
CLAIMS 

WHAT IS CLAIMED IS: 

1. 	A method for determining the presence or absence of any four or more different e' 	plete 

fetal chromosomal aneuploidies for each of four or more chromosomes of interest in a • aternal test 

sample comprising fetal and maternal nucleic acids, said method comprising: 

(a) 	identifying a normalizing chromosome for each of said four or 	ore chromosomes of 

interest in a qualified sample, wherein each of said normalizing chromosom- 	for each of said four or 

more chromosomes of interest: 

(i) displays a variability in the number of segue • e tags that are mapped to the 

normalizing chromosome that best approximates the num. r of sequence tags that map to the 

chromosome of interest in the qualified sample; and/or 

(ii) provides the greatest statistical difr rence between the distribution of 

chromosome doses for the chromosome of inter 	tin the qualified sample and the distribution 

of chromosome doses for the chromosome o 	nterest in the test sample; 

(b) obtaining sequence information '•r said fetal and maternal nucleic acids in said 

sample; 

(c) using said sequence info 	ation to identify a number of sequence tags for each of 

said any four or more chromosomes o 	nterest, wherein the four or more chromosomes of interest are 

selected from chromosomes 1-22, ' and Y and to identify a number of sequence tags for the 

normalizing chromosome for ea, 	of said any four or more chromosomes of interest; 

(d) using said . imber of sequence tags identified for each of said any four or more 

chromosomes of interest nd said number of sequence tags identified for each said normalizing 

chromosome to calcu 	e a single chromosome dose for each of said any four or more chromosomes 

of interest; and 

(e) comparing each of said single chromosome doses for each of said any four or more 

chromoso 	s of interest to a threshold value for each of said four or more chromosomes of interest, 

and then sy determining the presence or absence of any four or more complete different fetal 

chro • .somal aneuploidies in said sample. 
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2. 	The method of Claim 1, wherein step (c) comprises calculating a single chromosome dose fo 

each of said chromosomes of interest as the ratio of the number of sequence tags identified for eac' of 

said chromosomes of interest and the number of sequence tags identified for said normalizing 

chromosome sequence for each of said chromosomes of interest. 

3. 	The method of Claim 1 or 2, wherein step (c) comprises: 

(i) calculating a sequence tag density ratio for each of said chromoso 	s of interest, by 

relating the number of sequence tags identified for each of said chromosomes of 	serest in step (b) to 

the length of each of said chromosomes of interest; 

(ii) calculating a sequence tag density ratio for each said no 	alizing chromosome by 

relating the number of sequence tags identified for said normalizing c. omosome sequence in step (b) 

to the length of each said normalizing chromosome; and(iii) 	u 	g the sequence tag density ratios 

calculated in steps (i) and (ii) to calculate a single chromosome P. se for each of said chromosomes of 

interest, wherein said chromosome dose is calculated as the . o of the sequence tag density ratio for 

each of said chromosomes of interest and the sequence ta,  .ensity ratio for said normalizing 

chromosome sequence for each of said chromosomes o 	n erest. 

4. 	The method of any one of Claims 1-3, whe 	in said any four or more chromosomes of interest 

selected from chromosomes 1-22, X, and Y co 	ise at least twenty chromosomes selected from 

chromosomes 1-22, X, and Y, and wherein t 	presence or absence of at least twenty different 

complete fetal chromosomal aneuploidies 	determined. 

5. 	The method of any one of Cl.'s 1-3, wherein said any four or more chromosomes of interest 

selected from chromosomes 1-22, 	and Y is all of chromosomes 1-22, X, and Y, and wherein the 

presence or absence of complet 	etal chromosomal aneuploidies of all of chromosomes 1-22, X, and 

Y is determined. 

6. 	The method of a 	one of Claims 1-5, wherein said normalizing chromosome sequence is a 

single chromosome s-  -cted from chromosomes 1-22, X, and Y. 

7. 	The met .d of any one of Claims 1-5, wherein said normalizing chromosome sequence is a 

group of chromosomes selected from chromosomes 1-22, X, and Y. 

8. 	ethod for determining the presence or absence of any one or more different complete fetal 

chrome omal aneuploidies for said one or more chromosomes of interest in a maternal test sample 

co 	.rising fetal and maternal nucleic acids, said method comprising: 
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(a) 	identifying a normalizing segment sequence for each of said one or more 

chromosomes of interest in a qualified sample, wherein said normalizing segment sequence for eac 

of said one or more chromosomes of interest: 

(i) displays a variability in the number of sequence tags that are mapp; 	to the 

normalizing segment sequence that best approximates the number of sequence t. _s that map 

to the chromosome of interest in the qualified sample; and/or 

(ii) provides the greatest statistical difference between the d' 	ribution of 

chromosome doses for the chromosome of interest in the qualified sa •  rule and the distribution 

of chromosome doses for the chromosome of interest in the test sa , .le; 

(b) obtaining sequence information for said fetal and mat: 	al nucleic acids in said 

sample; 

(c) using said sequence information to identify a.tuber of sequence tags for each of any 

one or more chromosomes of interest, wherein the one or m• 	chromosomes of interest are selected 

from chromosomes 1-22, X and Y and to identify a num 	r of sequence tags for the normalizing 

segment sequence for each of said any one or more cl imosomes of interest; 

(d) using said number of sequence t. 	identified for each of said any one or more 

chromosomes of interest and said number of s i ,uence tags identified for said normalizing segment 

sequence to calculate a single chromosome - 4 se for each of said any one or more chromosomes of 

interest; and 

(e) comparing each of 	id single chromosome doses for each of said any one or more 

chromosomes of interest to a thr 	old value for each of said one or more chromosomes of interest, 

and thereby determining the p 	Bence or absence of one or more different complete fetal chromosomal 

aneuploidies in said sample 

9. The method o 	laim 8, wherein step (c) comprises calculating a single chromosome dose for 

each of said chrom 	omes of interest as the ratio of the number of sequence tags identified for each of 

said chromosom 	of interest and the number of sequence tags identified for said normalizing 

segment sequ> ce for each of said chromosomes of interest. 

10. e method of Claim 8 or 9, wherein said any one or more chromosomes of interest selected 

from 	omosomes 1-22, X, and Y comprise at least twenty chromosomes selected from 

chi-, 	osomes 1-22, X, and Y, and wherein the presence or absence of at least twenty different 

. implete fetal chromosomal aneuploidies is determined. 
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11. The method of any one of Claims 8 or 9, wherein said any one or more chromosomes of 

interest selected from chromosomes 1-22, X, and Y is all of chromosomes 1-22, X, and Y, and 

wherein the presence or absence of complete fetal chromosomal aneuploidies of all of chromos s 	es 

1-22, X, and Y is determined. 

12. The method of any one of Claims 1-11, wherein said different complete chromo• A mal 

aneuploidies are selected from complete chromosomal trisomies, complete chromoso , al monosomies 

and complete chromosomal polysomies. 

13. The method of any one of Claims 1-12, wherein said different compl- 	fetal chromosomal 

aneuploidies are selected from trisomy 2, trisomy 8, trisomy 9, trisomy 21, 	isomy 13, trisomy 16, 

trisomy 18, trisomy 22, 47,XXY, 47,XXX, 47,XYY, and monosomy X 

14. The method of any one of Claims 1-13, wherein steps (a)-(• 	are repeated for test samples 

from different maternal subjects, and wherein the method compr es determining the presence or 

absence of any four or more different complete fetal cluomos 	ial aneuploidies in each of said 

samples. 

15. The method of any one of Claims 1-14, furthe comprising calculating a normalized 

chromosome value (NCV), wherein said NCV rela 	said chromosome dose to the mean of the 

corresponding chromosome dose in a set of qua 	ied samples as: 

xij — if N CVLJ = 	6. 1 

where fl j  and o'j  are the estimated 	n and standard deviation, respectively, for the j-th chromosome 

dose in a set of qualified samples .nd xij  is the observed j-th chromosome dose for test sample i. 

16. A method for dete 	, ning the presence or absence of different partial fetal chromosomal 

aneuploidies for one or 	e segments of any one or more chromosomes of interest in a maternal test 

sample comprising a 	.1 and maternal nucleic acids, said method comprising: 

	

(a) 	1. ntifying a normalizing segment sequence for each of said one or more segments of 

the one or mor chromosomes of interest in a qualified sample, wherein each of said normalizing 

	

segment se 	ence for each of the one or more segments of the one or more chromosomes of interest: 

(i) 	displays a variability in the number of sequence tags that are mapped to the 

normalizing segment sequence that best approximates the number of sequence tags that map 
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to the one or more segments of the one or more chromosomes of interest in the qualified 

sample; and/or 

(ii) 	provides the greatest statistical difference between the distribution of 

chromosome doses for the one or more segments of the one or more chromosomes 	interest 

in the qualified sample and the distribution of chromosome doses for the one or 	ore 

segments of the one or more chromosomes of interest in the test sample 

(b) obtaining sequence information for said fetal and maternal nue 	acids in said 

sample; 

(c) using said sequence information to identify a number of • -quence tags for each of any 

one or more segments of any one or more chromosomes of interest, w,  -rein the one or more segments 

are selected from chromosomes 1-22, X, and Y and to identify a n 	ber of sequence tags for a 

normalizing segment sequence for each of said any one or more 	gments of any one or more 

chromosomes of interest; 

(d) using said number of sequence tags iden 	ied for each of said any one or more 

segments of any one or more chromosomes of interes 	nd said number of sequence tags identified for 

said normalizing segment sequence to calculate a s 	gle chromosome dose for each of said any one or 

more segments of any one or more chromosome of interest; and 

(e) comparing each of said sin e segment doses for each of said any one or more 

segments of any one or more chromoso 	s of interest to a threshold value for each of said any one or 

more chromosomal segments of any • e or more chromosome of interest, and thereby determining the 

presence or absence of one or more different partial fetal chromosomal aneuploidies in said sample. 

17. The method of Cl. 	16, wherein step (c) comprises calculating a single segment dose for 

each of said any one or , ore segments of any one or more chromosomes of interest as the ratio of the 

number of sequence 	gs identified for each of said any one or more segments of any one or more 

chromosomes of 1 P erest and the number of sequence tags identified for said normalizing segment 

sequence fore.of said any one or more segments of any one or more chromosomes of interest. 

18. e method of Claim 16 or 17, further comprising calculating a normalized segment value 

(NS 	wherein said NSV relates said segment dose to the mean of the corresponding segment dose in 

a 	t of qualified samples as: 
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xi  — µj
NSVii  ' — 

ci.i 

where Pi  and Fri  are the estimated mean and standard deviation, respectively, for the j-th se: . • nt  

dose in a set of qualified samples, and xi j  is the observed j-th segment dose for test samp - 

19. The method of any one of Claims 8-18, wherein said normalizing segment s 	ence is a 

single segment of any one or more of chromosomes 1-22, X, and Y. 

20. The method of any one of Claims 8-18, wherein said normalizing se 	ent sequence is a 

group of segments of any one or more of chromosomes 1-22, X, and Y. 

21. The method of any one of Claims 16-20, wherein said differe , partial fetal chromosomal 

aneuploidies are selected from partial duplications, partial multiplio. ions, partial insertions and 

partial deletions. 

22. The method of any one of Claims 16-21, wherein s 	d partial fetal aneuploidies are selected 

from partial monosomy of chromosome 1, partial mono dmy of chromosome 4, partial monosomy of 

chromosome 5, partial monosomy of chromosome 7 • artial monosomy of chromosome 11, partial 

monosomy of chromosome 15, partial monosomy 	chromosome 17, partial monosomy of 

chromosome 18, and partial monosomy of chro osome 22. 

23. The method of any one of Claims 	.-22, wherein steps (a)-(d) are repeated for test samples 

from different maternal subjects, and w - rein the method comprises determining the presence or 

absence of different partial fetal chro 	osomal aneuploidies in each of said samples. 

24. The method of any one , 	the preceding Claims, wherein step (a) comprises sequencing at 

least a portion of said nuclei 	cid molecules of said test sample to obtain said sequence information 

for said fetal and materna 	ucleic acid molecules of said test sample. 

25. The method • any one of the preceding Claims, wherein said test sample is a maternal 

sample selected fr 	blood, plasma, serum, urine and saliva samples. 

26. The , -thod of any one of the preceding Claims, wherein said nucleic acid molecules are a 

mixture of -tal and maternal cell-free DNA molecules. 

27. The method of any one of the preceding Claims, wherein said sequencing is next generation 

se 	encing (NGS). 
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28. The method of any one of the preceding Claims, wherein said sequencing is massively 

parallel sequencing using sequencing-by -synthesis with reversible dye terminators. 

29. The 

ligation. 

method of any one of the preceding Claims, wherein said sequencing is sequenci -by- 

30. The method of any one of the preceding Claims, wherein said sequencing co ses an 

amplification. 

31. The 

sequencing. 

method of any one of the preceding Claims, wherein said sequenc 	g is single molecule 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A method for determining the presence or absence of any four or more different complete 

fetal chromosomal aneuploidies for each of four or more chromosomes of interest in a maternal test 

sample comprising fetal and maternal nucleic acids, said method comprising:  

(a)  obtaining sequence information for said fetal and maternal nucleic acids in said 

sample;  

(b)  using said sequence information to identify a number of sequence tags for each of 

said any four or more chromosomes of interest, wherein the four or more chromosomes of interest are 

selected from chromosomes 1-22, X, and Y and to identify a number of sequence tags for a 

normalizing chromosome for each of said any four or more chromosomes of interest;  

(c)  using said number of sequence tags identified for each of said any four or more 

chromosomes of interest and said number of sequence tags identified for each said normalizing 

chromosome to calculate a single chromosome dose for each of said any four or more chromosomes 

of interest; and  

(d)  comparing each of said single chromosome doses for each of said any four or more 

chromosomes of interest to a threshold value for each of said four or more chromosomes of interest, 

and thereby determining the presence or absence of any four or more complete different fetal 

chromosomal aneuploidies in said sample; 

wherein each said normalizing chromosome for each of said four or more chromosomes of 

interest is determined by systematically calculating all possible chromosome doses for each of the 

four or more chromosomes of interest in a training set of samples comprising qualified samples 

comprising chromosomes that are present in known copy number and which are not aneuploid for 

each of the four or more chromosomes of interest, by using the number of sequence tags identified for 

each of the remaining chromosomes and the sum of the number of sequence tags identified for all 

possible combinations of the remaining chromosomes to determine which single chromosome or 

group of chromosomes results in the least variability of the chromosome dose for each of the four or 

more chromosomes of interest across said qualified samples.  

2. The method of Claim 1, wherein step (c) comprises calculating a single chromosome dose for 

each of said chromosomes of interest as the ratio of the number of sequence tags identified for each of 
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said chromosomes of interest and the number of sequence tags identified for said normalizing 

chromosome sequence  for each of said chromosomes of interest. 

3. The method of Claim 1 or 2, wherein step (c) comprises: 

(i) calculating a sequence tag density ratio for each of said chromosomes of interest, by 

relating the number of sequence tags identified for each of said chromosomes of interest in step (b) to 

the length of each of said chromosomes of interest; 

(ii) calculating a sequence tag density ratio for each said normalizing chromosome by 

relating the number of sequence tags identified for said normalizing chromosome sequence in step (b) 

to the length of each said normalizing chromosome; and 

(iii) using the sequence tag density ratios calculated in steps (i) and (ii) to calculate a 

single chromosome dose for each of said chromosomes of interest, wherein said chromosome dose is 

calculated as the ratio of the sequence tag density ratio for each of said chromosomes of interest and 

the sequence tag density ratio for said normalizing chromosome sequence for each of said 

chromosomes of interest. 

4. The method of any one of Claims 1-3, wherein said any four or more chromosomes of interest 

selected from chromosomes 1-22, X, and Y comprise at least twenty chromosomes selected from 

chromosomes 1-22, X, and Y, and wherein the presence or absence of at least twenty different 

complete fetal chromosomal aneuploidies is determined. 

5. The method of any one of Claims 1-3, wherein said any four or more chromosomes of interest 

selected from chromosomes 1-22, X, and Y is all of chromosomes 1-22, X, and Y, and wherein the 

presence or absence of complete fetal chromosomal aneuploidies of all of chromosomes 1-22, X, and 

Y is determined. 

6. The method of any one of Claims 1-5, wherein said normalizing chromosome sequence is a 

single chromosome selected from chromosomes 1-22, X, and Y. 

7. The method of any one of Claims 1-5, wherein said normalizing chromosome sequence is a 

group of chromosomes selected from chromosomes 1-22, X, and Y. 

8.  A method for determining the presence or absence of any one or more different complete fetal 

chromosomal aneuploidies for said one or more chromosomes of interest in a maternal test sample 

comprising fetal and maternal nucleic acids, said method comprising:  
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 (a)  obtaining sequence information for said fetal and maternal nucleic acids in said 

sample;  

(b)  using said sequence information to identify a number of sequence tags for each of any 

one or more chromosomes of interest, wherein the one or more chromosomes of interest are selected 

from chromosomes 1-22, X and Y and to identify a number of sequence tags for a normalizing 

segment sequence for each of said any one or more chromosomes of interest;  

(c)  using said number of sequence tags identified for each of said any one or more 

chromosomes of interest and said number of sequence tags identified for said normalizing segment 

sequence to calculate a single chromosome dose for each of said any one or more chromosomes of 

interest; and  

(d)  comparing each of said single chromosome doses for each of said any one or more 

chromosomes of interest to a threshold value for each of said one or more chromosomes of interest, 

and thereby determining the presence or absence of one or more different complete fetal chromosomal 

aneuploidies in said sample, 

wherein each said normalizing chromosome segment for each of said one or more 

chromosomes of interest is determined by systematically calculating all possible chromosome doses 

for each of the one or more chromosomes of interest in a training set of samples comprising qualified 

samples comprising chromosomes that are present in known copy number and which are not 

aneuploid for each of the one or more chromosomes of interest, by using the number of sequence tags 

identified for segments of each of the remaining chromosomes and the sum of the number of sequence 

tags identified for all possible combinations of segments of the remaining chromosomes to determine 

which single segment or group of segments results in the least variability of the chromosome dose for 

each of the one or more chromosomes of interest across said qualified samples. 

9. The method of Claim 8, wherein step (c) comprises calculating a single chromosome dose for 

each of said chromosomes of interest as the ratio of the number of sequence tags identified for each of 

said chromosomes of interest and the number of sequence tags identified for said normalizing 

segment sequence for each of said chromosomes of interest. 

10. The method of Claim 8 or 9, wherein said any one or more chromosomes of interest selected 

from chromosomes 1-22, X, and Y comprise at least twenty chromosomes selected from 

chromosomes 1-22, X, and Y, and wherein the presence or absence of at least twenty different 

complete fetal chromosomal aneuploidies is determined. 
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11. The method of any one of Claims 8 or 9, wherein said any one or more chromosomes of 

interest selected from chromosomes 1-22, X, and Y is all of chromosomes 1-22, X, and Y, and 

wherein the presence or absence of complete fetal chromosomal aneuploidies of all of chromosomes 

1-22, X, and Y is determined. 

12. The method of any one of Claims 1-11, wherein said different complete chromosomal 

aneuploidies are selected from complete chromosomal trisomies, complete chromosomal monosomies 

and complete chromosomal polysomies. 

13. The method of any one of Claims 1-12, wherein said different complete fetal chromosomal 

aneuploidies are selected from trisomy 2, trisomy 8, trisomy 9, trisomy 21, trisomy 13, trisomy 16, 

trisomy 18, trisomy 22,  47,XXY, 47,XXX, 47,XYY, and monosomy X.   

14. The method of any one of Claims 1-13, wherein steps (a)-(d) are repeated for test samples 

from different maternal subjects, and wherein the method comprises determining the presence or 

absence of any four or more different complete fetal chromosomal aneuploidies in each of said 

samples. 

15. The method of any one of Claims 1-14, further comprising calculating a normalized 

chromosome value (NCV), wherein said NCV relates said chromosome dose to the mean of the 

corresponding chromosome dose in a set of qualified samples as: 

 

where  and   are the estimated mean and standard deviation, respectively, for the j-th chromosome 

dose in a set of qualified samples, and  is the observed j-th chromosome dose for test sample i. 

16. A method for determining the presence or absence of different partial fetal chromosomal 

aneuploidies for one or more segments of any one or more chromosomes of interest in a maternal test 

sample comprising a fetal and maternal nucleic acids, said method comprising:  

 (a)  obtaining sequence information for said fetal and maternal nucleic acids in said 

sample;  

(b)  using said sequence information to identify a number of sequence tags for each of any 

one or more segments of any one or more chromosomes of interest, wherein the one or more segments 

are selected from chromosomes 1-22, X, and Y and to identify a number of sequence tags for a 
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normalizing segment sequence for each of said any one or more segments of any one or more 

chromosomes of interest;  

(c)  using said number of sequence tags identified for each of said any one or more 

segments of any one or more chromosomes of interest and said number of sequence tags identified for 

said normalizing segment sequence to calculate a single chromosome dose for each of said any one or 

more segments of any one or more chromosomes of interest; and  

(d)  comparing each of said single segment doses for each of said any one or more 

segments of any one or more chromosomes of interest to a threshold value for each of said any one or 

more chromosomal segments of any one or more chromosome of interest, and thereby determining the 

presence or absence of one or more different partial fetal chromosomal aneuploidies in said sample, 

wherein each said normalizing chromosome segment for each of said one or more segments 

of any one or more chromosomes of interest is determined by systematically calculating all possible 

chromosome doses for each of the one or more segments of any one or more chromosomes of interest 

in a training set of samples comprising qualified samples comprising chromosomes that are present in 

known copy number and which are not aneuploid for each of the one or more chromosomes of 

interest, by using the number of sequence tags identified for segments of each of the remaining 

chromosomes and the sum of the number of sequence tags identified for all possible combinations of 

the segments of the remaining chromosomes to determine which single segment or group of segments 

results in the least variability of the chromosome dose for each of the one or more segments of any 

one or more chromosomes of interest across said qualified samples. 

 

17. The method of Claim 16, wherein step (c) comprises calculating a single segment dose for 

each of said any one or more segments of any one or more chromosomes of interest as the ratio of the 

number of sequence tags identified for each of said any one or more segments of any one or more 

chromosomes of interest and the number of sequence tags identified for said normalizing segment 

sequence for each of said any one or more segments of any one or more chromosomes of interest. 

 

18. The method of Claim 16 or 17, further comprising calculating a normalized segment value 

(NSV), wherein said NSV relates said segment dose to the mean of the corresponding segment dose in 

a set of qualified samples as: 
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where  and   are the estimated mean and standard deviation, respectively, for the j-th segment 

dose in a set of qualified samples, and  is the observed j-th segment dose for test sample i. 

19. The method of any one of Claims 8-18, wherein said normalizing segment sequence is a 

single segment of any one or more of chromosomes 1-22, X, and Y. 

20. The method of any one of Claims 8-18, wherein said normalizing segment sequence is a 

group of segments of any one or more of chromosomes 1-22, X, and Y. 

21. The method of any one of Claims 16-20, wherein said different partial fetal chromosomal 

aneuploidies are selected from partial duplications, partial multiplications, partial insertions and 

partial deletions. 

22. The method of any one of Claims 16-21, wherein said partial fetal aneuploidies are selected 

from partial monosomy of chromosome 1, partial monosomy of chromosome 4, partial monosomy of 

chromosome 5, partial monosomy of chromosome  7, partial monosomy of chromosome 11, partial 

monosomy of chromosome 15, partial monosomy of chromosome  17, partial monosomy of 

chromosome 18, and partial monosomy of chromosome 22. 

23. The method of any one of Claims 16-22, wherein steps (a)-(d) are repeated for test samples 

from different maternal subjects, and wherein the method comprises determining the presence or 

absence of different partial fetal chromosomal aneuploidies in each of said samples. 

24. The method of any one of the preceding Claims, wherein step (a) comprises sequencing at 

least a portion of said nucleic acid molecules of said test sample to obtain said sequence information 

for said fetal and maternal nucleic acid molecules of said test sample. 

25. The method of any one of the preceding Claims, wherein said test sample is a maternal 

sample selected from blood, plasma, serum, urine and saliva samples. 

26. The method of any one of the preceding Claims, wherein said nucleic acid molecules are a 

mixture of fetal and maternal cell-free DNA molecules. 

27. The method of any one of the preceding Claims, wherein said sequencing is next generation 

sequencing (NGS). 

28. The method of any one of the preceding Claims, wherein said sequencing is massively 

parallel sequencing using sequencing-by-synthesis with reversible dye terminators. 
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29. The method of any one of the preceding Claims, wherein said sequencing is sequencing-by-

ligation. 

30. The method of any one of the preceding Claims, wherein said sequencing comprises an 

amplification. 

31. The method of any one of the preceding Claims, wherein said sequencing is single molecule 

sequencing. 


