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Next generation sequencing (NGS) is now widely used for genetic testing in clinical 
settings. Genes with high homology to other regions of the genome present major 
challenges for current short-read targeted sequencing methods. We have 
developed a new method for addressing this problem, which relies on the 
programmable, high-specificity DNA cleavage of the Cas9 enzyme. The process 
involves four steps: a) isolation of extremely high molecular weight (HMW) DNA, b) 
digestion of the HMW DNA with customized Cas9 enzymes that cleave unique sites 
at the boundaries of the DNA sequencing target, c) size selection electrophoresis 
to isolate the sequencing target, and d) sequencing of the target using an NGS 
instrument. To enable this method in clinical settings, we have developed an 
instrument that can accept isolated white blood cells as the input sample and 
perform DNA extraction, Cas9 digestion, and preparative target purification in an 
integrated, semi-automated fashion. We report NGS sequencing results on a 
medically important gene, PKD1,  that has six closely related pseudogenes with 
sequence homology to about ¾ of the functional gene copy. 

Abstract

Medically relevant genes in regions of high homology

~375,000 NA12878 human lymphoblastoid cells were loaded into the sample well 
of an HLS cassette. A lysis buffer containing SDS was loaded into the upstream 
reagent well. Electrophoretic extraction was carried out for 3 hours, so that the 
SDS was driven through the sample well. After extraction, the HMW DNA, which 
remained trapped in the sample wall wall, was digested with Cas9-gRNA 
complexes specific for the PKD1 gene. After digestion, the excised PKD1 gene was 
recovered using an automated HLS size-selection + electroelution program. 

SageHLS Cassette and Instrument

About ¾ of the active PKD1 gene sequence is shared with six pseudogenes, all  
located on chr16. To excise the active gene , we select gRNA sequences  from 
unique sequence regions that flank the regions  that are duplicated in the  various 
PKD-pseudogenes.  Using this  strategy, a ~60kb CATCH target can be isolated and 
sequenced without complications from the six other repeated regions.  

Cas9 guide RNA design for PKD1, a gene with  six pseudogenes Sequencing

1. Identify target-enriched fractions by qPCR

2. Shear to 300bp with Covaris

3. Ethanol precipitate

4. Library construction with Kapa HyperPrep Library kit

5. QC with Bioanalyzer, Kapa Illumina Library Quant kit

6. Miseq, 2x150 bp PE sequencing

7. Data analysis (BWA MEM, Samtools, Bedtools, IGV)
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Targeted sequencing of highly homologous genes using Cas9 digestion

Genes for which design of hybridization baits (NGS dead zone) or PCR 
amplicons (Sanger dead zone) are complicated by segmental duplication or 
pseudogenes. 
(From Mandelker ,et al.,  2016, Genetics In Medicine  18(2): 1282-1289. )

CATCH concept for isolation of genomic DNA targets

chr16p

From Symmons et al., 2008 
Mol.Biol.Evol.25(12:2601-
2613.

Integrated DNA extraction, digestion, and size-selection using 

HLS-CATCH

Enrichment of the PKD1 CATCH product as measured by qPCR

26% recovery of 
input PKD1 copies

Total DNA in 
EM3 = ~2ng 

Sequencing Results

Bedgraph coverage over entire chr16

Bedgraph coverage near PKD1

670x

Majority of PKD1 
sequence covered 
at >200x

Almost all >100x

IGV view of  coverage and variants

~100x

• Demonstrated 50-plex 
capture, no upper limit 
reached.

• High enrichment , >100x
• Enrich targets from single 

Kb’s to 1 Mb in size.

(Jiang et al., Nature Communications, 2015, 6:8101)


