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CLAIMS
WHAT IS CLAIMED IS: )

1. A method for determining the presence or absence of any four or more different comple;
fetal chromosomal aneuploidies in a maternal test sample comprising fetal and maternal nuclgic acids,
said method comprising:

(a) obtaining sequence information for said fetal and maternal nucleic acigé in said
sample;

(b) using said sequence information to identify a number of sequencé tags for each of any
four or more chromosomes of interest selected from chromosomes 1-22, X, apfl Y and to identify a
number of sequence tags for a normalizing chromosome sequence for eaclof said any four or more
chromosomes of interest;

(c) using said number of sequence tags identified for eaeh of said any four or more
chromosomes of interest and said number of sequence tags identiffed for each said normalizing
chromosome sequence to calculate a single chromosome doseAor each of said any four or more
chromosomes of interest; and
’ (d) comparing each of said single chromosgfme doses for each of said any four or more
chromosomes of interest to a threshold value for eaclyof said four or more chromosomes of interest,
and thereby determining the presence or absence ¢f any four or more complete different fetal

chromaosomal aneuploidies in said sample.

2. The methed of Claim 1, wherein gfep (c) comprises calculating a single chromosome dose for
each of said chromosomes of interest 45'the ratio of the number of sequence tags identified for each of
said chromosomes of interest and th¢ number of sequence tags identified for said normalizing

chromosome sequence for each #f said chromosomes of interest.

3, The method of Claith 1 or 2, wherein step (¢) comprises:

to theslength of each said normalizing chromosome; and(iii) using the sequence tag density ratios
cgfculated in steps (i) and (i) 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
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each of said chromosomes of interest and the sequence tag density ratio for said normalizing

chromosome sequence for each of said chromosemes of interest.

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

complete fetal chromosomal aneuploidies is determined.

3. The method of any one of Claims 1-3, wherein said any four or more chromogémes of interest
selected from chromosomes 1-22, X, and Y is all of chromosomes 1-22, X, and Y, a#nd wherein the
presence or absence of complete fetal chromosomal ancuploidies of all of chromosomes 1-22, X, and

Y is determined.

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

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

8. ' A method for delermining the presence or absegée of any one or more different complete fetal
chromosomal aneuploidies in a maternal test sample Zomprising fetal and maternal nucleic acids, said

method comprising:

{a) obtaining sequence informaljén for said fetal and maternal nucleic acids in said

sample;

(b) using said sequence piformation to identify a number of sequence tags for each of any
one or more chromosomes of intepést selected from chromosomes 1-22, X and Y and to identify a
number of sequence tags for a gormalizing segment sequence for each of said any one or maore

chromosomes of interest;

{c) using sdid number of sequence tags identified for each of said any one or more
chromosomes of intgrest and said number of sequence tags identified for said normalizing segment
sequence to calcyfate a single chromosome dose for each of said any one or more chromosomes of

interest; and

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

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

-95.




WO 2013/015793 PCT/US2011/045412

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

aneuploidies in said sample.

9. The method of Claim 8, wherein step (c) comprises calculating a single chromosome dose fgr
each of said chromosomes of interest as the ratio of the number of sequence tags identified for egth of
said chromosomes of interest and the number of sequence tags identified for said normalizing

segment sequence for each of said chromosomes of interest.

complete fetal chromosomal aneuploidies is determined.

11. The method of any one of Claims 8 or 9, wherein said any one gr more chromosomes of
interest selected from chromosomes 1-22, X, and Y is all of chromogomes 1-22, X, and Y, and
wherein the presence or absence of complete fetal chromosomal gheuploidies of all of chromosomes
1-22, X, and Y is determined.

12, The method of any one of Claims 1-11, wherein #aid different complete chromosomal
aneuploidies are selected from complete chromosomaltrisomies, complete chromosomal monosomies

and complete chromosomal polysomies.

13. The method of any one of Claims 1-12Z, wherein said different complete fetal chromosomal
aneuploidies are selected from trisomy 2, tffsomy &, trisomy 9, trisomy 21, trisomy 13, trisomy 16,

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

14, The method of any one of £laims 1-13, wherein steps (a)-(d) are repeated for test samples
from different maternal subjectg! 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 4f any one of Claims 1-14, further comprising calculating a normalized
chromosome valgé (NCV), wherein said NCV relates said chromosome dose to the mean of the

corresponding£hromosome dose in a set of qualified samples as:

Yij ~Hj

NCVij = 5
J
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where fi; and &; are the estimated mean and standard deviation, respectively, for the j-th chromosome

dose in a set of qualified samples, and x;; 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 in a maternal test sample comprising a fetal and maternal nucleic acjds,

said method comprising:

(a) obtaining sequence information for said fetal and maternal nucleic acigein said
sample;

(b) using said sequence information to identify a number of sequencgtags for each of any
one or more segments of any one or more chromosomes of interest selected {rgm chromosomes 1-22,
X, and Y and to identify a number of sequence tags for a normalizing segmént sequence for each of
said any one or more segments of any one or more chromosomes of intgfest;

(e using said number of sequence tags identified for eggh of said any one or more
segments of any one or more chromosomes of interest and said nuinber of sequence tags identified for
said normalizing segment sequence to calculate a single chrorpbsome dose for each of said any one or
more segments of any one or more chromosomes of interegt, and

(d) comparing each of said single segment goses for each of said any one or more
segments of any' one or more chromosomes of interegl to a threshold value for cach of said any one or
more chromosomal segments of any one or more gZhromosome of interest, and thereby determining the
presence or absence of one or more different pdrtial fetal chromosomal aneuploidies in said sample.
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 fpf each of said any one or more segments of any one or more
chromesomes of interest and the gaimber of sequence Lags identified for said normalizing segment
sequence for each of said any gfie 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 NS¥ relates said segment dose to the mean of the corresponding segment dose in

where Jfand &; are the estimated mean and standard deviation, respectively, for the j-th segment

doseAn a set of qualified samples, and x;; is the observed j-th segment dose for test sample .

9. 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.
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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 cne 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 anenploidies gre selected
from partial monosomy of chromosome 1, partial monosomy of chromosome 4, partigl' monosomy of
chromosome 5, partial monosomy of chromosome 7, partial monosomy of chromgéome 11, partial

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

chromosome 18, and partial monosomy of chromosome 22.

23. The method of any one of Claims 16-22, wherein steps (a)-(d) gfc 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 eagh of said samples.

24. The method of any one of the preceding Claims, whefein 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 sgd test sample.

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

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

26.-  The method of any one of the preg€eding Claims, wherein said nucleic acid molecules are a

mixture of fetal and maternal cell-fr NA molecnles.

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

sequencing (NGS).

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

29. hod of any one of the preceding Claims, wherein said sequencing is sequencing-by-

ligation.

30.

amplification.

e method of any one of the preceding Claims, wherein said sequencing comprises an
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31. The method of any one of the preceding Claims, wherein said sequencing is single molecule
sequencing.
32 A method for determining the presence or absence of any twenty or more different complet

fetal chromosomal aneuploidies in a maternal plasma test sample comprising a mixture of fetal apd

maternal cell-free DNA molecules, said method comprising:

(a) sequencing at least a pbrtion of said cell-free DINA molecules to obtain s¢quence

information for said fetal and maternal cell-free DNA molecules in said sample;

chromosomes of interest;

(c) using said number of sequence tags identified for g4ch of said twenty or more
chromosomes of interest and said number of sequence tags idengified for each said normalizing
chromosome to calculate a single chromosome dose for eachy/0f said twenty or more chromosomes of

interest; and

{d} comparing each of said single chromtsome doses for each of said twenty or more
chromosomes of interest to a threshold value for gach of said twenty or more chromosomes of
interest, and thereby determining the presence #r absence of any twenty or more different complete

fetal chromosomal aneuploidies in said sampie.
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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) identifying a normalizing chromosome for each of said four or more chromosomes of
interest in a qualified sample, wherein each of said normalizing chromosomes for each of said four or

more chromosomes of interest:

i) displays a variability in the number of sequence tags that are mapped to the
normalizing chromosome that best approximates the number of sequence tags that map to the

chromosome of interest in the qualified sample; and/or

(ii) provides the greatest statistical difference between the distribution of
chromosome doses for the chromosome of interest in the qualified sample and the distribution

of chiromosome doses for the chromosome of interest in the test sample;

{b) obtaining sequence information for said fetal and maternal nucleic acids in said

sample;

(©) 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 the

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

(d) 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

(e) 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.



2. The method of Claim 1, wherein step (¢) 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

chromosome sequence for each of said chromosomes of interest.
3. The method of Claim 1 or 2, wherein step (c) comprises:

(63 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) 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 each

of said 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

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

(i) provides the greatest statistical difference between the distribution of
chromosome doses for the chromosome of interest in the qualified sample and the distribution

of chromosome doses for the chromosome of interest in the test sample;

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

sample;

(c) 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 the normalizing

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

(d) 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

(e) 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.

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
ancuploidies 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:

Xy — 4y

-~

NCVU =

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

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

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) identifying a normalizing segment sequence for each of said one or more segments of
the one or more chromosomes of interest in a qualified sample, wherein each of said normalizing

segment sequence 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

(i) provides the greatest statistical difference between the distribution of
chromosome doses for the one or more segments of the one or more chromosomes of interest
in the qualified sample and the distribution of chromosome doses for the one or more

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

(b) obtaining sequence information for said fetal and matemal nucleic acids in said

sample;

{c) 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
normalizing segment sequence for each of said any one or more segments of any one or more

chromosomes of interest;

(d) 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

(e) 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.

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:



Xij —

9j

NSVU' =

where fi; and §; are the estimated mean and standard deviation, respectively, for the j-th segment

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

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.

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.
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