
 

 

FAQ 

Target Enrichment and Multiplexing Amplicons up to 10kb 

The following are FAQs involving target enrichment with Roche NimbleGen’s SeqCap EZ 

technology and barcoding strategies for multiplexing up to ninety-six (96) 10kb amplicons. 

Target Enrichment 

1) How does the target enrichment protocol work? 

Customers order an off the shelf exome, human and non-human designs or custom designs and 

reagents from Roche NimbleGen using the Target SeqCap EZ shared protocol, and perform 

standard SMRTbell™ template preparation. 

2) What target region can be used? 

Human and non-human genomic regions and exomes are supported by the SeqCap EZ 

technology. 

3) What organisms are compatible with this target enrichment approach? 

All organisms supported by the SeqCap EZ technology. 

4) Does Roche NimbleGen support this protocol? 

Yes, any design and target procedure questions should be directed to Roche NimbleGen.  Any 

SMRTbell library preparation questions should be directed to PacBio. 

5) What results have been achieved with this target enrichment approach? 

To date, we have evaluated the ‘off-the-shelf’ Major Histocompatibility Complex (MHC) and 

Comprehensive Cancer panel kits. These results can be viewed in an Application Note and a 

poster presentation from the 2015 AGBT conference. 

6) How long are the enriched fragments? 

Genomic DNA is fragmented to 10kb.  After size selection, capture, amplification and SMRTbell™ 

library preparation, the average insert size is approximately 6 kb. 

7) What is typical length of fragments targeted with the SeqCap EZ technology? 

In the SeqCap EZ protocols, the DNA is sheared to the appropriate length for the sequencing 

technology.  

8) What is the advantage of the longer 6kb fragments? 

The PacBio® System often delivers even coverage over multi-kilobase regions of the genome. 

With PacBio long reads, heterozygous SNPs can be used to phase the reads and generate 

accurate haplotypes.  It also provides good coverage for intronic and exonic regions across the 

target of interest. 

 

http://www.nimblegen.com/products/seqcap/ez-system/index.html
https://pacbio.secure.force.com/Share/Protocol?id=a1q70000004ITzvAAG&strRecordTypeName=Protocol
https://na5.salesforce.com/sfc/p/#70000000IVif/a/70000000PpRK/qVDy41tLP4UZRo03UTvWisIhrNYsgTE520IMPeBoebc
http://files.pacb.com/pdf/Poster_TargetedSMRTSequencingPhasing_RocheNimbleGenSeqCapEZ.pdf


 

 

9) How did PacBio confirm the SNPs and haplotypes? 

Data from the MHC target enrichment experiment was compared to data generated from 

sequencing with both the PacBio System using amplicons with the GenDx NGSgo®-AmpX 

amplification primers and traditional Sanger methods.  

10) What was the level of enrichment achieved compared to gDNA? 

On average the enrichment was >1500-fold for the comprehensive panel and >600-fold for the 

MHC panel. 

11) What was the percent of reads that were on target? 

On average the percentage of reads on target was >60%. 

12) Where can I find more information? 

Please visit the PacBio website for Target Enrichment. 

13) How did you phase/haplotype the reads? 

For each targeted region, SAMtools was used to phase and bin reads by haplotype, and then 

Quiver was applied to polish each haplotype to high consensus accuracy. This entire workflow is 

summarized on GitHub here.   

14) What are the different types of enrichments that are available? 

There are 4 types of SeqCap EZ libraries: 

i. SeqCap EZ Exome – variants of human exomes 

ii. SeqCap EZ Choice – customer specified subsets of human probes 

iii. SeqCap EZ Design – off-the-shelf design of human (e.g., MHC) and non-Human 

(e.g., soybean exome) 

iv. SeqCap EZ Developer – completely custom design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://pacb.com/products/consumables/reagents/target_enrichment/
https://github.com/PacificBiosciences/targeted-phasing-consensus/


 

 

 

Barcoding Kits for Multiplexing Amplicons 

 

1) How many new kits are there? 

There are 3 new kits: 

Part Number Product Name Comments 

100-514-900 SMRTbell™ Barcoded 
Adapter Complete Prep 
Kit - 96 

Contains both SMRTbell Barcoded Adapter Prep Kit and 
Barcoded Adapter Plate - 96. Reagent quantities support 
96 complete Barcoded Adapter End Repair and Ligation 
reactions. 

100-465-900 SMRTbell
TM

 Damage 
Repair Kit  

To be used with the SMRTbell Barcoded Adapter 
Complete Prep Kit -96 to prepare primer-annealed 
SMRTbell libraries. Contains reagents to 10 DNA 
Damage Repair, Exonuclease and primer-annealing 
reactions. 

100-466-100 Barcoded Universal 
F/R Primers Plate - 96  

Contains forward and reverse primers for 96 PCR 
reactions to include the Barcoded Universal Primers. 
Each well has a paired set of primers for a 25 µL PCR 
reaction. To be used with SMRTbell Template Prep Kit 
1.0 (P/N 100-259-100) to prepare primer-annealed 
SMRTbell libraries. 

 

 

2) Where can I find out more information about the multiplexing amplicons? 

Please visit the PacBio website for Multiplexing Amplicons. 

3) How can the samples be individually distinguished? 

Each amplicon contains a 16bp barcode. 

4) How are the barcodes incorporated into the SMRTbell template? 

PacBio uses two approaches: 

b. Adding a barcode to end of the standard SMRTbell adapter. The combined adapter is 

called a Barcoded Adapter. 

c. Adding a barcode to the PCR amplicon. This approach involves a nested two-PCR 

reaction workflow. The internal primers for the first PCR are augmented at the 5’ end by 

universal sequences to the target-specific primers. The external primers contain the 

16bp barcode at the 5’ end and the universal sequences. This approach is called 

Barcoded Universal Primers. 

 

http://pacb.com/products/consumables/reagents/multiplex_amplicons/


 

 

5) Where do the cost savings occur compared to the standard template preparation 

reaction? 

If the cost basis is a single reaction from the SMRTbell Template Prep Kit 1.0, the Barcoded 

Adapter workflow reduces the cost approximately 10-fold. The Barcoded Universal Primer 

workflow reduces the cost approximately 100-fold.  For more information, please see the 

Product Note on the website. 

 

6) How is the cost savings achieved in the Barcoded Adapter workflow? 

There are 2 sources of cost savings in the Barcoded Adapter workflow: 

1) The first reaction, in which the End Repair and Ligation occurs, has a reduced 

volume from ~40-50 µL to 10 µL. The reduction reduces the amount of enzyme 

used. 

2) The samples are pooled into one common reaction for subsequent reactions. The 

pooling of samples achieves a cost savings. 

 

7) Why are the cost savings more for using Barcoded Universal Primers compared to the 

Barcoded Adapters? 

The Barcoded Universal Primer workflow pools the samples earlier in the template reaction 

workflow. The earlier in the workflow that samples are pooled, the fewer individual reactions 

per sample are required. 

 

8) What is the maximum multiplex available? 

The maximum number is ninety-six. 

 

9) What is the minimum multiplex available? 

The minimum is two. 

 

10)  How can the kit be formatted to different levels of multiplexing? 

Both of the 96-well plates are sealed with a pierceable foil seal. By piercing only the number of 

wells required for the experiment, the remainder of wells is kept sealed. PacBio has 

recommendations on how much sample is required for subsequent reactions based on the level 

of multiplexing. Since the template is PCR amplicons, a typical PCR reaction can yield enough 

template even for lower multiplexing. 

 

11) What kind of PCR Enzyme does PacBio recommend to generate PCR amplicons? 

While, PacBio does not recommend a specific enzyme, a high fidelity enzyme is generally 

preferred. 

 

http://pacb.com/products/consumables/reagents/multiplex_amplicons/


 

 

 

12) What is the maximum length of PCR amplicon that can be sequenced is recommended to 

be used in this protocol? 

From a practical perspective, PacBio recommends amplicons up to 10kb in length. 

 

13) How many subreads to obtain an accurate consensus sequence?  

PacBio recommends 100 subreads for a given haplotype. 

 

14) What are the recommended filters are required to ensure high quality results? 

For applications utilizing the Long Amplicon Analysis workflow, the subread filter length should 
be set to 80-95% of the minimum amplicon length in the pool. 

15) Does the level of multiplexing depend on the length of amplicon? 

Typical results of sequencing using 1 SMRT Cell yield 96 amplicons with lengths up to 5kb. 

Amplicons with greater length may require a reduction in multiplexing. For example, eight 10kb 

amplicons may yield sufficient reads on 1 SMRT Cell. These are very general recommendations 

and may vary based on the specific samples and amplicons. 

 

16) What is the volume of reagent in the plates? 

Both the Barcoded Adapter Plate – 96 and the Barcoded Universal F/R Primer Plate have a target 

volume of 6 µL with a variance of +/- 1 µL. 

 

17) What is the make and model of the 96-well plate? 

The plate is made by Axygen and is P/N 10011-228. 

 

18) How are the 96-well plates sealed? 

They are sealed with a non-peelable but pierceable foil. PacBio recommends piercing the well 

with a pipette tip and using a new pipette tip to aliquot the required liquid out of the well. 

 

19) Is the 96-well plate used for the PCR reaction? 

PacBio recommends that the Barcoded Universal Primers are aliquoted out of the primer plate 

into a new 96-well plate which will be used for the PCR reaction. 

 

20) What is the recommended PCR volume? 

 25µL. 

 

 



 

 

21) What is the concentration of the forward and reverse primer in each well of the 

Barcoded Universal F/R Primer Plate – 96? 

Both primers are in each well and are present at 2 µM (each). 

 

22) What is the buffer used in the Barcoded Universal F/R Primer Plate – 96? 

TE Buffer, pH 7.5. 

 

23) Are there more than 96 barcodes available for the PacBio System? 

PacBio provides barcode sequences for up to 384 on the wiki. 

 

24) What are the supported applications?  

Supported applications are sequencing of one species per sample or loci.  Examples of these 

applications are confirmation of SNPs and resequencing. An exception is HLA typing, which may 

have 2 species per loci. Multiplexing of HLA has also been demonstrated with the use of 

additional analysis. 

 

25) What are not supported applications?  

PacBio does not recommend barcoding for sheared libraries; minor variant detection < 10%; or 

amplicons greater than 10kb. 

 

26) How does the barcode physical layout in the 96-well plates correspond to the labels 

used in SMRT Analysis? 

The barcodes are dispensed into the 96-well plate in column dominant order as described here. 

In the bioinformatics pipeline, the barcodes are labeled ‘lbc001, lbc002…’. Therefore, lbc001 is 

located in well A1, and lbc002 is in well B1. 
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https://github.com/PacificBiosciences/Bioinformatics-Training/wiki/Barcoding
http://files.pacb.com/pdf/Poster_MultiplexingHumanHLAGenotyping_DNABarcodeAdapters_HighThroughputResearch.pdf
https://na5.salesforce.com/sfc/p/#70000000IVif/a/70000000PpyO/4WJpf.lRpfeXZadgsv9WmcjNoat34.w_QkG4sr5VWGI

