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Motivation

• Detection of  copy number variations in duplicated 
sequences is problematic

• probe bias and limited power in copy number 
detection in microarray methods

• Next-generation sequencing is promising



Paired end mapping

Tuzun et al. (2005)



Depth of coverage

Yoon et al. (2009)



Results

• Develop a read-mapping algorithm (mrFAST) to 
rapidly assay copy number variation in complex and 
duplicated regions of  human genome

• Create personal duplication maps of  3 individual 
genomes

• Validate results experimentally

• Find and analyze copy-number polymorphic gene 
regions



Algorithm

• Micro-read fast alignment search tool (mrFAST)

• effectively map large amounts of  short sequence 
data to the human genome assembly

• calculate accurate read depth

• return all possible single-nucleotide differences



Algorithm

• Optimized for efficient memory and CPU usage

• Memory efficient hash to store read k-mers

• Rapid seed extension algorithm

• Optimized for Illumina/Solexa read properties 

• Uses SSE-2 instructions for CPU optimization



Algorithm optimization



Personal duplication 
maps

• 3 genomes: JWD, NA18507, YH

• Uses read depth for calculating copy number

• Calibration with known duplications

• good correlation with verified copy number

• accurately predicted duplication boundaries

• >90% of  segmented duplications (if  20x 
coverage)



Calculating 
duplications



Personal duplication 
maps

• Constructed duplication maps for each of  3 
genomes and predicted absolute copy number (CN) 
for each duplication interval of  >20kb length

• defined 725 duplication intervals (84,7Mb)

• 97% of  large segmental duplications are shared



Experimental 
validation

• Array-based comparative genomic hybridization 
(arrayCGH)

• individual-specific duplications are near shared 
duplications

• shared duplication show greatest CN variation

• Fluorescence in-situ hybridization (FISH)

• CN difference between YH and NA18507

• FISH results highly consistent with mrFAST



CN polymorphic genes

• 68 gene families validated as being CN variable

• complement factor H, defensin, CCL3L1 genes

• higher CN in evolving genes

• found 300 distinct paralogous sequences

• calculated CN for 17610 RefSeq transcripts

• 97% of  CN variable genes mapped in segmental 
duplications



Discussion

• Designed mrFAST for accurate mapping of  short 
sequences

• Provide one of  first comprehensive estimates of  
absolute CN differences in 3 individual genomes

• Genes with most variable copy number:

• embedded in segmental duplications (mostly 
tandem changes in copy)

• correspond to rapidly evolving gene families



THANK YOU!


