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 Copy number alteration of a segment of DNA sequence >1kb

Copy Number Variation (CNV)

>1kb >1kb

Deletion Duplication
Translocation

Inversion
InsertionInsertion

Detected by sequencing

 Vast majority of CNV regions are inherited (Locke 2006) Vast majority of CNV regions are inherited (Locke, 2006)
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 Increasing evidence to link CNVs with complex diseases

The link of CNVs with complex diseases

Schizophrenia

Autism

Crohn’s disease Age related macular degeneration



Platforms for CNV detection
 Array CGH Array CGH

 NimbleGen (2.1M probes), Agilent (250K?)

 SNP array SNP array
 Illumina 1M, Affy 6.0 (1.8M probes)

 Sequencing Sequencing



SNP array
 Originally built to detect Single Nucleotide Polymorphism.Originally built to detect Single Nucleotide Polymorphism.
 Main output: total signal intensity at each probe.
 Total intensity (R) = signal intensity A + signal intensity By ( ) g y g y
 Log R ratio = log2 (observed R/ Expected R)
 Measures copy-number changes relative to the reference genome.

 BAF = normalized measure of relative signal intensity (B/A)



Log R Ratio





Detection of CNV regions
 PennCNV QuantiSNPs PennCNV, QuantiSNPs
 Use Log R ratio and B allele frequency (BAF)
 Based on hidden Markov model (HMM) Based on hidden Markov model (HMM)
 Hidden state = copy number (0,1,2,3,4)

 DNACopy (CBS algorithm) DNACopy (CBS algorithm)
 Find change points in intensity data (Log R ratio)
 Segments genome into multiple regions defined by the change  Segments genome into multiple regions defined by the change 

points. 
 No copy number calls.py



Sample-by-sample approach
 Using HMM or CBS algorithm  CNV regions are detected  Using HMM or CBS algorithm, CNV regions are detected 

for each individual separately.

 Sample by sample detection is reasonable for rare CNV  Sample-by-sample detection is reasonable for rare CNV 
where individual-specific regions are expected.

 However  common CNV regions occur at relatively the same  However, common CNV regions occur at relatively the same 
genomic regions across individuals (e.g, McCaroll et al., 
2008).2008).



Individual CNV regions
 F  h i   h For each region we have:
 Start, end, confidence score

C fid       Confidence score = a score 
to reflect confidence that 
the detected region truly the detected region truly 
exists.

 Ho  to determine common  How to determine common 
boundaries for common 
CNV regions?CNV regions?



Within and between individuals 
reliability
 Reliability of (within) an individual regions is reflected by the  Reliability of (within) an individual regions is reflected by the 

confidence scores.

 Between individual reliability of the region is reflected by  Between-individual reliability of the region is reflected by 
how many other individuals have CNV in the region.



Cumulative Overlap of Very Reliable 
Regions (COVER)
 Key idea: Common CNV regions occur at almost the same  Key idea: Common CNV regions occur at almost the same 

genomic regions.

 Choose regions where multiple individuals have CNV Choose regions where multiple individuals have CNV.

 But need to do something about the unreliable calls with low 
confidence scoresconfidence scores.



COVER



Composite Scores (COMPOSITE)
 Using COVER  only ‘very reliable’ regions are selected  What  Using COVER, only very reliable  regions are selected. What 

about regions with ‘average’ reliability but yet occur in many 
individuals?v ua s?

 COVER put more emphasis on Within-individual reliability.

 Composite Scores = Sum of confidence scores at each probe   Composite Scores = Sum of confidence scores at each probe, 
give more emphasis on between-individual reliability.



COMPOSITE



Clustering of Individual Regions
 Two clusters of region form one common region Two clusters of region form one common region.



Hierarchical Clustering of Individual 
Regions
 Jaccard Coefficient Jaccard Coefficient
 Similarity (A,B) = number of bases shared/length of union of A 

and B (bases).( ).
 Linkage: single, average, complete.



CLUSTER examples



Average linkage

9 groups13 groups



C  ff @ C l  li k Si l  li k A  li kCut off @ Complete linkage Single linkage Average linkage

No. of clusters

0.3 28 24 270.3 28 24 27

0.4 23 16 21

0.5 21 11 17

0.6 17 6 13

0.7 14 4 12

0.8 12 2 9

0.9 10 2 6

0 95 9 2 50.95 9 2 5

0.99 9 1 2



Comparison of Methods
 COVER COVER

 COMPOSITE

 B th  b  fi d i  CLUSTER Both can be refined using CLUSTER.

 What are we comparing?
 Proportion of identified CNV regions violate HWE
 Discordant rates between the identified CNV regions and 

sequencing results (when available)



HWE of common CNV regions
 The number of copies in offspring = number of copies in  The number of copies in offspring = number of copies in 

father + number of copies in mother.

 For diallelic CNV with deletion only (CN=0 1 2) For diallelic CNV with deletion only (CN=0,1,2),
 Population frequency of 0 copy  allele = p
 Population frequency of 1 copy = 1-p = q  Population frequency of 1 copy = 1-p = q 

 Under random mating, the frequency of subjects with:
 ‘0’ copy = p2 0  copy = p
 ‘1’ copy = 2pq
 ‘2’ copies = q2 2  copies = q



 For diallelic CNV with duplication only (CN=2 3 4) For diallelic CNV with duplication only (CN=2,3,4),
 Population frequency of 1 copy  allele = p
 Population frequency of 2 copy = 1-p = q Population frequency of 2 copy  1 p  q

 Under random mating, the frequency of subjects with:
 ‘2’ copies = p2 2  copies = p
 ‘3’ copies = 2pq
 ‘4’ copies = q2 4  copies  q

 For multiallelic CNV, HWE test cannot be applied to the 
unphased copy number callsunphased copy number calls.



Discordant rates
 What is the proportion of CNV regions identified in a sample  What is the proportion of CNV regions identified in a sample 

that ‘overlap’ with sequencing result of the same sample?

 ‘overlap’ = the two regions overlap above certain threshold overlap  = the two regions overlap above certain threshold.
 E.g, Jaccard coefficient >= 0.5



Application
 112 HapMap samples (CEU  CHBJPT  YRI) on Illumina 1M  112 HapMap samples (CEU, CHBJPT, YRI) on Illumina 1M 

platform;

 83 of them are unrelated individuals; 83 of them are unrelated individuals;

 8 of them were sequenced by Kidd et al (2008)

S i i  f i   Statistics of interest: 
 average discordant rates in the eight sample,

P  f di ll li CNV d   f ll  HWE (  l d  Prop of diallelic CNV do not follow HWE (among unrelated 
individuals)

 Average minor allele frequency of diallelic CNVs Average minor allele frequency of diallelic CNVs
 Average size of CNV regions



COVER resultsCOVER results

a) Discordant Ratesa) Discordant Rates
b) HWE violation
c) MAFc) MAF
d) Avg Size



 Discordant rates can be lowered by choosing individual  Discordant rates can be lowered by choosing individual 
regions with higher confidence scores.

 > 90% of identified regions follow HWE > 90% of identified regions follow HWE.



COMPOSITE Results
a) Discordant Rates
b) HWE violation
c) MAFc) MAF
d) Avg Size



 COVER performs better than COMPOSITE; in particular it  COVER performs better than COMPOSITE; in particular it 
provides more control on discordant rates and HWE.

 Within individual reliability is more useful when identifying  Within-individual reliability is more useful when identifying 
common CNV regions.

 Discordant rates is high Discordant rates is high.
 Discordant rates between McCaroll et al (2008) results (Affy

6.0) and sequencing is also around 50-70%.6.0) and sequencing is also around 50 70%.



CLUSTER refinement of COVER
 Cluster Cluster

cut-off = 0.6

a) Avg num clusters
b) HWE violationb) HWE violation
c) PCA without CLUSTER
d) PCA after CLUSTER)



Software
 cnvpack R package  cnvpack R package 
 available at http://www.meb.ki.se/~yudpaw



Conclusion
 COVER performs better than COMPOSITE; in particular it  COVER performs better than COMPOSITE; in particular it 

provides more control on discordant rates and HWE.

 CLUSTER provides potential refinement to COVER CLUSTER provides potential refinement to COVER.

 Our approach only requires: start, end and confidence scores 
of individual CNV regionsof individual CNV regions.
 These are output of CNV detection software.
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