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METHODS AND SYSTEMS FOR COPY NUMBER VARIANT 

DETECTION 

CROSS REFERENCE TO RELATED PATENT APPLICATION 

[0001] This application claims priority to U.S. Non-Provisional Application No. 

14/714,949 filed May 18, 2015, here incorporated by reference in its entirety. 

 

BACKGROUND 

 Genomic sequencing is an effective tool to discover the genetic basis of [0001]   

Mendelian disorders. Analysis of genomic sequences has revealed the existence of 

copy number variants (CNVs) (e.g., the number of copies of a particular gene in the 

genotype of an individual). CNVs may have important roles in human disease and/or 

drug response. However, calling CNVs from genomic sequence data (e.g., exome 

sequence data) is challenging. Current solutions detect CNVs from human 

sequencing read depth, but are not been well-suited for large population studies on 

the order of tens or hundreds of thousands of exomes. Their limitations, among 

others, include being difficult to integrate into automated variant calling pipelines 

and being ill-suited for detecting common variants. These and other shortcomings 

are addressed in the present disclosure. 

SUMMARY 

 It is to be understood that both the following general description and the [0002]   

following detailed description are exemplary and explanatory only and are not 

restrictive. Methods and systems for determining copy number variants are 

disclosed. An example method can comprise receiving, by a computing device, a 

sample coverage data set comprising a plurality of genomic sequences obtained from 

sequencing of nucleic acid samples of a subject, and sample sequencing quality 

control (SSQC) metrics; grouping, by the computing device, sets of sequencing 

quality control (SQC) metrics into a multidimensional tree data structure according 

to similarity, wherein each set of SQC metrics is associated with a respective 

reference coverage data set that comprises a plurality of genomic regions and read 

depths; selecting a reference panel of the reference coverage data sets using the 

multidimensional tree data 
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structure, wherein the selected reference coverage data sets have SQC metrics 

similar to the SSQC metrics; normalizing, by the computing device, the sample 

coverage data and the reference panel, and fitting, by the computing device, the 

normalized reference panel to a mixture model at each of the plurality of genomic 

regions to generate an expected coverage distribution at each of the plurality of 

genomic regions  identifying one or more copy number variants (CNVs) by using 

the computing device to compare, according to a Hidden Markov Model (HMM),the 

normalized sample coverage data set to the expected coverage distribution at each of 

the plurality of genomic regions from the mixture models; and outputting, by the 

computing device, the one or more CNVs. 

 In an aspect, another example method can comprise providing, by computing [0003]   

device, sample coverage data comprising a plurality of genomic sequences obtained 

from sequencing of nucleic acid samples of a subject and sample sequencing quality 

control (SSQC) metrics; and receiving an indication of reference coverage data, 

wherein the reference coverage data is selected by: grouping, by the computing 

device, sets of sequencing quality control (SQC) metrics into a multidimensional 

tree data structure according to similarity, wherein each set of SQC metrics is 

associated with a respective reference coverage data set that comprises a plurality of 

genomic regions and read depths; selecting a reference panel of the reference 

coverage data sets using the multidimensional tree data structure, wherein the 

selected reference coverage data sets have SQC metrics similar to the SSQC metrics.  
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The method further comprises selecting one or more filters to apply to the sample 

coverage data and the reference panel to normalize the sample coverage data and the 

reference panel; requesting fitting of the normalized reference panel to a mixture 

model at each of the plurality of genomic regions to generate an expected coverage 

distribution at each of the plurality of genomic region. The method can comprise 

requesting identifying one or more copy number variants (CNVs) by using the 

computing device to compare, according to a Hidden Markov Model (HMM) the 

normalized sample coverage data set to the expected coverage distribution at each of 

the plurality of genomic region from the mixture models. The method can further 

comprise receiving an indication of the one or more CNVs. 

 There is provided another example method can comprise receiving sample [0004]   

coverage data comprising a plurality of genomic regions, retrieving one or more 

metrics for the sample coverage data, applying a sample grouping technique to the 

sample coverage data and reference coverage data to select a subset of the reference 

coverage data, normalizing the sample coverage data comprising the plurality of 

genomic regions, and fitting a mixture model to the normalized sample coverage 

data based on the subset of the reference coverage data. The method can comprise 

identifying one or more copy number variants according to a Hidden Markov Model 

(HMM) based on the normalized sample coverage data and the fitted mixture model. 

The method can comprise outputting the one or more copy number variants. 

 Additional advantages will be set forth in part in the description which [0005]   

follows or may be learned by practice.  The advantages will be realized and attained 

by means of the elements and combinations particularly pointed out in the appended 

claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

 The accompanying drawings, which are incorporated in and constitute a part [0006]   

of this specification, illustrate embodiments and together with the description, serve 

to explain the principles of the methods and systems: 

Figure 1 is flowchart illustrating an example CNV-calling pipeline;
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Figure 2 is a flowchart illustrating an example method for determining copy number 

variants; 

Figure 3 shows a graph illustrating the relationship of GC content and coverage; 

Figure 4 is a graph illustrating normalized coverage of various exons; 

Figure 5 is a flow chart illustrating another example method for estimating copy 

number variants; 

Figure 6 is a flow chart illustrating yet another example method for estimating copy  
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CLAIMS 

What is claimed is: 

1. A method comprising: 

receiving, by a computing device, a sample coverage data set comprising a plurality 

of genomic sequences obtained from sequencing of nucleic acid samples of a 

subject, and sample sequencing quality control (SSQC) metrics; 

grouping, by the computing device, sets of sequencing quality control (SQC) metrics 

into a multidimensional tree data structure according to similarity, wherein 

each set of SQC metrics is associated with a respective reference coverage 

data set that comprises a plurality of genomic regions and read depths; 

selecting a reference panel of the reference coverage data sets using the 

multidimensional tree data structure, wherein the selected reference coverage 

data sets have SQC metrics similar to the SSQC metrics; 

normalizing, by the computing device, the sample coverage data and the reference 

panel; 

fitting, by the computing device, the normalized reference panel to a mixture model 

at each of the plurality of genomic regions to generate an expected coverage 

distribution at each of the plurality of genomic regions;  

identifying one or more copy number variants (CNVs) by using the computing 

device to compare, according to a Hidden Markov Model (HMM),the 

normalized sample coverage data set to the expected coverage distribution at 

each of the plurality of genomic regions from the mixture models; and 

outputting, by the computing device, the one or more CNVs. 

 

2. The method of claim 1, wherein selecting the reference panel of reference coverage data 

sets using the multidimensional tree data structure comprises: 

defining a distance metric between the SSQC metrics ; and
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selecting the reference panel of the reference coverage data sets based on the 

distance metric. 

 

3. The method of claim 1, wherein grouping the plurality of reference coverage data sets 

comprises use of a clustering algorithm, a classification algorithm, or a combination thereof.  

 

4. The method of claim 1, wherein grouping the sets of SQC metrics comprises use of a k-

Nearest Neighbors (knn) algorithm and wherein the method further comprises: 

scaling the sets of SQC metrics; 

scaling the sets of SSQC metrics; 

wherein grouping the sets of SQC metrics into the multidimensional tree data 

structure according to similarity comprises, generating a k-d tree based on 

the scaled set of SQC metrics; 

adding the scaled SSQC metrics to the k-d tree; and 

wherein selecting the reference panel of reference coverage data sets using the 

multidimensional tree data structure comprises, identifying a predetermined 

number of nearest neighbor scaled SQC metrics to the scaled SSQC metrics. 



 

   40 

 

5. The method of claim 1, further comprising dividing a plurality of genomic regions of the 

sample coverage data set into one or more calling windows. 

 

6. The method of claim 5, wherein normalizing the sample coverage data set comprises: 

determining raw coverage for a calling window w; 

determining a median coverage for the sample coverage data set across the one or 

more calling windows conditional on a GC-fraction of the calling window w; 

and 

dividing the raw coverage by the median coverage, resulting in the normalized 

sample coverage data set. 

 

7. The method of claim 6, wherein determining a median coverage for the sample coverage 

data set across the plurality of windows conditional on a GC-fraction of the calling window 

w comprises: 

binning the one or more calling windows by GC-fraction, resulting in a plurality of 

bins; 

determining a median coverage for each bin of the plurality of bins; and 

determining a normalizing factor for each distinct possible GC-fraction using a 

linear interpolation between the median coverage for two bins nearest to the 

calling window w. 

 

8. The method of claim 5, further comprising filtering the sample coverage data set. 

 

9. The method of claim 8, wherein filtering the sample coverage data set comprises: 

filtering one or more calling windows based on a mappability score of a genomic 

region of a plurality of genomic regions; and 

filtering the one or more calling windows based on occurrence of a calling window 

in a multi-copy duplication genomic region. 

10. The method of claim 9, wherein filtering the one or more calling windows based on the 

mappability score comprises: 

determining a mappability score for each genomic region of the plurality of genomic 

regions; and 

  



 

41 

 

excluding a calling window of the one or more calling windows that contains the 

genomic region of the plurality of genomic regions if the mappability score 

of the genomic region of the plurality of genomic regions is below a 

predetermined threshold. 

11. The method of claim 9, wherein filtering the one or more calling windows based on 

occurrence of a calling window in a multi-copy duplication genomic region comprises: 

excluding a calling window of the one or more calling windows if the calling 

window of the one or more calling windows occurs within a region where 

multi-copy duplications are known to be present. 

12. The method of claim 1, wherein fitting the reference panel to the mixture model 

comprises: 

determining a plurality of mixture models, one for each of the plurality of genomic 

regions, wherein each component of the plurality of mixture models 

comprises a probability distribution that represents an expected normalized 

coverage conditional on a particular copy number; and 

fitting the normalized reference panel to the plurality of mixture models using an 

expectation-maximization algorithm to determine a likelihood for each copy 

number at each of the one or more calling windows, wherein the normalized 

reference panel is input to the expectation-maximization algorithm. 

13. The method of claim 12, wherein identifying one or more copy number variants (CNVs) 

by using the computing device to compare, according to a Hidden Markov Model (HMM) 

the normalized sample coverage data set to the expected coverage distribution at each of the 

plurality of genomic regions from the mixture models comprises: 

inputting the normalized sample coverage data set for each calling window of the 

one or more calling windows into the HMM; 

determining one or more emission probabilities of the HMM based on the mixture 

model; and 
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identifying a calling window of the one or more calling windows as a CNV if a 

maximum likelihood sequence of states of the calling window is non-diploid. 

 

14. The method of claim 13, wherein determining one or more emission probabilities of the 

HMM based on the mixture model comprises: 

determining a probability of observing a normalized coverage value x, at a calling 

window w of the one or more calling windows, given HMM state s, based on 

a component of the mixture model for w that corresponds to state s. 

 

15. The method of claim 13, wherein identifying the calling window of the one or more 

calling windows as a CNV if a maximum likelihood sequence of states of the calling 

window is non-diploid comprises: 

performing a Viterbi algorithm in a 5’ to 3’ direction on a genomic region of the 

plurality of genomic regions; 

performing the Viterbi algorithm in a 3’ to 5’ direction the genomic region of the 

plurality of genomic regions; and 

identifying the calling window of the one or more calling windows as a CNV if the 

genomic region of the plurality of genomic regions associated with the 

calling window has a most-likely state of non-diploid in the 5’ to 3’ direction 

and the 3’ to 5’ direction. 

 

16. A method comprising: 

providing, by computing device, sample coverage data comprising a plurality of 

genomic sequences obtained from sequencing of nucleic acid samples of a 

subject and sample sequencing quality control (SSQC) metrics; 

receiving an indication of reference coverage data, wherein the reference coverage 

data is selected by: 

grouping, by the computing device, sets of sequencing quality control (SQC) 

metrics into a multidimensional tree data structure according to 

similarity, wherein each set of SQC metrics is associated with a 
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respective reference coverage data set that comprises a plurality of genomic 

regions and read depths; 

selecting a reference panel of the reference coverage data sets using the 

multidimensional tree data structure, wherein the selected reference 

coverage data sets have SQC metrics similar to the SSQC metrics; 

selecting one or more filters to apply to the sample coverage data and the reference 

panel to normalize the sample coverage data and the reference panel; 

requesting fitting of the normalized reference panel to a mixture model at each of the 

plurality of genomic regions to generate an expected coverage distribution at 

each of the plurality of genomic regions;  

requesting identifying one or more copy number variants (CNVs) by using the 

computing device to compare, according to a Hidden Markov Model (HMM) 

the normalized sample coverage data set to the expected coverage 

distribution at each of the plurality of genomic region from the mixture 

models; and 

receiving an indication of the one or more CNVs. 
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17. The method of claim 16, wherein fitting the normalized reference panel to the mixture model 

comprises: 

determining a plurality of mixture models, one for each of the plurality of genomic regions, 

wherein each component of the plurality of mixture models comprises a probability 

distribution that represents an expected normalized coverage conditional on a 

particular copy number; and 

fitting the normalized reference panel to the plurality of mixture models using an 

expectation-maximization algorithm to determine a likelihood for each copy 

number at each of one or more calling windows, wherein the normalized reference 

panel is input to the expectation-maximization algorithm. 

 

18. The method of claim 17, wherein identifying one or more copy number variants (CNVs) by 

using the computing device to compare, according to a Hidden Markov Model (HMM) the 

normalized sample coverage data set to the expected coverage distribution at each of the plurality of 

genomic regions from the mixture models comprises: 

inputting the normalized sample coverage data set for each calling window of the one or 

more calling windows into the HMM; 

determining one or more emission probabilities of the HMM based on the mixture model; 

and 

identifying a calling window of the one or more calling windows as a CNV if a maximum 

likelihood sequence of states of the calling window is non-diploid. 
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19. An apparatus for performing the method of claim 1. 

 

20. An apparatus for performing the method of claim 16.


