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Claims

1. A computer-implemented method to determine a fetal genetic abnormality which is a

chromosomal aneuploidy, which method comprises:

(a) obtaining sequence information of multiple polynucleotide fragments from a

sample, said sample being a peripheral blood sample derived from a pregnant

female and containing both maternal and fetal DNA;

(b) assigning said fragments to chromosomes based on said sequence information

by comparing said fragments to the reference unique reads of the same size for

each of said chromosomes, wherein reference unique reads are fragments of a

chromosome that have a unique sequence which can be unambiguously

assigned to a single chromosomal location based on a reference genomic

sequence;

(c) determining coverage depth and GC content of a chromosome based on the

sequence information for those fragments that assigned to reference unique

reads of said chromosome in step (b),

wherein coverage depth is the ratio between the number of fragments

assigned uniquely to said chromosome and the number of reference unique

reads for said chromosome of the same fragment size based on said reference

human genomic sequence;

(d) determining fitted coverage depth of said chromosome using said GC content of

said chromosome and established relationship between coverage depth and GC

content for said chromosome in the absence of aneuploidy, wherein said

established relationship has been determined by a method comprising the steps

of:

(i) obtaining sequence information of multiple polynucleotide fragments

covering said chromosome from a plurality of euploid peripheral blood

samples containing genomic DNA, wherein the fragment size is the same as

the fragment size of the multiple polynucleotide fragments of step (a) above;

(ii) assigning said fragments to chromosomes based on said sequence

information as in step (b) above;

(iii) determining coverage depth and GC content of said chromosome based

on said sequence information for each euploid sample as in step (c) above;

and
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(iv) using the coverage depth and GC content determined for each sample in

step (iii) to determine the relationship between the coverage depth and GC

content of said chromosome in the absence of aneuploidy; and

(e) comparing said fitted coverage depth to the coverage depth of said chromosome

determined in step (c), wherein a difference between them indicates fetal

chromosomal aneuploidy.

2. The method of claim 1, wherein step (a) further comprises obtaining sequence

information of multiple polynucleotide fragments from multiple different samples and the

coverage depth is normalised to take account of differences in total number of sequence

reads obtained for different samples, for example against the average coverage depth of

another chromosome, preferably against the average coverage depth of all other autosomes

or against the average coverage depth of all other chromosomes.

3. The method according to claim 1 or claim 2, wherein the GC content of the

chromosome is determined as the average GC content of all the fragments that assign to

said chromosome for the purpose of step (c).

4. The method according to claim 2 further comprising determining the fetal gender, for

example according to the formula

wherein and are relative coverage depth of the X and Y chromosomes of

sample i, respectively.

5. The method according to claim 2 further comprising estimating the fetal fraction,

wherein the fetal fraction is calculated relying on the coverage depth of chromosome X and /

or Y determined as in step (c) of claim 1 according to a formula selected from:

(i) ,

wherein cri,Y is the coverage depth of chromosome Y of sample i,

is the fitted coverage depth calculated from the relationship of the chromosome Y coverage

depth and corresponding GC content of samples from pregnant women with a female fetus,

and refers to the fitted coverage depth calculated from the relationship of

the chromosome Y coverage depth and corresponding GC content of male subjects; or
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(ii) ,

wherein cri,X is the coverage depth of chromosome X of sample i,

is the fitted coverage depth calculated from the relationship of the chromosome X coverage

depth and corresponding GC content of samples from pregnant women with a female fetus,

refers to the fitted coverage depth calculated from the relationship of the

chromosome X coverage depth and corresponding GC content of samples from male

subjects; or

(iii) ,

wherein is the fitted coverage depth calculated from the

relationship of the chromosome X coverage depth and corresponding GC content of

samples from pregnant women with a female fetus, refers to the fitted

coverage depth calculated from the relationship of the chromosome Y coverage depth and

corresponding GC content of samples from pregnant women with a female fetus,

refers to the fitted coverage depth calculated from the relationship of the

chromosome X coverage depth and corresponding GC content of samples from male

subjects, and refers to the fitted coverage depth calculated from the

relationship of the chromosome Y coverage depth and corresponding GC content of male

subjects.

6. The method according to claim 2, wherein the comparison of said fitted coverage

depth to the coverage depth of the chromosome determined in step (c) is conducted by a

statistical hypothesis test, wherein one hypothesis is that the fetus is euploid (H0) and the

other hypothesis is that the fetus exhibits aneuploidy for said chromosome (H1).

7. The method of claim 6, wherein the student t-statistic is calculated for both

hypotheses.

8. The method of claim 7, wherein the student t-statistic is calculated for H0 and H1

according to the formulae

and
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respectively, wherein is the fetal fraction,

i is the sample index,

j is the chromosome number,

wherein f(GCi,j) represents the function for the relationship between normalized coverage

depth and the corresponding GC content of sample i, chromosome j, εi,j represents the

residual of sample i, chromosome j,

and represents the fitted coverage depth, and

stdj is the standard variation according to the formula

wherein ns represents the number of reference samples.

9. The method of claim 8, wherein the log likelihood ratio of t1 and t2 is calculated

according to formula: , wherein Li,j is Log

likelihood ratio, wherein degree refers to a t distribution degree, D refers to Diploidy, T refers

to Trisomy, and represents conditional probability density given a

t distribution degree, if the ratio is larger than 1 the fetus being inferred to exhibit trisomy for

said chromosome.

10. The method according to any one of claims 1 to 9 for use in determining a fetal

autosome aneuploidy.

11. The method of claim 10, wherein the fetal aneuploidy is selected from the group

consisting of trisomy 13, 18 and 21.

12. The method according to claim 4 for use in determining a sex chromosome

aneuploidy, such as a sex chromosome aneuploidy selected from the group consisting of

XO, XXX, XXY and XYY.
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13. A computer readable medium comprising a plurality of instructions adapted to

perform the method of any one of claims 1 to 12 when said instructions are supplemented

with sequence information obtained as in step (a) of claim 1.

14. A system comprising means adapted for carrying out the method of any one of

claims 1 to 12.


