 21 placenta samples. Two 

restriction enzymes (Taqul and MspI, both from New England Biolabs) were used to digest 

the genomic DNA samples. DNA fragments were purified with the QlAquick PCR 

10 Purification Kit (QIAGEN GmbH), and were end-repaired, 3'-end-adenylated, and adapter-

ligated using ChIP-Seq Sample Preparation Kit (Illumina, USA). Illumina's RRBS for 

Methylation Analysis protocol was followed, except that 10 uL the methylation adapter 

oligonucleotides were used and the ligation was performed for 15 mM at 20 °C in the adapter-

ligation step. Two different sizes of fragments (150-197 bp and 207-230 bp) were selected by 

15 gel electrophoresis with a 3% agarose gel. The purified fragments were then bisulfite treated 

using the EZ DNA Methylation-Gold Kit (Zymo Research, USA). The converted DNA was 

amplified using HotStarTaq DNA Polymerase Kit (QIAGEN GmbH), with I x reaction buffer, 

1.5 mM of additional MgC12, 300 j.tM of dNTP mix, 500 nM each of PCR primer PE 1.0 and 

2.0, and 2.5 U of HotStarTaq DNA polymerase. The thermocycling condition was 15 mM at 

20 94 °C for heat activation, and 8-12 cycles of 20 sec at 94 °C, 30 sec at 65 °C and 30 sec at 72 

°C, followed by a 5 min final extension at 72 °C. The amplified fragments were purified by 

gel electrophoresis and further quantified by the Agilent 2100 Bioanalyzer (Agilent 

Technologies, USA). Each DNA library was analyzed by two lanes of paired-end sequencing 

(2 x 36 bp) read on an Illumina Genome Analyzer Hx. 

25 [00116] 	Sequencing data was analyzed. The human genome was converted into two 

reference genomes for sequencing alignment. The C2T converted reference genome was 

derived by converting all cytosines to thymines. The G2A converted reference genome was 

derived by converting all guanines to adenosines. After initial quality control based on their 

Phred scores (Ewing et al. Genome Res 1998; 8 (3): 186-94) and fragment ending with 

30 expected tri-nucleotides after enzymatic reaction, the sequencing reads were aligned to two 

reference genomes separately using Bowtie aligner (Langmead et al. Genome Biol 2009; 10 

(3): R25). The newly added cytosines in the "end-repair" step were excluded from 
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methylation analysis and CpGs overlapping with potential polymorphisms were also 

excluded. 	Methylation 	level 	of 	each 	CpG 	site 	was 	calculated 	as: 

Methylation level for a CpG = Count of Cytosine / (Count of Cytosine + Count of 

Thymine)*100%. 

5 

Example 2 — T21 foetus detection using methylation biomarkers 

[00117] 	Figure 1 shows a schematic describing the following steps. Step 1: Removal of 

umnethylated DNA for selected biomarkers by methylation-sensitive restriction enzymes. In 

the case of a foetal/maternal DNA mixture experiment, this step removed maternal DNA 

10 background since the biomarkers regions were mostly unmethylated. 25 ng of genomic DNA 

was subjected to methylation-sensitive restriction enzyme digestion in. a 15 tiL system, 

containing 1 x buffer 4, 1 x BSA, 9 units of BstUI, 10 units of HpaII and 10 units of HhaI 

(New England Biolabs, USA). Mock digestion without restriction enzymes was set up as 

control. The samples were incubated at 37 °C for 2 hr and then 60 °C for 2 hr. 

15 [00118] 	Step 2: Exonuclease I treatment was used to remove the 3' overhang for the 

digested DNA. 10 units of Exonuclease I (New England Biolabs, USA) was added to the 

enzyme digested sample, and incubated at 37 °C for 1 hr, followed by heat inactivation at 80 

°C for 20 min. 

[00119] 	Step 3: Denaturation of the genomic DNA and probe hybridization. A mixture of 

20 probe sets containing 1000 amole (atto mole) of each probe set was added to samples from 

Step 2. Each probe set contains 2 probes. The first probe contained three sequences: a 

sequence for the qPCR forward primer (in bold), a sequence for the TaqMan probe 

(underlined) 	(for 	Group 	1 	biomarkers: 	5'- 

GCATGGCTGCTGAGATCGTTCCACAGTATGAATCTCT-3'(SEQ ID NO: 127 and 

25 SEQ 	ID 	- NO: 	123); 	for 	Group 	2 	biomarkers: 	5' - 

GCATGGCTGCTGAGATCGTTCCACACATAGAGTTCTT-3'(SEQ ID NO: 127 and 

SEQ ID NO: 124)), and a biomarker-specific sequence. The second probe contained two 

sequences, a sequence for the qPCR reverse primer (5'-TCGATGCGAACGTGCG-3'(SEQ 

ID NO: 135)) and a biomarker-specific sequence. The second probe is phosphorylated at the 

30 5' end and with an optional 3' Biotin-TEG modification (Integrated DNA technologies, USA). 

The sample was then incubated at 95 °C for 10 min to denature the genomic DNA, followed 

by incubation at 60 °C for 16-18 hr for probe hybridization. 
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[00120] 	Step 4: Ligation of annealed probes. When the two probes from each probe set 

were hybridized to their target sequences, they were ligated in a 20 !IL system, containing 

18.5 mM Tris, 41.9 mM potassium acetate, 9.3 mM magnesium acetate, 10 mM DTT, 1 mM 

NAD; 0.02% Triton X-100, and 20 units of Taq DNA ligase (New England Biolabs, USA), at 

5 60 °C for 2 hr. 

[00121] 	Step 5: Beads purification to remove excess of probes. After ligation, the excess of 

probes were removed either by Agencourt AMPure XP beads (Beckman Coulter, USA) or by 

Dynabeads MyOne Streptavidin Cl 	beads 	(Life Technologies, USA), 	according to 

manufacturer's instructions. 

10 [00122] 	Step 6: Detection of methylated foetal DNA by quantitative real-time PCR (qPCR). 

Beads purified DNA from Step 5 was then subjected to qPCR to detect methylated foetal 

DNA. Each reaction contains 1 x TaqMan Universal PCR Master Mix (Life Technologies, 

USA), 300 nM each of forward primer (5'-GCATGGCTGCTGAGATCGT-3'; SEQ ID NO: 

127) and reverse primer (5'-CGCACGTTCGCATCGA-3'; SEQ ID NO: 128), 100 nM each 

15 of TaqMan probes (Group 1 biomarkers: 5'-FAM-CCACAGTATGAATCTCT-MGB-3'(SEQ 

ID NO: 125); Group 2 biomarkers: 5'-VIC.-CCACACATAGAGTTCTT-MGB-3' (SEQ ID 

NO: 126)) (Life Technologies, USA), and DNA from Step 5. The qPCR assays were 

performed in the ABI 7500 Real-Time PCR System (Life Technologies, USA). The thermo 

profile is 50 °C for 2 mM, and 95 °C heat activation for 10 mM, followed by 50 cycles of 95 

20 °C for 15 sec and 60 °C for 1 min. Result was analyzed by 7500 Software v2.0.1. 

Example 3 - T21 foetus detection using methylation biomarkers. 

[00123] 	Ten mL of peripheral blood from-each subject was collected into EDTA tubes. The 

blood samples were centrifuged at 1,790g for 10 mM at 4 °C. The supernatant was transferred 

25 to a new microcentrifuge tube and centrifuged at 16,100g for 10 min at 4 °C. The supernatant 

cell-free plasma was then collected and stored at -80 °C. DNA was extracted from 1.6 mL of 

plasma from pregnancies using QIAamp DNA Blood Mini Kit (QIAGEN GmbH, Germany), 

according to manufacturer's instructions. DNA samples eluted with 75 [IL of DNase and 

RNase-free water (Sigma) were stored at -80 °C. 

30 [00124] 	Step 1: Removal of unmethylated DNA for selected biomarkers by methylation-

sensitive restriction enzymes. In the case of a foetal/maternal DNA mixture experiment, this 

step removed maternal DNA background since the biomarker regions were mostly 
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unmethylated. Half of genomic DNA extracted from maternal plasma was subjected to 

methylation-sensitive restriction enzyme digestion in a 45 µL system, containing 1 x buffer 4, 

1 x BSA, 20 units of BstUI, 20 units of HpaII and 20 units of HhaI (New England Biolabs, 

USA). Mock digestion without restriction enzymes was set up as control. The samples were 

5 incubated at 37 °C for 2 hr and then 60 °C for 2 hr. 

[00125] 	Step 2: Detection of methylated foetal DNA by quantitative real-time PCR 

(qPCR). Restriction enzyme digested DNA from Step 1 was then subjected to qPCR to detect 

methylated foetal DNA. Two biomarkers were assayed, 	assay 	1 	(ehr15:78,933,445- 

78,933,521) from Group 1 and assay 2 (chr19:59,025,557-59,025,614) from Group 2. Assay 

10 1 reaction contains 1 x TaqMan Universal PCR Master Mix (Life Technologies, USA), 300 

nM each of forward primer (5'-ACCCCACAGCGGAGCTC-3'; SEQ ID NO: 131) and 

reverse primer (5'-AGAAAAGGACCAGGGAAGGC-3'; SEQ ID NO: 133), 200 nM of 

TaqMan probe 	(5'-FAM-CGGCTGCCACCCG-MGB-3'; 	SEQ 	ID 	NO: 	129) 	(Life 

Technologies, USA), and 10 uL of DNA in a 50 iiL system. Assay 2 reaction contains 1 x 

15 TaqMan Universal PCR Master Mix (Life Technologies, USA), 300 nM each of forward 

primer (5'-AACACATGGTCACGCACACC-3'; SEQ ID NO: 132) and reverse primer (5'- 

CGCTTGGCGCAGACG-3'; SEQ ID NO: 134), 150 nM of TaqMan probe (5'-VIC- 

CGCGCCTTCCAGTG-MGB-3'; SEQ ID NO: 130) (Life Technologies, USA), and 10 piL of 

DNA in a 50 uL system. The qPCR assays were performed in the ABI 7500 Real-Time PCR 

20 System (Life Technologies, USA). The thermo profile is 50 °C for 2 min, and 95 °C heat 

activation for 10 min, followed by 50 cycles of 95 °C for 15 sec and 60 °C for 1 min. Result 

was analyzed by 7500 Software v2.0.1. 

Results 

[00126] 	Different combinations of probe mixtures were examined with genomic DNA from 

25 one normal and one T21 cases. Cycle Threshold (Ct) values for Group 1 and Group 2 

biomarkers were determined in qPCR. The signal ratio for Group 1 and Group 2 was 

determined by calculating the Ct difference (ACt). ACt = Ct(Group 2) - Ct(Group 1) where a 

higher ACt value is expected in T21 samples as compared to normal samples. Figure 2 

illustrates the methylation difference between Group 1 and Group 2 biomarkers in normal 

30 and T21 samples using probe mix 10, which contains 35 biomarkers from Group 1 and 26 

biomarkers from Group 2. The details of probe sequences and their target biomarkers are 

listed in Mix10 Group 1 (see Table 7) and Mix10 Group 2 (see Table 8). 
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[00127] 	Alternatively, a mock digestion was performed for each sample. A mock digestion 

was exactly the same as the real digestion (specified in Steps 1-6 in Example 2), except no 

restriction enzyme was added in Step 1 and no Exonuclease I was added in Step 2. 	Ct 

difference between enzyme-digested sample and its mock-digested control was calculated 

5 where for each group (Group 1 and Group 2) ACt = Ct ("enzyme-digested") — Ct("mock-

digested-control"). This ACt value represents DNA methylation level for all measured 

biomarkers in each Group. The difference of the ACt ("enzyme-digested" — "mock-digested-

control") values between Group 1 and Group 2 biomarkers were then compared to obtain 

AACt (Group2 — Group 1). The calculated AACt (Group2 — Group 1) value represents the ratio 

10 of targeted methylated DNA in Group 1 and Group 2. Figure 3 shows the AACt (Group2 — 

Groupl) values from probe mix10, whose methylation difference between normal and T21 

tissues is the biggest among all combinations of probe mixtures tested. 

[00128] 	DNA samples obtained from maternal plasma in first trimester contain roughly 

10% of foetal DNA and 90% of maternal DNA. To mimic maternal plasma samples, we 

15 generated two types of DNA mixture samples, with foetal DNA at 10% and 5% of total DNA, 

respectively. We used purified placental DNA (foetal origin) or CVS DNA and purified 

peripheral blood DNA from pregnant women, as these two tissues are the main contributors 

of foetal and maternal DNA in maternal plasma during pregnancy. As shown in Figure 4, the 

same mix10 probe sets was used. The sample spiked in with T21 placenta DNA (mimicking a 

20 maternal plasma sample from a woman pregnant with a T21 foetus) was clearly different 

from the sample spiked in with normal CVS DNA (mimicking a maternal plasma sample 

from a woman pregnant with a non-T21 foetus). 

[00129] 	Two biomarkers were examined with genomic DNA extracted from maternal 

plasma samples from pregnancies carrying normal (N = 31) or T21 (N = 2) foetus. Assay 1 

25 represents biomarkers from Group 1 where T21 cases yield higher signal than normal cases, 

and assay 2 represents biomarkers from Group 2 where normal cases yield higher signal than 

T21 cases. Methylation-sensitive restriction enzyme digestion was performed to remove 

unmethylated foetus signal as well as maternal background. A mock digestion was performed 

for each sample as control. Ct difference between enzyme-digested sample and its mock- 

30 digested control was calculated where for each group (Group 1 and Group 2) ACt = 

Ct("enzyme-digested") — Ct("mock-digested-control"). DNA methylation level was than 
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calculated as following: DNA methylation (%) = 2- rCt("enzyme-digested") — Crmock-digested-control")] x  

100%. 

[00130] The methylation difference between biomarkers from Group 1 and Group 2 was 

obtained by calculating the methylation ratio of Group 1 and Group 2. Figure 5 shows the 

5 DNA methylation level in the examined biomarkers and the methylation ratio of Group 1 and 

Group 2 

Group 1 

from maternal 

and Group 2 in 

plasma samples, demonstrating higher values of 

T21 samples than in normal samples. 

methylation ratio of 



WO 2014/051522 

	

	
PCT/SG2013/000421 

62 

Claims 

1.  An isolated biomarker/biomarker region comprising a DNA region of the human 

genome selected from a DNA region listed in any one of tables 3 to 6 (groups 3, 4, 1 ' 

5 and 2'). 	 • 

2.  An isolated biomarker/biomarker region for detecting trisomy 21 or partial trisomy 

21, comprising a DNA region of the human genome selected from a DNA region 

listed in any one of tables 3 to 6 (groups 3, 4, 1 ' and 2'). 

10 

3.  The isolated biomarker/biomarker region according to any one of claims 1 to 2, 

wherein the level of DNA-methylation of any one of the biomarker/biomarker regions 

in a diseased sample is different from the level of DNA-methylation in the same 

biomarker/biomarker region of a non-diseased control DNA. 

15 

4.  The isolated biomarker/biomarker region according to claim 3, wherein the isolated 

biomarker/biomarker region referred to in Table 5 (group 1') or 6 (group 2') is 

methylated at a level less than 10% in maternal DNA. 

20 5.  The isolated biomarker/biomarker region according to claim 3, wherein the isolated 

biomarker/biomarker region referred to in Table 3 (group 3) or 4 (group 4) is 

methylated at a level more than 90% in maternal DNA. 

6.  The isolated biomarker/biomarker region according to any one of claims 3 to 5, 

25 wherein the level of the DNA-methylation of the biomarker referred to in Tables 5 

(group 1 ') or 4 (group 4) in a diseased sample is higher than the level of DNA-

methylation in the same region of a non-diseased control DNA. 

7.  The isolated biomarker/biomarker region according to any one of claims 3 to 6, 

30 wherein the level of the DNA-methylation of the biomarker referred to in Tables 6 

(group 2') or 3 (group 3) in a diseased sample is lower than the level of DNA-

methylation in the same region of a non-diseased control DNA. 
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8.  An isolated biomarker/biomarker region comprising a DNA region of the human 

genome selected from a DNA region listed in any one of tables 1 to 4 and 7 to 8 

(groups 1 to 4 and Mix10 Group 1 and Mix10 Group 2 respectively), wherein the 

5 level of DNA-methylation of any one of the biomarker/biomarker regions in a 

diseased sample is different from the level of DNA-methylation in the same 

biomarker/biomarker region of a non-diseased control DNA. 

9.  The isolated biomarker/biomarker region according to claim 8, wherein the isolated 

10 biomarker/biomarker region referred to in any one of Tables 1 to 2 and 7 to 8 (Group 

1, Group 2, Mix 10 Group 1 and Mix 10 Group 2 respectively) is methylated at a level 

less than 10% in maternal DNA. 

10.  The isolated biomarker/biomarker region according to claim 8, wherein the isolated 

15 biomarker/biomarker region referred to in Table 3 (group 3) or Table 4 (group 4) is 

methylated at a level more than 90% in maternal DNA. 

11.  The isolated biomarker/biomarker region according to any one of claims 8 to 10, 

wherein the level of the DNA-methylation of the biomarker referred to in Table 1 

20 (group 1) or Table 4 (group 4) or Table 7 (Mix10 Group 1), or in a diseased sample is 

higher than the level of DNA-methylation in the same region of a non-diseased 

control DNA. 

12.  The isolated biomarker/biomarker region according to any one of claims 8 to 11, 

25 wherein the level of the DNA-methylation of the biomarker referred to in Table 2 

(group 2) or Table 3 (group 3) or Table 8 (Mix 10Group 2) in a diseased sample is 

lower than the level of DNA-methylation in the same region of a non-diseased control 

DNA. 

30 13.  The isolated biomarker/biomarker region according to any one of claims 4 to 12, 

wherein the maternal DNA is maternal peripheral blood DNA. 
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14. A method of determining the likelihood of a foetus to suffer from trisomy 21 or partial 

trisomy 21, comprising the steps of: 

a) 	providing an isolated total DNA sample from a pregnant woman, comprising 

5 foetal DNA and maternal DNA; 

b) removing maternal DNA background; 

c) measuring a signal indicative for the level of foetal DNA based on one or more 

10 bionlarkers/biomarker regions listed in any one of Tables 1 to 8, where in the case 

where the maternal DNA background had a level of methylation below 10%, the 

signal is the level of methylated foetal DNA and in the case where the maternal DNA 

background had a level of methylation above 90%, the signal is the level of 

unmethylated foetal DNA; 

15 

d) determining a ratio of signals obtained under step c) by dividing the signals of 

one or more of Group 1 and/or Group 3 biomarkers/biomarker regions over the 

signals of one or more of Group 2 and/or Group 4 biomarkers/biomarker regions, 

wherein a ratio higher than the ratio determined in control foetal DNA obtained from 

20 a non-diseased foetus indicates that the foetus is likely to suffer from trisomy 21 or 

partial trisomy 21; 

wherein each of the groups is characterized by: 

25 Group 1: biomarker/biomarker region listed in Table 1 (Group 1), Table 5 (Group 1'), 

or Table 7 (Mix10 Group 1); 

Group 2: biomarker/biomarker region listed in Table 2 (Group 2) or Table 6 (Group 

2'), or Table 8 (Mix10 Group 2); 

30 

Group 3: biomarker/biomarker region listed in Table 3 (Group 3); and 
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Group 4: biomarker/biomarker region listed in Table 4 (Group 4). 

15.  The method according to claim 14, wherein the isolated total DNA from step (a) is 

obtained from the group consisting of a bodily fluid or a tissue sample obtained from 

5 the pregnant woman. 

16.  The method according to claim 15, wherein the bodily fluid is selected from the group 

consisting of whole blood, saliva, urine and amniotic fluid. 

10 17.  The method according to claim 16, wherein the bodily fluid is whole blood 

comprising blood cells, plasma and serum. 

18.  The method according to any one of claims 15 to 17, wherein the total DNA is 

obtained from plasma or serum. 

15 

19.  The method according to claim 15, wherein the tissue is selected from the group 

consisting of placental tissue and amniotic sac tissue. 

20.  The method according to any one of claims 14 to 19, wherein the maternal DNA is 

20 maternal peripheral blood DNA. 

21.  The method according to any one of claims 14 to 20, wherein step (b) is performed by 

treating the total isolated DNA with- a reagent that differentially modifies methylated 

or non-methylated DNA. 

25 ,.. 

22.  The method according to claim 21, wherein the reagent is selected from the group 

consisting of sodium bisulfite, one or more enzymes that only cleaves methylated 

DNA and one or more enzymes that only cleaves non-methylated DNA. 

30 23.  The method according to claim 22, wherein the enzyme is selected from the group 

consisting of MspJI, LpnPI, FspEI, DpnI, DpnII, McrBC, MspI, HapII, AatII, Acil, 

AclI, Afel, Agel, AscI, AscI, AsiSI, AvaI, BceAI, BmgBI, BsaAI, BsaHI, BsiEI, 
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BsiWI, BsmBI, BspDI, BsrFI, BssHII, BstBI, BstUI, Clal, EagI, Faul, FseI, FspI, 

HaeII, HgaI, Hhal, HinP 1 I, HpaIl, Hpy991, HpyCH4IV, KsaI, MluI, NaeI, NarI, 

NgoMIV, NotI, NruI, Nt.BsmAI, NtCviPII, PaeR7I, Pm1I, PvuI, RsrII, SacII, Sall, 

SfoI, SgrAI, Smal, TspMI and ZraI. 

5 

24. The method according to any one of claims 14 to 23, wherein prior to step (c), the 

total DNA is treated with an enzyme which catalyses the removal of nucleotides from 

single-stranded DNA in the 3' to 5' direction. 

10 25. The method according to any one of claims 14 to 24, wherein the total DNA is 

incubated with one or more probe sets. 

26. The method according to claim 25, wherein each probe set comprises: 

(a) a first probe, comprising a sequence for binding a forward primer, a sequence 

15 for binding a third probe and a sequence for binding to the one or more 

biomarker/biomarker regions; and 

(b) -a second probe, comprising a sequence for binding a reverse primer and a 

sequence for binding to the one or more biomarker/biomarker regions. 

20 27. The method according to claim 26 wherein the second probe is phosphorylated at the 

5' end. 

28. The method according to any one of claims 26 to 27, wherein the binding sequence 

for the third probe is different for each of biomarker/biomarker region groups 1 to 4. 

25 .. 

29. The method according to claim 28, wherein the binding sequence for the third probe 

for 	the 	Group 	1 	biomarker/biomarker 	region 	comprises 	the 	sequence 	5'- 

CCACAGTATGAATCTCT-3' (SEQ ID NO: 123). 

30 30. The method according to any one of claims 28 to 29, wherein the binding sequence 

for the third probe for the Group 2 biomarker/biomarker region comprises the 

sequence 
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5'-CCACACATAGAGTTCTT-3' (SEQ ID NO: 124). 

31.  The method according to any one of claims 26 to 30, wherein the sequences of the 

first probe and second probe in each probe set is selected from any one of the probe 

5 sets listed in Tables 7 or 8. 

32.  The method according to any one of claims 26 to 31, wherein the two probes from 

each probe set are ligated together. 

10 33.  The method according to claim 32, further comprising the step of removing the excess 

probes which have not been ligated together. 

34.  The method according to claim 32, wherein the step of removing the excess probes is 

performed using bead purification. 

15 

35.  The method according to any one of claims 14 to 34, wherein the signal which is 

indicative of the level of foetal DNA in step (c) is a fluorescent signal. 

36.  The method according to claim 35, wherein a different fluorescent signal is measured 

20 for each of biomarker/biomarker region groups 1 to 4. 

37.  The method according to claim 35, wherein the fluorescent signals originate from one 

or more probes having fluorophores thereon. 

25 38.  The method according to any one of claims 26 to 37, wherein the forward primer 

comprises 	the 	sequence 	selected 	from 	the 	group 	consisting 	of 	5'- 

GCATGGCTGCTGAGATCGT-3' (SEQ ID NO: 127). 

39.  The method according to any one of claims 26 to 38, wherein the reverse primer 

30 comprises the sequence selected from the' group of 5'-CGCACGTTCGCATCGA-3' 

(SEQ ID NO: 128). 
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40.  The method according to any one of claims 26 to 39, wherein the third probe 

comprises 	the 	sequence 	selected 	from 	the 	group 	consisting 	of 	5'-FAM- 

CCACAGTATGAATCTCT-MGB-3' (SEQ ID NO: 125). 

5 41.  The method according to any one of claims 26 to 40, wherein the third probe 

comprises 	the 	sequence 	selected 	from 	the 	group 	consisting 	of 	5' -VIC• - 

CCACACATAGAGTTCTT-MGB-3' (SEQ ID NO: 126). 

42.  The method according to any one of claims 14 to 38, wherein the signal indicative of 

10 the level of foetal DNA in step (c) is measured by quantitative polymerase chain 

reaction. 

43.  A kit comprising primers for amplifying the one or more biomarkers/biomarker 

regions selected from any one of the DNA regions of the human genome listed in any 

15 one of tables 3 to 6 (groups 3, 4, 1' and 2') and one or more reagents for measuring a 

signal 	indicative for the level 	of foetal DNA based on the one or more 

biomarkers/biomarker regions. 

44.  A kit comprising primers for amplifying the one or more biomarkers/biomarker 

20 regions selected from any one of the DNA regions of the human genome listed in any 

one of tables 1 to 4 (groups 1 to 4) and one or more reagents for measuring a signal 

indicative for the level of foetal DNA based on the one or more biomarkers/biomarker 

regions. 

25 45.  A kit comprising primers for amplifying the one or more biomarkers/biomarker 

regions selected from any one of the DNA regions of the human genome listed in any 

one of tables 7 to 8 (Mix10 Group 1 and Mix10 Group 2) and one or more reagents 

for measuring a signal indicative for the level of foetal DNA based on the one or more 

biomarkers/biomarker regions. 

30 

46.  The kit of any one of claims 43 to 45, wherein the reagents are selected from the 

group consisting of reagents for isolating DNA from 	samples, reagents 	for 
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differentially modifying methylated or non-methylated DNA, reagents for polymerase 

chain reaction and reagents for quantitative polymerase chain reaction. 

47. A method of determining the methylation levels of a biomarker/biomarker region 

5 comprising the steps of: 

(a) treating a sample comprising both foetal and maternal DNA with a reagent that 

differentially modifies methylated and non-methylated DNA; 

(b) calculating the percentage of unmodified cytosine residues over the total 

10 number of modified and unmodified cytosine residues in order to determine 

the methylation levels of a biomarker/biomarker region. 

48. The method according to claim 47, wherein the reagent in step (a) is selected from the 

group consisting of sodium bisulfite, one or more enzymes that preferentially cleaves 

15 methylated DNA and one or more enzymes that preferentially cleaves non-methylated 

DNA. 

49. The method according to any one of claims 47 to 48, further comprising bisulfite 

sequencing prior to step (b). 

20 50. The method according to claim 49, where signals detected from the unmodified 

cytosine residues and the modified cytosine residues are compared to calculate the 

methylation level. 


