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Introduction    

 
Hereditary spastic paraplegias (SPG) are a group of 

neurodegenerative disorders characterized by a considerable 

range of phenotypic and genetic presentation (Stevanin et al, 

2008). To date, mutations in over 40 genes are involved in SPG 

(Finsterer et al, 2012), with no hot spot identified, and a clinical 

overlap between all genetic entities, making impossible to predict 

the mutated SPG gene in an individual patient on the basis of 

clinical criteria. Therefore, genetic diagnosis by conventional 

molecular testing is both time and money consuming.  

 

Exome- and genome-sequencing are now widely used but 

generate huge amounts of data and their interpretation remains 

challenging. We evaluated whether the use of Roche NimbleGen 

SeqCap EZ targeted capture in combination with next-

generation sequencing (Roche GS Junior) can be a valuable 

alternative. In this study, we focused on 34 genes (532 regions), 

and we tested different technical approaches: single or double 

capture, with or without sample multiplexing. 
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Samples and Methods    

 
Library design: NimbleGen Sequence Capture EZ custom 

Library was designed to the hg19 human genome reference 

targeting the 532 coding exons and 5bp flanking sequences of 34 

genes of interest: ALS2, AP4B1, AP4E1, AP4M1, AP4S1, ATL1, 

BSCL2, CYP2U1, CYP7B1, DDHD1, ERLIN2, FA2H, GBA2, GJC2, 

HSPD1, KIAA0196, KIAA0415, KIF1A, KIF5A, NIPA1, PLP1, PNPLA6, 

REEP1, RTN2, SACS, SETX, SLC16A2, SLC33A1, SPAST, 

KIAA1840/SPG11, SPG20, MAST/SPG21, SPG7, ZFYVE26. Predicted 

coverage of the 109,870 targeted bases was 99.9%. 

Samples: We captured targeted sequences of 24 different SPG 

samples: 8 positive controls, with 31 known variations along 10 

different genes and 16 samples of unknown genotype. A total of 9 

sequencing runs were performed and samples were alternatively 

captured using single or double capture protocols, according to 

the manufacturer’s guidelines. Samples were also processed in 

simplex, duplex, triplex or quadruplex (figure 1).   

Library preparation: 500 ng of gDNA were nebulized, adapters 

containing sequences for amplification and sample identification 

(MID, used only in case of multiplexing) were bound in a ligation 

step. In the case of multiplexed samples, libraries were quantified 

by fluorimetry, normalized and pooled.  

Capture and sequencing: When using the single capture 

protocol, hybridization of 1µg sample library was made to 1 aliquot 

of SeqCap EZ library and a post-capture amplification was 

performed; for double capture protocol, this step was performed 

twice with ½ aliquot of SeqCap EZ library (figure 1). After qPCR 

assessment of enrichment and emulsion PCR, samples were 

sequenced on GS Junior. 

Data analysis: Data were analyzed using Genomic Workbench 

(CLC Bio). Following adapters trimming, reads were mapped to 

the hg19 Human reference genome, and variants were called using 

the “probabilistic based variant detection” algorithm. Public 

databases (dbSNP, EVS, 1000 genomes) were used to annotate the 

variants, as well as a local database, which enabled us to identify 

variants arising from homopolymeric regions.  

 

Figure 1 : Capture workflows. The standard capture and double capture workflows for SeqCap EZ Library as well as for the multiplexing scheme used in this study. 
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Results  

 
We compared results of single and double capture experiments 

(figure 2). For an equivalent number of reads (A), the mean 

coverage (B), the percentage of “on-target” reads (C) and the 

percent of bases with coverage above 10X (D) were dramatically 

improved by double capture. Considering these data, we switched 

from single to double capture, which also decreased by 24 hours 

the duration of the experiment.   

 

Figure 2: Metrics for a single sample that underwent single or double capture. 

A. Number of reads per sample; B. Mean coverage per sample; C. Percent on-

target per sample; D. Percent targeted base covered at 10 and 20 X. 

We then looked into the effect of multiplexing on sequencing 

metrics: we compared simplex, duplex, triplex and quadruplex 

runs (figure 3).   

The average number of reads (A) and coverage (B) per sample 

increased between simplex and duplex runs, probably due to 

improvement in our technical expertise with the protocol. It then 

decreased with the number of multiplexed samples, which is in 

accordance with the constant sequencing capacity of the GS 

Junior. These two metrics showed a rather high variability between 

samples within a run, while libraries were quantified and 

normalized before pooling. This is probably due to the 

quantification strategy, which consists in the quantification of the 

fluorescent adapters bound to DNA. This approach does not 

evaluate the “amplifiable” amount of DNA, whereas qPCR, for 

example, does.  

 

Figure 3: Metrics for the double capture with samples capture in simplex, duplex, 

triplex or quadruplex. A. Number of reads per sample; B. Mean coverage per 

sample; C. Percent on-target per sample; D. Percent target base covered at 10 X 

and 20 X. 

When samples were multiplexed the on-target remained constant 

regardless of the number of samples multiplexed (C).  Finally, the 

percent bases targeted with coverage at 10X and 20X (D) reflects 

the per sample rate of bases for which wild type or mutated status 

will be accurately determined. When three samples were 

multiplexed, 95% and 90% of targeted bases were respectively 

covered at least at 10X and 20X. This value decreased in 

quadruplexed runs, with a high variability among samples. This 

was not observed for lower degrees of multiplexing.  

In the conditions tested here, our data pointed out that a three-

samples multiplexing is the most cost-effective strategy. 

Variants were called for samples of known genotype and we were 

able to detect 100% of them. We tested 11 mutations including 8 

SNV, 2 deletions of 14bp and 29bp and 1 single nucleotide 

insertion. Nine additional exonic polymorphisms were also picked 

up, as well as 11 intronic variants from -54 to +65bp on both side 

of exons. Zygosity status was accurately determined for all samples. 

We looked into the coverage values for these known variations: the 

lowest was 11X at the homozygous state, and 12X with 5 hits of 

mutant base among heterozygous variants. This indicated that 

thresholds of 10X and 20X are high enough for coverage quality 

assessment. 



 

 

Regarding variant calling for samples of unknown genotype, we 

obtained a mean of 100 variations per sample within the targeted 

regions (coding exons +/-5bp). Approximately 50 of them were 

unknown or rare in the public databases (frequency < 1%), but 

only a mean of 10 were rare or absent also in our local database. 

Finally, leading to amino acid change or splice effects, a range of 0 

to 5 variants per sample were highlighted. Phenotypic aspects as 

well as inheritance of the disease trait helped us to identify the best 

causative candidate.  

Conclusion                                                                     

In this study, we report that Nimblegen SeqCap EZ targeted 

capture combined with GS Junior sequencing enables to 

accurately detect mutations in SPG genes in a cost-effective 

manner. Double capture is an efficient way to strongly improve 

the coverage metrics, and also sample multiplexing is still 

possible. These excellent metrics were obtained from the first 

design. 

 

Recently, the number of causative genes in SPG has dramatically 

increased due to of the improvement of sequencing techniques in 

human genetics. Clinical practice now requires diagnosis kits in 

order to answer to the explosion of genetic diagnostics requests. A 

new design, based on the current test, is under evaluation and 

includes coding exons of 40 additional SPG genes or genes related 

to overlapping diseases for a total of 74 genes. Improving capture 

of regions with coverage below 10X should allow its use in the 

near future in hospital-based diagnosis.  
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Product information  

Product Catalog Number 

SeqCap Adapter Kit A 07141530001 

SeqCap EZ Reagent Kit Plus V2 06953247001 

SeqCap EZ Choice Library 4 Reaction 06740251001 

SeqCap EZ Choice Library 12 Reaction 06266282001 

SeqCap EZ Choice Library 24 Reaction 06266304001 

SeqCap EZ Choice Library 48 Reaction 06266312001 

SeqCap EZ Choice Library 96 Reaction 06266339001 

GS Rapid Library Prep Kit 05608228001 

GS Junior Sequencing System 05922160001 

GS Junior Titanium emPCR Kit (Lib-L) 05996481001 

GS Junior Titanium Sequencing Kit 05996554001 

GS Junior Titanium PicoTiterPlate Kit 05996619001 
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