CLAIMS

WHAT IS CLAIMED IS:

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

(a) identifying a normalizing chromosome for each of said four or giore chromosomes of
interest in a qualified sample, wherein each of said normalizing chromosomef for each of said four or

more chromosomes of interest:

) displays a variability in the number of sequepfe tags that are mapped to the
normalizing chromosome that best approximates the numb#r of sequence tags that map to the

chromosome of interest in the qualified sample; and/or

(i1) provides the greatest statistical diffrence between the distribution of
chromosome doses for the chromosome of interght in the qualified sample and the distribution

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

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

sample;

() using said sequence infopnation to identify a number of sequence tags for each of
said any four or more chromosomes offinterest, wherein the four or more chromosomes of interest are
selected from chromosomes 1-22, 3, and Y and to identify a number of sequence tags for the

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

(d) using said gfimber 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 calculgfie a single chromosome dose for each of said any four or more chromosomes

of interest; and
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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 eaclf 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 (¢) comprises:

(63 calculating a sequence tag density ratio for each of said chromosorg€s of interest, by
relating the number of sequence tags identified for each of said chromosomes of fiterest in step (b) to

the length of each of said chromosomes of interest;

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

relating the number of sequence tags identified for said normalizing cl)fomosome sequence in step (b)
to the length of each said normalizing chromosome; and(iii) g the sequence tag density ratios
calculated in steps (i) and (ii) to calculate a single chromosome gbse for each of said chromosomes of
interest, wherein said chromosome dose is calculated as the rgfio of the sequence tag density ratio for
each of said chromosomes of interest and the sequence tagfensity ratio for said normalizing

chromosome sequence for each of said chromosomes offnterest.

4. The method of any one of Claims 1-3, whey€in said any four or more chromosemes of interest

selected from chromosomes 1-22, X, and Y conyfrise at least twenty chromosomes selected from
chromosomes 1-22, X, and Y, and wherein thf presence or absence of at least twenty different

complete fetal chromosomal aneuploidies # determined.

5. The method of any one of Clg#ins 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 completefletal chromosomal aneuploidies of all of chromosomes 1-22, X, and

Y is determined.

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

ethod for determining the presence or absence of any one or more different complete fetal
chromgfomal aneuploidies for said one or more chromosomes of interest in a maternal test sample

rising fetal and matemnal 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 inferest:

@ displays a variability in the number of sequence tags that are mappgfl to the
normalizing segment sequence that best approximates the number of sequence tg#s that map

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

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

of chromosome doses for the chromosome of interest in the test sa

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

sample;

(c) using said sequence information to identify a gffmber of sequence tags for each of any
one or more chromosomes of interest, wherein the one or mgfe chromosomes of interest are selected
from chromosomes 1-22, X and Y and to identify a numbfr of sequence tags for the normalizing

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

(d) using said number of sequence tgfs identified for each of said any one or more
chromosomes of interest and said number of sgfluence tags identified for said normalizing segment
sequence to calculate a single chromosome glose for each of said any one or more chromosomes of

interest; and

(&) comparing each of $fid single chromosome doses for each of said any one or more

chromosomes of interest to a threghold value for each of said one or more chromosomes of interest,
and thereby determining the ppfsence or absence of one or more different complete fetal chromosomal

aneuploidies in said sampl

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

segment sequegfice for each of said chromosomes of interest.

e method of Claim 8 or 9, wherein said any one or more chromosomes of interest selected
omosomes 1-22, X, and Y comprise at least twenty chromosomes selected from
osomes 1-22, X, and Y, and wherein the presence or absence of at least twenty different

mplete fetal chromosomal aneuploidies is determined.

06-



11. The method of any one of Claims § 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

1-22, X, and Y is determined.

12. The method of any one of Claims 1-11, wherein said different complete chromogbmal
ancuploidies are selected from complete chromosomal trisomies, complete chromosopfal monosomies

and complete chromosomal polysomies.

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

aneuploidies are selected from trisomy 2, trisomy 8, trisomy 9, trisomy 21, ffisomy 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)-(gh are repeated for test samples
from different maternal subjects, and wherein the method compryfes determining the presence or
absence of any four or more different complete fetal chromosgfnal aneuploidies in each of said

samples.

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

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

where {i; and &; are the estimated n 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 deterrning the presence or absence of different partial fetal chromosomal

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

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

(a) igfntifying a normalizing segment sequence for each of said one or more segments of

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

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

1) 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 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 #f interest
in the qualified sample and the distribution of chromosome doses for the one or

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

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

sample;

{c) using said sequence information to identify a number of gquence tags for each of any
one or more segments of any one or more chromosomes of interest, wjfrein the one or more segments
are selected from chromosomes 1-22, X, and Y and to identify a nyfiber of sequence tags for a
normalizing segment sequence for each of said any one or more gEgments of any one or more

chromosomes of interest;

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

segments of any one or more chromosomes of interesi#ind said number of sequence tags identified for
said normalizing segment sequence to calculate a sifigle chromosome dose for each of said any one or

more segments of any one or more chromosomegfof interest; and

(e) comparing each of said singfe segment doses for each of said any one or more
segments of any one or more chromosomy€s of interest to a threshold value for each of said any one or
more chromosomal segments of any gfle or more chromosome of interest, and thereby determining the

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

17. The method of Clajh 16, wherein step (c) comprises calculating a single segment dose for
each of said any one or glore segments of any one or more chromosomes of interest as the ratio of the
number of sequence gfgs identified for each of said any one or more segments of any one or more

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

t of qualified samples as:
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where fi; and &; are the estimated mean and standard deviation, respectively, for the j-th se

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

19. The method of any one of Claims 8-18, wherein said normalizing segment segflience 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 segjfient 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 differegl partial fetal chromosomal
aneuploidies are selected from partial duplications, partial multiplightions, partial insertions and

partial deletions.

22. The method of any one of Claims 16-21, wherein sgfd partial fetal aneuploidies are selected
from partial monosomy of chromosome 1, partial monogfmy of chromosome 4, partial monosomy of
chromosome 3, partial monosomy of chromosome 7 artial monosomy of chromosome 11, partial
monosomy of chromosome 15, partial monosomy g chromosome 17, partial monosomy of

chromosome 18, and partial monosomy of chrogiosome 22.

23. The method of any one of Claims Y6-22, wherein steps (a)-(d) are repeated for test samples

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

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

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

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

for said fetal and maternalflucleic acid molecules of said test sample.

any one of the preceding Claims, wherein said test sample is a maternal

blood, plasma, serum, urine and saliva samples.

segflencing (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 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 comgffises an

amplification.

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

sequencing.




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;

(©) 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 (¢) comprises:

(1) 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;

(i1) 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

(ii1) 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:
x. . — 7 .
NCV;; = ”fﬂj
9
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 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;

(©) 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 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 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.
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