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1. A system comprising memory and one or more microprocessors, which one or more
microprocessors are configured to perform, according to instructions in the memory, a
process for calculating with reduced bias genomic section levels for a test sample, which
process comprises:

(a) obtaining counts of sequence reads mapped to portions of a reference genome,
which sequence reads are reads of circulating cell-free nucleic acid from a test sample;

(b) determining a guanine and cytosine (GC) bias coefficient for the test sample
based on a fitted relation between (i) the counts of the sequence reads mapped to each of
the portions and (ii) GC content for each of the portions; and

(c) calculating a genomic section level for each of the portions based on the counts
of (a), the GC bias coefficient of (b) and a fitted relation, for each of the portions, between
(i) the GC bias coefficient for each of multiple samples and (ii) the counts of the sequence
reads mapped to each of the portions for the multiple samples, thereby providing calculated
genomic section levels, whereby bias in the counts of the sequence reads mapped to each
of the portions of the reference genome is reduced in the calculated genomic section

levels.

2. The system of claim 1, wherein the GC bias coefficient is a slope for a linear fitted

relation or a curvature estimation for a non-linear fitted relation.

3. The system of claim 1or 2, wherein the fitted relation of (b) and the fitted relation of (c)

are linear.

4. The system of any one of claims 1 to 3, wherein each or the fitted relation of (b) and the

fitted relation of (c) independently are fitted by a linear regression.

5. The system of any one of claims 1 to 4, wherein the GC bias coefficient for each of the
multiple samples in (c)(i) is the slope of a fitted linear relation, for each of the multiple
samples, between (i) the counts of the sequence reads mapped to each of the portions and

(i) GC content for each of the portions.

1
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6. The system of any one of claims 1 to 5, wherein the calculated genomic section level L
is determined for the test sample for each portion of the reference genome according to

Equation B:

L=(M-@GS)/I Equation B

wherein M is the counts of the sequence reads mapped to the portion for the test sample,
G is the GC bias coefficient for the test sample, /is an intercept of the fitted linear relation

of (c) for the portion, Sis a slope of the fitted linear relationship of (c) for the portion.

7. The system of claim 1 or 2, wherein the fitted relation of (b) is non-linear.

8. The system of any one of claims 1 to 7, wherein each of the portions of the reference

genome comprises a nucleotide sequence of a predetermined length.

9. The system of any one of claims 1 to 8, which process comprises, prior to (a),
determining the sequence reads by sequencing circulating cell-free nucleic acid from the

test sample.

10. The system of any one of claims 1 to 9, which process comprises, prior to (a), mapping

the sequence reads to the portions of the reference genome.

11. The system of any one of claims 1 to 10, wherein the test sample is from a human
pregnant female and which process comprises determining the presence or absence of a
fetal chromosome aneuploidy for the test sample according to the calculated genomic

section levels.

12. The system of claim 11, wherein the fetal chromosome aneuploidy is a trisomy.

13. The system of claim 12, wherein the trisomy is chosen from a trisomy of chromosome

21, chromosome 18, chromosome 13 or combination thereof.
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14. The system of claim 12 or 13, wherein the presence or absence of the trisomy is
determined with a sensitivity of 96% or greater or a specificity of 96% or greater, or a

sensitivity of 96% or greater and a specificity of 96% or greater.

15. The system of any one of claims 1 to 14, which process comprises, prior to (b),
calculating a measure of error for the counts of sequence reads mapped to some or all of
the portions of the reference genome and removing or weighting the counts of sequence
reads for certain portions of the reference genome according to a threshold of the measure

of error.

16. The system of claim 15, wherein the threshold is selected according to a standard
deviation gap between a first genomic section level and a second genomic section level of

3.5 or greater.

17. The system of claim 15 or 16, wherein the measure of error is an R factor.

18. The system of claim 17, wherein the counts of sequence reads for a portion of the

reference genome having an R factor of about 7% or greater are removed prior to (b).

19. A method for calculating with reduced bias genomic section levels for a test sample,
comprising:

(a) obtaining counts of sequence reads mapped to portions of a reference genome,
which sequence reads are reads of circulating cell-free nucleic acid from a test sample;

(b) determining a guanine and cytosine (GC) bias coefficient for the test sample
based on a fitted relation between (i) the counts of the sequence reads mapped to each of
the portions and (ii) GC content for each of the portions; and

(c) calculating, using a microprocessor, a genomic section level for each of the
portions based on the counts of (a), the GC bias coefficient of (b) and a fitted relation, for
each of the portions, between (i) the GC bias coefficient for each of multiple samples and
(i) the counts of the sequence reads mapped to each of the portions for the multiple

samples, thereby providing calculated genomic section levels, whereby bias in the counts
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of the sequence reads mapped to each of the portions of the reference genome is reduced

in the calculated genomic section levels.

20. The method of claim 19, wherein the GC bias coefficient is a slope for a linear fitted

relation or a curvature estimation for a non-linear fitted relation.

21. The method of claim 19 or 20, wherein the fitted relation of (b) and the fitted relation of

(c) are linear.

22. The method of any one of claims 19 to 21, wherein each or the fitted relation of (b) and

the fitted relation of (c) independently are fitted by a linear regression.

23. The method of any one of claims 19 to 22, wherein the GC bias coefficient for each of
the multiple samples in (c)(i) is the slope of a fitted linear relation, for each of the multiple
samples, between (i) the counts of the sequence reads mapped to each of the portions and

(i) GC content for each of the portions.
24. The method of any one of claims 19 to 23, wherein the calculated genomic section
level L is determined for the test sample for each portion of the reference genome
according to Equation B:

L=(M-GS)/I Equation B
wherein M is the counts of the sequence reads mapped to the portion for the test sample,
G is the GC bias coefficient for the test sample, /is an intercept of the fitted linear relation
of (c) for the portion, Sis a slope of the fitted linear relationship of (c) for the portion.

25. The method of claim 19 or 20, wherein the fitted relation of (b) is non-linear.

26. The method of any one of claims 19 to 25, wherein each of the portions of the

reference genome comprises a nucleotide sequence of a predetermined length.
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27. The method of any one of claims 19 to 26, comprising, prior to (a), determining the

sequence reads by sequencing circulating cell-free nucleic acid from the test sample.

28. The method of any one of claims 19 to 27, comprising, prior to (a), mapping the

sequence reads to the portions of the reference genome.

29. The method of any one of claims 19 to 28, wherein the test sample is from a human
pregnant female and which method comprises determining the presence or absence of a
fetal chromosome aneuploidy for the test sample according to the calculated genomic

section levels.

30. The method of claim 29, wherein the fetal chromosome aneuploidy is a trisomy.

31. The method of claim 30, wherein the trisomy is chosen from a trisomy of chromosome

21, chromosome 18, chromosome 13 or combination thereof.

32. The method of claim 30 or 31, wherein the presence or absence of the trisomy is
determined with a sensitivity of 96% or greater or a specificity of 96% or greater, or a
sensitivity of 96% or greater and a specificity of 96% or greater.

33. The method of any one of claims 19 to 32, which comprises, prior to (b), calculating a
measure of error for the counts of sequence reads mapped to some or all of the portions of
the reference genome and removing or weighting the counts of sequence reads for certain

portions of the reference genome according to a threshold of the measure of error.
34. The method of claim 33, wherein the threshold is selected according to a standard
deviation gap between a first genomic section level and a second genomic section level of

3.5 or greater.

35. The method of claim 33 or 34, wherein the measure of error is an R factor.
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36. The method of claim 35, wherein the counts of sequence reads for a portion of the

reference genome having an R factor of about 7% or greater are removed prior to (b).

37. A system comprising a sequencing apparatus and one or more computing apparatus,

which sequencing apparatus is configured to produce signals corresponding to
nucleotide bases of a nucleic acid loaded in the sequencing apparatus, which nucleic acid
is circulating cell-free nucleic acid from a test sample from a pregnant human female
bearing a fetus, or which circulating cell-free nucleic acid nucleic acid loaded in the
sequencing apparatus is processed or modified; and

which one or more computing apparatus comprise memory and one or more
processors, which memory comprises instructions executable by the one or more
processors and which instructions executable by the one or more processors are
configured to:

(a) produce sequence reads from the signals and map the sequence reads to a
reference genome;

(b) obtain counts of sequence reads mapped to the portions of the reference
genome;

(c) determine a guanine and cytosine (GC) bias coefficient for the test sample based
on a fitted relation between (i) the counts of the sequence reads mapped to each of the
portions and (ii) GC content for each of the portions; and

(d) calculate a genomic section level for each of the portions based on the counts of
(b), the GC bias coefficient of (c) and a fitted relation, for each of the portions, between (i)
the GC bias coefficient for each of multiple samples and (ii) the counts of the sequence
reads mapped to each of the portions for the multiple samples, thereby providing calculated
genomic section levels, whereby bias in the counts of the sequence reads mapped to each
of the portions of the reference genome is reduced in the calculated genomic section

levels.

38. The system of claim 37, wherein the GC bias coefficient is a slope for a linear fitted

relation or a curvature estimation for a non-linear fitted relation.
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39. The system of claim 37 or 38, wherein the fitted relation of (c) and the fitted relation of

(d) are linear.

40. The system of any one of claims 37 to 39, wherein each or the fitted relation of (c) and

the fitted relation of (d) independently are fitted by a linear regression.

41. The system of any one of claims 37 to 40, wherein the GC bias coefficient for each of
the multiple samples in (d)(i) is the slope of a fitted linear relation, for each of the multiple
samples, between (i) the counts of the sequence reads mapped to each of the portions and

(i) GC content for each of the portions.
42. The system of any one of claims 37 to 41, wherein the calculated genomic section
level L is determined for the test sample for each portion of the reference genome
according to Equation B:

L=(M-GS)/I Equation B
wherein M is the counts of the sequence reads mapped to the portion for the test sample,
G is the GC bias coefficient for the test sample, /is an intercept of the fitted linear relation
of (d) for the portion, Sis a slope of the fitted linear relationship of (d) for the portion.

43. The system of claim 37 or 38, wherein the fitted relation of (c) is non-linear.

44. The system of any one of claims 37 to 43, wherein each of the portions of the

reference genome comprises a nucleotide sequence of a predetermined length.
45. The system of any one of claims 37 to 44, which memory comprises instructions
configured to determine the presence or absence of a fetal chromosome aneuploidy for the

test sample according to the calculated genomic section levels.

46. The system of claim 45, wherein the fetal chromosome aneuploidy is a trisomy.
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47. The system of claim 46, wherein the trisomy is chosen from a trisomy of chromosome

21, chromosome 18, chromosome 13 or combination thereof.

48. The system of claim 46 or 47, wherein the presence or absence of the trisomy is
determined with a sensitivity of 96% or greater or a specificity of 96% or greater, or a

sensitivity of 96% or greater and a specificity of 96% or greater.

49. The system of any one of claims 37 to 48, which memory comprises instructions
configured to, prior to (c), calculate a measure of error for the counts of sequence reads
mapped to some or all of the portions of the reference genome and remove or weight the
counts of sequence reads for certain portions of the reference genome according to a
threshold of the measure of error.

50. The system of claim 49, wherein the threshold is selected according to a standard
deviation gap between a first genomic section level and a second genomic section level of
3.5 or greater.

51. The system of claim 49 or 50, wherein the measure of error is an R factor.

52. The system of claim 51, wherein the counts of sequence reads for a portion of the

reference genome having an R factor of about 7% or greater are removed prior to (c).
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