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Imegen guarantees that all its products are free from defects, both in the materials 

used as well as in its manufacturing process. This guarantee extends through to the 

expiry date, so long as the storage conditions specified in this manual are observed. 

 

Our products are designed for in vitro diagnostics. Imegen does not offer any other 

warranty, express or implied, that extends beyond the correct functioning of the 

components of this kit. Imegen’s only obligation, with respect to the aforementioned 

guarantees, will be to replace the products, or to return the purchase price thereof, 

at the customer's discretion, provided that the existence of a defect in the materials 

or in the development of the products, is proven. 

Imegen will not be responsible for any damage, direct or indirect, that results in 

economic losses or damages that may occur due to the use of this product by the 

buyer or user. 

 

All products marketed by Imegen are subjected to rigorous quality control. The 

Hereditary OncoKitDx (without index) kit has passed all internal validation tests, 

which guarantee the reliability and reproducibility of each test. 

 

For any questions regarding the applications of this product or its protocols, please 

contact our Technical Department: 

  

Telephone:    +34 963 212 340 

Email:        tech.support@imegen.es 

 

* imegen® is a registered trademark of Medicina Genómica, Spain, a member of the Health 

in Code group 
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Amendments to the Instructions for Use (IFU) 

Version 03 Changes applied: Update the information related to the 

management of requests and the variants filtering in 

DataGenomics in section 8. 

Version 04 Changes applied: Specification of the quality parameters on 

section 7 and update of some of the protocol recommendations 

and section 10. 

Version 05 Changes applied: Sections 5, 7 and 8 update. 

Version 06 Changes applied: Section 5. Updated list of the material 

included. And section 8.3 P-value settings 

Version 07 Changes applied: Section 4. Warning addition. Addition of a new 

section (10.4). Section 3. Correction of an error (amount of 

starting DNA) 

Version 08 Changes applied: Section 3. Coverage update. Section 7.6. New 

sequencing loading recommendations and 8.2. On-target and 

DP50 parameters setting. 

Version 09 Content Review 
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1 General Information 

 

The term cancer refers to a very broad and varied group of diseases characterised 

by the uncontrolled growth of cells, which can spread to tissues in other parts of 

the body. The causes that trigger the appearance of cancer are very varied and are 

often the result of the interaction of a large number of risk factors including genetic 

and environmental factors. These risk factors cause variations at genetic level which 

give rise to loss of control over certain biological processes resulting in uncontrolled 

cell growth. 

  

A small proportion of cancers, estimated approximately in 5% to 10% of all cancers, 

have a hereditary character. Hereditary cancer is associated with a germline 

mutation in a specific gene that increases the susceptibility to develop a neoplasia. 

This susceptibility is transmitted to the family members with different hereditary 

patterns, not implying the certainty in development in all cases. However, it is 

important to identify families with possible hereditary cancer types because family 

members will benefit from efficient measures, not only in early detection but also 

in the prevention of tumours.    

 

 

References 

 

▪ Clin Transl Oncol (2015) 17:956–961. DOI 10.1007/s12094-015-1435-3 

▪ J Natl Compr Canc Netw 2017;15(1):9–20. 

▪ ACOG Practice Bulletin: Clinical management guidelines for obstetrician–gynecologists; VOL. 

130, NO. 3, September 2017. 

▪ NCCN Clinical Practice Guidelines in Oncology: Genetic/Familial High-Risk Assesment: 

Colorectal. Version 3.2017- October 10, 2017. 

▪ NCCN Clinical Practice Guidelines in Oncology: Melanoma. Version 2.2018- January 19, 2018. 

▪ NCCN Clinical Practice Guidelines in Oncology: Pancreatic Adenocarcinoma. Version 1.2018- 

April 27, 2018. 
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2 Intended use 
 

 

Hereditary OncoKitDx (without index) employs Next-Generating Sequencing (NGS) 

procedure to detect single nucleotide variants (SNVs), small insertions and deletions 

(INDELs), copy-number variations (CNVs) and the presence of large insertions, such 

as ALU insertions associated with familiar cancer.   

 

Hereditary OncoKitDx (without index) has been designed to analyse the coding 

regions of 50 genes (RAD51C, RAD51D, XRCC2, STK11, TP53, PALB2, BRCA1, BRCA2, 

PTEN, CDH1, ATM, BARD1, CHEK2, NBN, MRE11A, RAD50, MLH1, MSH2, MSH6, EPCAM, 

PMS2, BRIP1, BMPR1A, APC, MUTYH, SMAD4, POLD1, POLE, MLH3, MSH3, NTHL1, CDKN2A, 

MET, CDK4, FH, MEN1, RET, SDHB, SDHC, SDHD, SDHA, SDHAF2, VHL, FAM175A, NF1, 

PIK3CA, RB1, KIF1B, MAX, TMEM127), that have been associated to one, or more,  of 

the most common types of hereditary cancers (breast, ovary, colorectal, uterine, 

melanoma, kidney, prostate, pancreatic, multiple endocrine neoplasia (MEN), 

pheochromocytoma, paraganglioma and retinoblastoma). 

 

The assay is performed using genomic DNA extracted from peripheral blood or 

saliva samples, and the library construction is performed by hybridisation capture 

of target regions and further NGS sequencing using Illumina technology and 

imegen’s Data Genomics site for the bioinformatics analysis. 

 

The bioinformatics results will give the clinician relevant molecular information, that 

is all the genetic variants present in the coding regions of the 50 genes included in 

the panel, required to assess the patient’s genetic susceptibility to develop a 

hereditary cancer. 

 

Hereditary OncoKitDx (without index) is for in vitro diagnostics and is intended 

for professional Molecular Biologists.  
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The following table indicates the associated risk between the 50 genes included in 

this panel and the predisposition to develop the most frequent types of cancer.  
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APC                           

ATM                           

BARD1                           

BMPR1A                           

BRCA1                           

BRCA2                           

BRIP1                           

CDH1                           

CDK4                           

CDKN2A                           

CHEK2                           

EPCAM                           

FAM175A                           

FH                           

KIF1B                           

MAX                           

MEN1                           

MET                           

MLH1                           

MLH3                           

MRE11A                           

MSH2                           

MSH3                           

MSH6                           

MUTYH                           

NBN                           

NF1                           

NTHL1                           

PALB2                           

PIK3CA                           

PMS2                           
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POLD1                           

POLE                           

PTEN                           

RAD50                           

RAD51C                           

RAD51D                           

RB1                           

RET                           

SDHA                           

SDHAF2                           

SDHB                           

SDHC                           

SDHD                           

SMAD4                           

STK11                           

TMEM127                           

TP53                           

VHL                           

XRCC2                           

 

 

       High or moderate risk to develop cancer if a pathogenic alteration is detected in 

the coding region according to the NCCN Clinical Practice Guidelines in Oncology 

guidelines. 

 

       Low risk to develop cancer if a pathogenic alteration is detected in the coding 

region according to the NCCN Clinical Practice Guidelines in Oncology guidelines. 

  
       Insufficient clinical evidence, but several studies correlate alterations in the coding 

sequence with the appearance of cancer.  

 

 

 

 



 

 

 

 

Rev.9. 14/05/2021                               Page 11 of 45 

3 Technical characteristics 

 

Hereditary OncoKitDx (without index) has been validated using reference DNA 

samples and samples previously genotyped using other technologies. During the 

validation of this kit, it has been verified that the variants present in the target 

genes, specified in Section 2 of this manual (Intended purpose of the product) are 

specifically detected, and that this analysis is repeatable and reproducible.  

 

Technical specifications: 

 

▪ Type of sample: Blood or saliva 

▪ Starting material: 10 ng of genomic DNA. 

▪ Coverage: 99% of the bases covered at 50X depth. 

▪ Uniformity: 99.2% of the bases covered at >20% of the average coverage  

and 90.0% of the bases covered at >50% of the average coverage. 

▪ Specificity >99.9% 

 

Hereditary OncoKitDx is compatible with Next-Generation Sequencing platforms 

from Illumina. 

Imegen is certified, in accordance with the standard UNE-EN ISO 13485:2018 Medical 

devices – Quality management systems - Requirements for regulatory purposes, by 

THE AGENCIA ESPAÑOLA DE MEDICAMENTOS Y PRODUCTOS SANITARIOS for the 

Design, development and manufacturing of “in vitro” diagnostic medical devices: 

▪ Kits for genetic testing 

▪ Software for bioinformatic analysis of genetic data 
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4 Warnings and precautionary Statements 
 

1. Strictly follow the instructions of this manual, especially regarding the handling and 

storage conditions. 

 

2. Do not pipette by mouth. 

 

3. Do not smoke, drink, or eat in areas where specimens or kit reagents are being 

handled. 

 

4. You must properly protect any skin condition, as well as cuts, abrasions and other 

skin lesions. 

 

5. Avoid discharge of reagents waste to the sink drinking water. Use waste containers 

established by the legislation and manage their treatment through an authorized 

waste manager. 
 

6. In case of an accidental release of any of the reagents, avoid contact with skin, 

eyes and mucous membranes and clean with abundant water. 
 

7. The materials safety data sheets of all hazardous components contained in this kit 

are available on request to imegen. 
 

8. This product requires the handling of samples and materials of human and animal 

origin. You should consider all human and animal source materials as potentially 

infectious and handled in accordance with OSHA Biosafety Level 2 of bloodborne 

pathogens or must use other relevant biosafety practices for materials containing 

or suspect that they may contain infectious agents. 
 

9. The reagents included in this kit are not toxic, explosive, infectious, radioactive, 

magnetic, corrosive not biological or environmental pollutants. 

 

10. This kit has been validated using specific equipment and conditions which might 

vary from the conditions in other laboratories. Thus, it is recommended that each 

laboratory performs an internal validation prior to the utilisation of the kit. 
 

11. The manufacturer is not responsible for the malfunction of the assay when one or 

more reagents included in the kit are replaced by other reagents not supplied by 

Imegen. 

 

12. The manufacturer does not guarantee the reproducibility of the assay when the user 
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employs reagents not validated by Imegen, considering them equivalent to those 

provided in the Kit. 

 

13. The manufacturer is not responsible for the results obtained when the bioinformatic 

analysis is performed using an analytical platform other than Data Genomics. 

 

5 Kit contents and storage conditions  

 
 

This kit contains sufficient reagents to construct 48 libraries and 4 capture reactions, 

each one with a pool of 12 libraries. The following reagents are included in the kit: 

 

▪ Fragmentation Buffer and Fragmentation Enzyme: Restriction enzyme and buffer 

required to perform the DNA fragmentation and subsequent DNA end repair prior 

to carry on with the ligation of the sequencing adaptors.  

 

▪ Ligation Master Mix, Ligation Enhancer and Ligase: DNA ligase and reagents required 

to perform the ligation of the repaired DNA fragments to the adaptors.  

 

▪ Adaptors: Specific double stranded DNA that is ligated to the repaired DNA tails. 

These adapters will enable DNA binding to the Illumina flow-cell for sequencing 

(Index and sequencing adapters). 

 

▪ PCR Master Mix: PCR Master mix containing MgCl2, nucleotides, enzyme and buffer 

solution, required for the PCR reaction that add the Indexes to the DNA fragments. 

 

▪ Cot-1 DNA: Single stranded DNA sequences, ranging from 50 to 300 bp, 

complementary to Alu or Kpn sequences. These specific sequences will bind to their 

target genes and prevent them from interfering with the capture process. 

 

▪ Blockers: Oligonucleotides that complementary bind to the library adapter 

sequences to reduce the unspecific capture of non-targeted regions during the 

process of library enrichment.  

 

▪ Probes: Biotinylated synthetic oligonucleotides complementary to the target regions 
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of the 50 target genes. The probes hybridise to the target DNA and are then captured 

by streptavidin-conjugated magnetic beads by means of a biotin-streptavidin 

linkage.  

 

▪ Hybridisation Buffer and Hybridisation Enhancer: Buffer and enhancer for the 

hybridisation of the target regions with the probes. 

 

▪ Streptavidin Beads: Magnetic particles covalently coupled to a highly pure form of 

streptavidin. The beads can be used to capture biotin labelled DNA fragments. 

 

▪ Beads Wash Buffer and Wash Buffer I-IV: Buffers required to wash the streptavidin-

conjugated magnetic beads and the different reagents used during the capture 

process, as well as to wash the uncaptured DNA fragments. 

 

▪ Enrichment PCR Master Mix: PCR Master mix containing dNTPs, DNA polymerase 

enzyme, MgCl2 and amplification Buffer solution for the enrichment PCR reaction of 

captured DNA fragments. 

 

▪ Amplification Primer Cocktail: Oligonucleotides complementary to the Illumina 

adapters required to amplify the captured DNA.  

 

▪ Elution buffer: Optimal buffer for the elution of the DNA sample.  
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The following reagents are included in the kit:  

Reagents Colour Vials Storage 

Fragmentation Buffer Green disk 520 µL -20ºC 

Fragmentation Enzyme White disk 140 µL -20ºC 

Ligation Master Mix Black disk 1750 µL -20ºC 

Ligation Enhancer Yellow disk 58 µL -20ºC 

Adaptors Purple disk 40 µL -20ºC 

Ligase White disk 170 µL -20ºC 

PCR Master Mix White disk 1400 µL -20ºC 

Cot1- DNA Yellow disk 25 µL -20ºC 

Blockers Purple disk 10 µL -20ºC 

Probes  Black disk 20 µl -20ºC 

Hybridization Buffer Green disk 115 µl -20ºC 

Hybridization Buffer Enhancer Yellow disk 35 µl -20ºC 

Beads Wash Buffer Blue disk 1000 µl -20ºC 

Wash Buffer I Blue disk 125 µl -20ºC 

Wash Buffer II Blue disk 170 µl -20ºC 

Wash Buffer III Blue disk 80 µl -20ºC 

Wash Buffer IV Blue disk 90 µl -20ºC 

Streptavidin Beads Black cap 240 µl 4ºC 

Enrichment PCR Master Mix White disk 120 µl -20ºC 

Amplification Primer Cocktail Black disk 15 µl -20ºC 

Elution Buffer (EB) Green disk 2 x 1600 µl 4ºC 

 

Table 1. Components of the Hereditary OncoKitDx (without index) 
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6 Equipment, Reagents and Material required but not 

supplied  

 

Equipos: 

▪ Thermal Cycler 

▪ Vacuum centrifuge (Recommended: SpeedVac System; ThermoFisher) 

▪ Micropipettes (10 µL, 20 µL, 200 µL and 1000 µL) 

▪ Vortex 

▪ Microcentrifuge 

▪ Water Bath 

▪ Magnetic separation rack for 0,8 mL plates and 1,5 mL tubes 

▪ Qubit Fluorometer (ThermoFisher) 

▪ Spectrophotometer (Recommended: Nanodrop; ThermoFisher) 

▪ NGS Sequencer (Illumina) 

▪ Fragments analyser (Recommended: Tapestation System of Agilent Technologies) 

 

 

Reagents: 

▪ Agencourt® AMPure® XP beads (Beckman Coulter Genomics cat. no. A63880, A63881 

or A63882) 

▪ Absolute ethanol 

▪ Nuclease free water 

▪ Qubit dsDNA HS Assay kit (Invitrogen cat. no. Q32854) 

▪ NaOH 0.2N (Fluka cat. no. 1091401000) 

▪ PhiX Control v3 (Illumina cat. no. FC-110-3001)  

▪ Fragments analyser. Optional: D1000 Reagents (Agilent cat. no. 5067-5583) and High 

Sensitivity D1000 Reagments (Agilent cat. no. 5067-5585) 

▪ Index: Oligonucleotides with a unique nucleotide sequence compatible with Illumina 

adapters: 96 index plate for Illumina (REF.IMG-327).  

 

Note: This kit does not include the reagents required to carry out NGS sequencing.  
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Materials: 

▪ Filter tips for pipettes (10 µL, 20 µL, 200 µL and 1000 µL) 

▪ Sterile 0.2 mL tubes 

▪ low-bind sterile 1.5 mL and 0.2 mL tubes 

▪ low-bind de 0,8 mL plates 

▪ Powder-free latex gloves 

▪ Qubit (Recommended): Qubit™ assay tubes (Invitrogen cat. no. Q32856) 

▪ D1000 ScreenTape (cat. no. 5067-5582) (Optional) 

▪ Fragments analyser materials. Optional: TapeStation D1000 ScreenTape (Ref:5067-

5582; Agilent) and High Sensitivity D1000 ScreenTape (cat. no. 5067-5584; Agilent) 

 

 

 

 

 

 

 

 

7 Assay protocol 

 

7.1 Hereditary OncoKitDx Library preparation 

 

The quality of the DNA sample is crucial to obtain DNA libraries and optimal 

sequencing results. To ensure the integrity and quality of the DNA is optimal, several 

quality controls will be performed prior to DNA library preparation.   

 

7.1.1 DNA samples preparation 

  

1. Thaw the genomic DNA samples on ice. 

2. Vortex and quantify the concentration of the DNA samples using a 

NOTE 

Hereditary OncoKitDx (without index) is prepared for use in combination with the 

Sample tracking A kit (REF: IMG-234), and Sample tracking B kit (REF: IMG-311), 

allowing each sample to be tracked from the preparation of the PCR reactions 

through to the bioinformatic analysis of the results. In this way, sample tracking 

can be assured throughout the entire protocol.  
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spectrophotometer (e.g. Nanodrop) or a fluorometer (e.g. Qubit).  

3. Dilute sufficient DNA in nuclease-free water to prepare a 50 µL aliquot at 25 

ng/µL.  

Optional: If a Sample tracking system (Sample tracking Kit C and D; REF. IMG-

318 and REF. IMG-319) is used to trace each sample along the preparation 

protocol, then 2.5µl of one of the 12 sample tracking reagents should be added 

to the 50 µL aliquot replacing the volume of nuclease-free water.  

4. Vortex and quantify the DNA samples again using a spectrophotometer (e.g. 

Nanodrop) or a fluorometer (e.g. Qubit). 

5. Dilute the DNA sample to 2 ng/µL using nuclease-free water to prepare a total 

volume of 50 µL. 

6. Vortex and quantify again each DNA sample with a fluorimeter (i.e. Qubit).  

7. Dilute the DNA sample to 0.8-1 ng/µL using nuclease-free water to prepare a 

total volume of 27 µL. 

 

7.1.2 DNA Fragmentation  

 

Reagents needed for the DNA fragmentation: 

  

Reagent Tube colour Storage 

Fragmentation Buffer Green disk -20ºC 

Fragmentation Enzyme White disk -20ºC 

 

1. Thaw the above reagents on ice. Once thawed vortex thoroughly and spin down. 

2. Prepare into 1.5 mL tube the fragmentantion master mix with the following 

amounts of reagents, vortexing them previously. 

 

 

 

 

*Note: Fragmentation Enzyme reagent is viscous. It should be be pipetted very slowly to avoid loss of 

reagent 

Reagent Volume  

12  

samples 

24  

samples 

48  

samples 

Fragmentation Buffer 7 µL 105 µL 210 µL 420 µL 

Fragmentation Enzyme* 2 µL 30 µL 60 µL 120 µL 
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3. Dispense 9 µL of the fragmentation master mix to each 0.2 mL tube and add in 

each of them 26 µL of the corresponding DNA at a concentration of 0.8-1 ng/µL. 

4. Vortex for 5 seconds and spin down the fragmentation reactions.   

5. Transfer the PCR tubes into the PCR thermal cycler and set up the following PCR 

programme:  

Preheat lid at 75ºC 

Temperature Time Cycles 

37ºC 20 minutes 1 

65ºC 30 minutes 1 

4ºC  1 

Table 2. Optimal PCR fragmentation programme for the SimpliAmpTM Thermal Cycler (ThermoFisher Scientific) 
 

 
 

7.1.1 Ligation of adaptors 
  

Reagents needed for the ligation of adaptors: 

 

Reagents Tube colour Storage 

Ligation Master Mix Black disk -20ºC 

Ligation Enhancer Yellow disk -20ºC 

Adaptors Purple disk -20ºC 

Ligase White disk -20ºC 

Elution Buffer Green disk  4ºC 

 

 

1. Thaw at room temperature the Ligation Master Mix, Ligation Enhancer, Adaptors and 

Ligase. 

2. Prepare a 1:10 dilution of the Adaptors reagent using Elution Buffer. Add 2 µL of the 

1:10 diluted Adaptors reagent into each one of the 0.2 mL tubes containing the 

fragmentation reactions. 

3. Prepare into 1.5 mL tube the ligation master mix: 
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If needed, the samples can be stored at -20ºC 

overnight. 

 

 

 
 

 

*Note: The Ligation Master Mix is highly dense, thus mix thoroughly to obtain a homogeneous solution 

prior its use. Small air bubbles will not interfere in the process.  

 

4. Dispense 31 µL of the ligation master mix into each new 0.2 mL tubes. 

5. Pipette up and down ten times to mix the fragmentation reaction and the ligation 

reagents thoroughly and spin down. 

6. Incubate at 20ºC for 15 minutes in a conventional thermal cycler with the heated lid 

off. 

7. With the tubes still in the thermal cycler, add 3 µL of Ligase into each tube and 

pipette up and down gently. 

8. Incubate at 37°C for 15 minutes setting the heated lid to 47ºC.  

 

 

 

 

7.1.3 Purification of the Adaptor-ligated DNA fragments 

 

Reagents needed for the purification of the adaptor-ligated DNA fragments: 

  

Reagent Tube colour Storage 

Elution Buffer Green disk 4ºC  

 

Note: If the Adaptor-ligated DNA samples were stored frozen after the completion of the step 

7.1.3, allow them to thaw at room temperate before proceeding with the following steps.  

Allow the AMPure XP Beads and Elution Buffer to stand at room temperature for 30 

minutes prior to their use. In the meantime, prepare a 440 µL dilution of 80% 

ethanol. 

 

Reagent Volume  

12  

samples 

24  

samples 

48  

samples 

Ligation master mix* 30 µL 396 µL 792 µL 1584 µL 

Ligation Enhancer 1 µL 13.2 µL 26.4 µL 52.8 µL 
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The protocol can be stopped by storing the samples at -20ºC. 

1. Spin down the ligation reactions and transfer the total volume (68 µL) of 

each sample into a fresh 1.5 mL tube.  

2. Add 57 µL of AMPure XP Beads and mix by pipetting the solution up and 

down over 10 times.  

3. Incubate the reactions at room temperature for 5 minutes. 

4. Place the tubes on the magnetic rack for 5 minutes (or until the solution is 

clear) to separate the beads from the supernatant. 

5. Discard the supernatant. 

6. Add 200 µL of 80% ethanol freshly prepared. 

7. Incubate at room temperature for 30 seconds and discard the supernatant.  

8. Repeat steps 6 to 7 of this section. Be careful to remove all visible liquid 

after the second wash. 

9. Let air dry the tubes for no more than 5 minutes. 

10. Remove the tubes from the magnetic rack. 

11. Add 17 µL of Elution Buffer to each sample and resuspend the pellet by 

pipetting up and down over 10 times.  

12. Incubate at room temperature for 2 minutes. 

13. Place the tubes on the magnetic stand for 5 minutes (or when the solution 

is clear) and transfer 15 μL of the clear supernatant into a fresh 0.2 mL tube. 

 

 

 

 

7.1.5      PCR Amplification and Index ligation 

 

Reagents needed for this step: 

 
  

Reagent Tube colour Storage 

PCR Master Mix White disk -20ºC 

 

 

1. Thaw the PCR Master Mix reagent and the 96 index plate for Illumina (REF. 

IMG-327) containing 96 different indexes multiplexed with the universal index. 

Shake in vortex. 



 

 

 

 

Rev.9. 14/05/2021                               Page 22 of 45 

2. Add 25 µL of PCR Master Mix and 10 µL of the indexes to each 0.2 mL resulting 

from step 13 of the previous section, a different one for each sample. We 

recommend following the instructions below to select indexes based on the 

number of samples to be sequenced simultaneously:  

 

▪ Indexes are sorted on the board by rows. Therefore, we recommend that 

the 12 libraries of the samples to be captured together be prepared with a 

different index belonging to the same row of the plate. 

 

3. Mix the solution by pipetting up and down over 10 times and spin down. 

4. Place the tubes in a thermal cycler and set up the following PCR programme: 

Set pre-heated lid to 105ªC. 

 

 

 

 

 
 

 

 

 

 

7.1.4 Purification of PCR products  

 

Reagents needed for the purification of the PCR products: 

  

  1 2 3 4 5 6 7 8 9 10 11 12 
A P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 

B P13 P14 P15 P16 P17 P18 P19 P20 P21 P22 P23 P24 

C P25 P26 P27 P28 P29 P30 P31 P32 P33 P34 P35 P36 

D P37 P38 P39 P40 P41 P42 P43 P44 P45 P46 P47 P48 

E P49 P50 P51 P52 P53 P54 P55 P56 P57 P58 P59 P60 

F P61 P62 P63 P64 P65 P66 P67 P68 P69 P70 P71 P72 

G P73 P74 P75 P76 P77 P78 P79 P80 P81 P82 P83 P84 

H P85 P86 P87 P88 P89 P90 P91 P92 P93 P94 P95 P96 

Table 3. Index distribution 

Temperature Time Cycles 

98ºC 30 seconds 1 

98ºC 10  seconds 
10 

65ºC 75  seconds 

65ºC 5 minutes 1 

4ºC   

Table 4.  Optimal PCR programme for SimpliAmpTM Thermal Cycler (ThermoFisher Scientific) 
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The protocol can be stopped by storing the samples at -20ºC. 

Reagent Tube Colour Storage 

Elution Buffer Green disk 4ºC 

 

Allow the AMPure XP Beads and Elution Buffer to stand at room temperature for 30 

minutes prior to their use. In the meantime, prepare a 440 µL dilution of 80% 

ethanol. 

 

1. Transfer the total sample volume (50 µl) into a fresh 1.5 mL tube. 

2. Add 45 µL of AMPure XP Beads and mix by pipetting the solution up and 

down over 10 times. 

3. Incubate samples at room temperature for 5 minutes. 

4. Place the tubes on an appropriate magnetic rack for 5 minutes (or till the 

solution is clear) to separate the beads from the supernatant. 

5. Discard the supernatant. 

6. Add 200 µL of 80% freshly prepared ethanol. 

7. Incubate at room temperature for 30 seconds. Remove supernatant. 

8. Repeat steps 5-7 of this protocol. Be sure to remove all visible liquid after 

the second wash. 

9. Let air dry the plate for no more than 5 minutes. 

10. Remove the plate from the magnetic rack. 

11. Add 33 µL of Elution Buffer to each sample and resuspend the pellet by 

pipetting up and down 10 times. 

12. Incubate at room temperature for 2 minutes. 

13. Place the tube on the magnetic stand for 5 minutes (or until the solution is 

clear) and transfer 30 µL of the clear supernatant into a fresh 0.2 mL tube. 

 

 

 

7.2 Library quality control 

 

To quantify the DNA concentration, it is recommended to use a QubitR 2.0 

fluorometer, in combination with the commercial Qubit dsDNA HS Assay kit (Ref: 

Q32854) and QubitTM assay tubes (Ref: Q32856) from Invitrogen. The expected 
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concentration is 30-80 ng/µL. 

Optional: Imegen recommends verifying the size of the libraries using the TapeStation 2200 

and the commercial High Sensitivity D1000 (Ref:5067-5583) and High Sensitivity D1000 

ScreenTape (Ref:5067-5584) kits from Agilent Technologies. The average size obtained should 

be 260-300 bp as shown in the figure below. In case of a library size different from expected 

check the protocol or contact imegen technical support. 

 

 

 

 

 

 

 

 

 

Figure 1. Expected size of the libraries using a Tapestation 2200 (Agilent Technologies). 

 
 

7.3 Capture of target regions  

 

7.3.1 Probes hybridisation to the DNA libraries  

   

Reagents needed for this step: 

  

Reagent Tube colour Storage 

Cot1 - DNA Yellow disk -20ºC 

Blockers Purple disk -20ºC 

Hibridisation Buffer Green disk -20ºC 

Hibridisation Buffer Enhancer Yellow disk -20ºC 

Probes Black disk -20ºC 

 

 

1. All the Cot-1 DNA and Blockers to thaw at room temperature. Vortex and spin down 

each tube. 
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After drying, the samples can be stored at room temperature overnight, or at -20ºC for a 

longer period of time. 

 

2. Pool the libraries together (maximum of 12 libraries on the same pool), by adding 

500 ng of each library into a 1.5 mL low-binding tube.  

Note: The volume of each library will be adjusted depending on the DNA 

concentration obtained for each library on Section 7.2.   

3. Add 5 µL of Cot-1 DNA to the tube. 

4. Add 2 µL of Blockers to the tube and vortex.  

5. Dry the liquid in the tube with a vacuum centrifuge at 70ªC. We recommend using 

the SpeedVac System from ThermoFisher.  

 

 

 

6. Allow the Hybridisation Buffer, Hybridisation Buffer Enhancer, Probes and the Wash 

buffers to thaw at room temperature.  

Note: Inspect the Hybridisation Buffer for crystallisation of salts. If crystals are 

present, heat up the tube at 65°C, shaking intermittently, until the buffer is 

completely solubilised; this may require heating for several hours.  

7. Add the volumes specified in the table into a fresh 1.5 mL tube and scale up 

according to the number of samples. It is recommended to add an extra 10% of each 

reagent:  

Reagent Volume per reaction 

Hybridisation Buffer 8.5 µL 

Hybridisation Buffer 

Enhancer 
2.7 µL 

Probes 4 µL 

Nuclease-free water 1.8 µL 
 

 

 

8. Dispense 17 µL into each tube containing the pool of libraries (DNA pellet) and 

pipette up and down to mix thoroughly.   

9. Incubate at room temperature for 5–10 min. 

10. Vortex and spin down. 

11. Transfer the entire volume in a fresh low-binding 0.2 mL tube, place the tubes in 
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the thermal cycler and set up the following PCR programme: 

 

Set pre-heated lid to 100°C 

 

 

 

 

 

 

 

 

 

7.3.2 Preparation of the Wash Buffers and Streptavidin beads  

 

Reagents needed for this step: 
 

  

Reagent Tube colour Storage 

Beads Wash Buffer Blue disk -20ºC 

Wash Buffer I Blue disk -20ºC 

Wash Buffer II Blue disk -20ºC 

Wash Buffer III Blue disk -20ºC 

Wash Buffer IV Blue disk -20ºC 

Streptavidin Beads Glass tube     4ºC 

 

1. Allow the Wash buffers to thaw at room temperature and equilibrate the 

Streptavidin beads at room temperature.  

2. For each capture reaction, prepare sufficient Wash Buffers according to the dilution 

table below to prepare a 1X working solution as follows:  

 

 

 

 
 

Temperature Time Cycles 

95ºC 30 seconds 1 

65ºC 4 hours 1 

65ºC  1 

 Table 5.  Optimal PCR programme for SimpliAmpTM Thermal Cycler (ThermoFisher Scientific) 
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* If needed, heat on a water bath at 65ºC to solubilise the precipitate.  

Note: The Wash Buffers (1X) are stable for 4 weeks at room temperature. 

3. Incubate the 50 µL Streptavidin beads per reaction in a fresh 1.5 mL low-binding 

tube at room temperature for 30 minutes before use. 

4. Add the required volumes of the reagents to a 1.5 mL tube and scale up according 

to the number of reactions. It is recommended to perform the calculations adding 

sufficient reagents to analyse one more sample, or to add 10% more of each of the 

reagents.  

Reagent Volume per reaction 

Hybridisation Buffer 8.5 µL 

Hybridisation Buffer Enhancer 2.7 µL 

Nuclease-free Water 5.8 µL 

Note: This mix is stable at room temperature until use. 

5. Mix the beads thoroughly by vortexing for 15 sec. 

6. Add 50 µL of Strepavidin beads to a fresh 1.5 mL low-binding tube.  

7. Add 100 µL of Beads Wash Buffer (1X) to the tube with the beads and 

mix by pipetting the solution up and down 10 times. 

8. Place the tube containing the magnetic beads on a magnetic stand and allow the 

beads to fully separate from the supernatant (approximately 1 min). 

9. Remove and discard the clear supernatant, ensuring that the beads remain in 

the well. 

10. Repeat steps 7-9 of this protocol two times more. 

11. Resuspend the beads in 17 µL of the mix prepared in 7.3.2 (Step 4) of this section. 

Reagent 

Volume of concentrated 

buffer  (µL) 

Volume of nuclease 

free water (µL) 

Beads Wash buffer 160 µL 160 µL 

Wash Buffer I* 29 µL 261 µL 

Wash Buffer II 34 µL 306 µL 

Wash Buffer III 16 µL 144 µL 

Wash Buffer IV 16 µL 144 µL 
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Then vortex and spin down.  

7.3.3 Strepavidin beads capture 

 

1. Set up the water bath at 65ºC and incubate 120 µL of Wash Buffer I (1X) and 320µL 

Wash Buffer II (1X) divided into two different tubes (160 µL per tube), for at least 15 

minutes before use. 

2. After the 4 hour hybridisation incubation is complete, take the library pool from 

the thermal cycler and set it to 65ºC (indefinite time), with the lid heated at 70ºC. 

This incubation programme will be used to incubate the beads with the sample from 

7.3.3 (Step 4). 

3. Transfer the 17 µL of streptavidin-conjugated magnetic beads from 7.3.2 (Step 11) to 

the sample tube and vortex. 

4. Incubate for 45 minutes at 65ºC (with heated lid at 70ºC, as indicated in Step 2). 

Note: It is safe to place the sample in the thermal cycler before the 

lid temperature has fully cooled to 70°C when starting the incubation.  

5. During the incubation, gently vortex the samples every 10 to 12 min.  

 

7.3.4 Uncaptured DNA Wash 

 

1. Take the samples from the thermal cycler and dispense 100 µL of heated 

Wash Buffer 1 (1X) into each library pool and pipette the mix up and down 10 times 

careful to prevent bubbles from forming. 

2. Transfer the total volume in a fresh low-binding 1.5 mL tube. 

3. Place the sample on the magnetic stand for 1 min to separate the beads from the 

uncaptured DNA dissolved in the supernatant.  

4. Discard the supernatant with the uncaptured DNA. 

5. Remove the library pool tubes from the magnetic rack. 

6. Add 150 µL of heated Wash Buffer II (1X) to each library pool and pipette the mix 

10 times careful to prevent bubbles from forming. 

7. Incubate for 5 min at 65ºC using the thermal cycler. 



 

 

 

 

Rev.9. 14/05/2021                               Page 29 of 45 

8. Place the library pools on the magnetic rack for 1 min. 

9. Discard the supernatant. 

10. Repeat steps 6 to 9. 

11. Add 150 µL of Wash Buffer I (1X) at room temperature to the library pools. 

12. Incubate for 2 min while alternating between 30 seconds vortexing and 30 seconds 

standing at room temperature to ensure the mixture remains homogenous. 

13. Spin down. 

14. Place the sample on the magnetic rack for 1 min, or until the supernatant is clear. 

15. Discard the supernatant and remove the tubes from the magnetic rack. 

16. Add 150 µL of Wash Buffer III (1X) equilibrated at room temperature to the library 

pool. 

17. Incubate for 2 min while alternating between vortexing for 30 sec and resting for 

30 sec, to ensure the mixture remains homogenous. 

18. Spin down. 

19. Place the sample on the magnetic rack for 1 min, or until the supernatant is clear. 

20. Discard the supernatant. 

21. Add 150 µL of Wash Buffer IV (1X) at room temperature to the library pool. 

22. Incubate for 2 min while alternating between vortexing for 30 sec and resting for 

30 sec, to ensure the mixture remains homogenous. 

23. Spin down. 

24. Place the sample on the magnetic rack for 1 min, or until the supernatant is clear. 

25. Discard the supernatant and with the sample plate still on the magnet, use fresh 

pipette tips to ensure that all residual Wash Buffer IV has been removed, then 

remove the tubes from the magnetic rack. 

26. Add 20 µL of nuclease-free Water to each tube and pipette the mix up and down 

10 times to resuspend the beads.   

7.3.5 Post-capture PCR Enrichment 

Reagents needed for this step: 
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After the PCR, the enriched DNA libraries can be stored overnight at 4ºC. 

  

Reagent Tube colour Storage 

Enrichment PCR Master Mix White disk -20ºC 

Amplification Primer Black disk -20ºC 

 

1. Add the required volumes of the reagents listed in the table below to a low-binding 

0.2 mL tube: 

Reagent 

Volume per 

reaction 

Enrichment PCR Master Mix 25 µL 

Amplification Primer Cocktail 1.25 µL 

Nuclease-free water 3.75 µL 

Magnetic bead captured-DNA 20 µL 
 

2. Vortex and spin the 0.2 mL tubes.  

3. Perform the following PCR programme: 

Set pre-heated lid at 105°C 

 

 

 

 

 

 

 

Temperature Time Cycles 

98ºC 45 seconds 1 

98ºC 15 seconds 

10 60ºC 30 seconds 

72ºC 30 seconds 

72ºC 1 minute 1 

4ºC  1 

 Table 6.  Optimal PCR programme for SimpliAmpTM Thermal Cycler (ThermoFisher Scientific) 
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7.3.6 Purification post-capture of PCR fragments 

 

Reagents needed for this step: 

  

Reagent Tube colour Storage 

Elution Buffer Green disk 4ºC 

  

 
 

Ensure that the AMPure XP beads (75 µL per reaction) and the Elution Buffer (22 µL 

per reaction) have been equilibrated to room temperature for at least 30 minutes 

before proceeding. Prepare fresh 80% ethanol (250 µL per sample). 

 

1. Transfer all the sample volume in a low-bind 1,5 mL tube. 

2. Add 75 µL of AMPure XP beads to each amplified capture. 

3. Pipet the mix 10 times to resuspend the beads. 

4. Incubate for 5 minutes at room temperature. 

5. Place the tubes on the magnet until the supernatant is clear (2 min). 

6. Remove the supernatant without disturbing the beads. 

7. While keeping the plate on the magnetic rack, add 125 µL of 80% ethanol, 

then 

incubate for 1 min at room temperature. 

8. Once the supernatant is clear, discard the supernatant 

9. Repeat steps 7 and 8. 

10. Allow the beads to air dry for 1 to 3 min.  

Note: Careful to not over dry the beads. 

11. Remove the tube from the magnetic rack and elute in 22 µL of Elution 

Buffer. Mix thoroughly by vortexing to homogenise the mixture. 

12. Incubate for 5 min at room temperature. 

13. Place the tubes on the magnetic rack until the supernatant is clear 

(approximately 2 min). 



 

 

 

 

Rev.9. 14/05/2021                               Page 32 of 45 

At this stage, purified PCR fragments may be stored at – 20ºC for up to 1 

week.  

14. Transfer 20 µL of eluate into a fresh low-binding 1.5 mL tube making sure 

that no beads are carried over. 

 

 

 

 

 

7.4 Library validation and quantification  

 

To quantify the concentration of the DNA library the use of QubitR 2.0 fluorimeter 

is recommended. Invitrogen Commercial references: Qubit ds DNA HS Assay kit (Ref: 

Q32854) and QubitTM assay tubes (Ref: Q32856). Expected concentration is 2-5 ng/µL. 

Optional: Confirm the expected average fragment length of the captured library using 

Tapestation 2200 And Agilent Technologies commercial references: D1000 reagents (Ref: 5067-

5583) and D1000 ScreenTape (Ref: 5067-5582). The expected average size of the capture 

library is 260-320 bp. as the following image shows. If the library size is different from the 

expected size, review the protocol to ensure the specific steps were completed correctly or 

contact the technical support.  

 

 

 

 

 

 

 

Figure 2. Expected size of the post-capture libraries using a Tapestation 2200 (Agilent Technologies). 

The library concentration is calculated from the following formula, using the DNA 

concentration value and average library size: 

      𝐿𝑖𝑏𝑟𝑎𝑟𝑦 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑛𝑀) =  (𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (
𝑛𝑔

µ𝐿⁄ ) ∙
1500

𝑆𝑖𝑧𝑒 (𝑏𝑝)
 ) 

 

If a digital electrophoresis system, like the TapeStation, is not used to determine 

the library concentration, then the average size (296 bp) obtained during the 
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validation of Hereditary OncoKitDx (without index) can be used to calculate the 

library concentration.  

 

7.5 Sample Sheet creation 

 

The Sample Sheet can be generated using the Illumina Experiment Manager software 

according to the following protocol:   

1. Open the programme and select Create Sample Sheet. 

2. Select the option Miseq>Next (or the equipment used). 

3. Select Other>FASTQ Only>Next. 

4. Fill in the fields in blanck: Reagent Cartridge Barcode, Library Prep Workflow 

(Truseq DNA Exome Enrichment), Index Adaptors (TruSeq DNA Single 

Indexes (A,B)), Index Reads (1 Single), Experiment Name, Investigator Name 

and Description. The remaining fields should appear as in the image shown 

below: 

Figure 3. Screenshot of the Illumina Experiment Manager Software. 

 

5. Select Next. 

6. On the following screen, add a row for each sample included in the assay 

(selecting Add Blank Row), and fill in the fields for each sample accordingly: 
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Note: Sample names must not contain dashes.  

 

 

Figure 4. Identification of the samples included in the Sample Sheet 

 

7. Finally, select Finish. 

8. The option to save the Sample Sheet created will pop up as Save as .csv. 

 

7.6 Library denaturation and library loading protocol  

 

Prior to loading the library on the Illumina MiSeq, the libraries need to be denatured 

according to the following protocol:   

1. Thaw the HT1 reagent (included in the Illumina reagent kit used for 

sequencing. For example: MiSeq Reagents Micro Kit v2 (300 cycles). Ref: MS-

103-1002) and keep on ice until needed. 

2. Thaw the PhiX control and keep on ice until needed. The PhiX control must 

be denatured and diluted to 12.5 pM (follow the PhiX Control v3 denaturing 

protocol provided in the Illumina manual). 

3. Dilute each library to a concentration of 4 nM using the Elution Buffer 

reagent. 

4. Add all the libraries together that will be loaded onto the same run (samples 

with different indexes) in a single pool. For this, add 10 µL of each one of 

them into a fresh 1.5 mL tube. Vortex and spin down. 

5. Add 5 µL of the pooled libraries to a 1.5 mL tube. Then add 5 µL of NaOH 

0.2N (not provided with the kit). Vortex and spin down. 

6. Incubate for 5 minutes at room temperature. 

7. Add 990 µL of HT1 reagent and vortex. The library has a concentration of 20 
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pM. 

8. Add 300 µL of the library at 20 pM and 300 µL of HT1 reagent into a new 

tube and vortex. The library has a concentration of 10 pM. 

9. Add 10 µL of denatured PhiX control diluted to 12.5 pM, as indicated on Step 

2. 

10. Load the total volume contained in the 1.5 mL tube onto the sample loading 

reservoir on the cartridge. 

The following table specifies the maximum recommended number of samples per 

run (depending on the sequencing kit used) to guarantee a minimum number of 

approximately 350.000 clusters per sample, and a minimum depth of 50x. 

 

 

The Hereditary OncoKitDx (without index) libraries can be loaded with other 

libraries, as long as they have been tagged with unique 6-nucleotide indexes. 

Optimal sequencing cluster density is 1000-1200 clusters/mm2. 

Once the Sample Sheet is created and the libraries are denatured, follow the 

sequencer protocol to start the sequencing process (Miseq Control Software).  

8 Results Analysis 
 

The bioinformatics analysis is performed using an analytical pipeline specifically 

designed for the Hereditary OncoKitDx (without index), which can be accessed 

through the Data Genomics platform.  

Data Genomics can be accessed here: www.imegen.es/datagenomics. 

 

The analytical tool analyses the samples and generates results files resulting from 

the bioinformatics analysis.  

 

MiSeq Reagents Kit Maximum no. of samples 

MiSeq Reagents Kit v2 (300 ciclos). Ref: MS-102-2002 24 

Table 7. Recommended number of samples analised with the MiSeq platform. 

http://www.imegen.es/datagenomics
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8.1 Analysis Request  

 

1. Select Import SampleSheet from the main screen (request screen) to request the 

analysis of the sample. This will redirect you to the import file tab (image shown 

below) where you will be requested to import the fastq files associated to the 

samples that have been captured together, that is, of the same batch. 

2. Once your files have been uploaded, select the samples, identify the sequencing 

run with a name, select the study method (Hereditary OncoKitDx, in this case), and 

the STID (Sample Tracking ID) used with each sample, or select "does not contain" 

if no STID have been used. Subsequently, select the samples you wish to analyse. 

3. To send the request, select Process at the bottom of the screen. Then the request 

in progress has been completed the following message will pop up: ✓ The files have 

been imported successfully. 

 

Figure 5.  Screenshot of the tool to load the fastq and the sample sheet to request the analysis. 

 

8.2 Analysis Request Management 

 

The analyses submitted to Data Genomics will be displayed on the Orders window, 

along with their status (In bioinformatic process, Pending, In review, Finished, 

Cancelled), modality and sample name.  

Click on the “Sample name” to access the window where the user may add and save 
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specific information associated to the sample, such as type of sample, reception 

date, clinical indications, comments and so on. 

To download data resulting from the bioinformatics analysis, select the Show results 

tab under Request: Bioinformatics section to enter the Workspace. From here, the 

user will be able to download the following documents: analysis of the ALU regions, 

alignment files (bam and bai), variant list (vcf), and other files with information 

according to coverage, callability and a quality control values associated to the 

sequencing assay. 

The parameters taken into account in the different generated files of the sequencing, 

for a sample to pass the bioinformatic quality control established for the Hereditary 

OncoKitDx assay are: 

▪ FASTQ: The established acceptance criteria are detailed in the Data Genomics 

instructions for use, available at: www.imegen.es/datagenomics. 

▪ BAMs: 

▪ On-target (%): 

▪ Fail: < 60 

▪ Warn: 60-67 

▪ Pass: > 67 

▪ Duplicados (%) 

▪ Pass: < 25 

▪ Warn: 25 - 35    

▪ Fail: > 35 

▪ DP50 (%)  

▪ Fail: < 90 

▪ Warn: 90-98.5    

▪ Pass: > 98.5 

▪ STIDs: Check that the obtained traceability reagent matches the expected 

one (if it has been used), as shown in figure 6. 

In the event that the sequencing data do not pass the quality controls established, 

or that the tracking reagent does not match the expected one, an alert will be 

displayed once the “Bioinformatics” tab once the analysis is completed. Clicking on 
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the alert icon will download the quality control report . 

In the Hereditary OncoKitDx, the VCF files are not taken into account for quality 

control, since the panel is too small to be representative and constant. 

 

Figure 6. Quality control performed on the sample tracking system. 

 

To analyse the CNV results select the Show results option from the “Request: CNV” 

tab to access the Workspace and download documentation including the CNV raw 

data (tsv) and a zip file containing the images resulting from the CNVs (Figure 7). 

 

In the Request: Filtering option five tabs enable the user to visualise and filter the 

single polymorphism variants and small insertions and deletions (Tab “Variants”), 

the analysis of CNVs (Tab “CNV”), the analysis of ALUs (Tab “Alu”), and seeing 

information related to coverage (“Coverage” tab) and related to gaps (“Gap” tab). 

From these tabs, different filters could be applied and the variants selected to be 

included in the results report. 
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8.3 Analysis of Copy Number Variation (CNV)  

 

The analysis of chromosomal rearrangements or CNVs from NGS sequencing data 

consists of a correlation between the numbers of standardised reads in a given 

region relative to the number of copies of DNA for that region. Therefore, since the 

number of reads must be standardised between different samples, any variability 

between samples might interfere with the identification of CNVs. 

 

 

For the correct CNV calculation, it is essential to standardise the experimental 

conditions between different samples, and between different regions of the genome 

within the same sample. To reduce variability and ensure the correct analysis of 

CNVs, the following recommendations are suggested: 

1. Homogenise the protocols followed during the library preparation and 

capture. To minimise variation, all samples should be processed 

simultaneously, using the same reagents, equipment, and loading the samples 

in the same sequencing run following the indications specified in Section 7 

of this document.  

2. The DNA sample is a source of variability. Thus, it is advised that all DNA 

samples analysed are extracted following the same extraction protocols. 

Data Genomics integrates an alert system to notify the user about the reliability of 

the results based on the quality parameters of the sample. According to these 

parameters the results will be considered reliable (High confidence), with 

intermediate credibility (Medium confidence) or with low credibility (Low 

 

Figure 7. Representation of the coverage profile of the sample (purple line) with respect to the reference (grey area) 

or versus the samples of the same batch. 
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confidence). The parameters taken into account are the following: similarity with 

the reference samples, z-score and ratio, average coverage, number of reference 

samples selected for the analysis, uniformity between the samples of the same 

batch samples and the number of CNVs detected before variant filtering. 

Regarding the result of CNVs, the PASS variants will be displayed by default. These 

will be the good quality variants, which have a p-value ≤0.005 and a ratio ≤0.7 or 

≥1.3. In the filters section the user can choose the option to show also No Pass 

variants. 

If the analysis of CNVs could not be carried out, an alert will appear in Data 

Genomics indicating the reason. 

From the workspace, a file with the list of CNVs detected during the analysis will 

be available to download it and from the filtering tool and specifically in the CNVs 

tab, the dynamic graphic representation (Figure 7) of the sample coverage profiles 

can be accessed against reference samples or the same batch samples, for all genes 

and NMs of each gene. This chart allows zooming in the areas of interest and 

visualizing the SNPs and INDELs as well as the regions of homology conflict with 

pseudogenes (orange area). 

If a positive result is found, or the quality of the sample is suboptimal, we 

recommend confirming the results using an alternative technique, such as MLPA or 

digital PCR. 

8.4 Analysis of ALU and other large insertions 

 

 The bioinformatics pipeline generates a report summarising the findings of large 

insertions, which can be downloaded from the Download tab. An example of the 

information available for the analysis of large insertions is shown in the table below.  

  

Table 8. Results of the analysis of large insertions 

 

Note: These regions can interfere with the capture process, and therefore, show low allele 

frequency (>9%). 

CHR POSITION 

GENE 

NAME ALLELE DEPTH TOTAL DEPTH 

ALLELE 

FRACTION 

13 32893302 BRCA2 19 174 0.11 
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8.5 Variant analysis 

 

The Filtering displays a scroll down list including all the bioinformatics analysis 

available to the sample of interest. Multiple analyses might be applied to the same 

sample, each implementing a particular array of filters.  

Once within the Variants view tab, the user will visualise a list of the variants detected 

along the 50 genes analised. Multiple filters can be applied to visualise the results 

according to the parameters of interest.  

 

Figure 8. Screenshot of the variant visualising tool from DataGenomics 

 

▪ The Filters tool allows you to filter the data according to the parameters of 

interest. The filters selected will be saved by default. 

▪ The Category allows the user to establish the pathogenicity of each variant 

according to five levels of pathogenicity. This information assigned to each 

variant will be savers in the user’s account for future analysis. 

▪ The Actions tab enables the user to visualise the full sequence and 

chromosome location of each variant in the IGV browser.  

▪ DataGenomics computes the allelic frequency of each variant detected in the 

analysis. The frequency of each variant will be displayed in the Variants view 

screen according to the following calculation: 

o Own Frq: Allelic frequency of the variant in the user’ sample.  
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o Own Frac Freq: Ratio between the number of occurrences of the variant 

and the total number of samples in which this region has been analysed. 

▪ A report of the filtered variants can be generated for each sample, in either a 

csv or pdf file. These reports will be saved along with the rest of the 

information associated with each sample 

If more information regarding the bioinformatics analysis is needed, the DataGenomics 

manual can be downloaded from www.imegen.es/datagenomics. 

NGS technology is not yet considered the “gold standard” technique for some type of 

mutations, so it is recommended, whenever possible, to confirm the positive results 

through a complementary and standardised technology. 

 

 

9 Troubleshooting 

 

A list of the potential unexpected results occurred throughout the amplification and 

sequencing protocol of the Hereditary OncoKitDx (without index) is included below. 

▪ Library concentration too low: The capture requires 500 ng of library. If 

insufficient DNA is obtained, we recommend to quantify the libraries using 

Tapestation 2200, with the Agilent Technologies commercial kits: High 

Sensitivity D1000 (Ref: 5067-5585) and High Sensitivity D1000 ScreenTape 

(Ref: 5067-5584) (Figure 2).  

o If the average size of the library is as expected, (ranging between 260-

320 bp), we recommend to repeat the library preparation, confirm the 

quality and quantity of the DNA is sufficient and check the amplification 

PCR set up. 

o If multiple peaks are detected using the TapeStation, review the protocol 

regarding the DNA fragmentation, ligation, amplification and purification. 

Also, confirm the DNA quality is optimal. 

▪ Library concentration too high after hybridisation and capture: The expected 

library concentration should be 2-5 ng/µL after the capture. Higher 

http://www.imegen.es/datagenomics
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concentrations could be caused by greater unspecific capture of off-target 

regions. We recommend reviewing the hybridisation and capturing protocols. 

▪ Cluster density different than expected: Repeat the library DNA quantification 

and review the pool generation protocol prior to sequencing.  

▪ The sample has not passed the quality controls established: In this case, it is 

recommended to analyse the libraries with the TapeStation 2200. 

o If the result is similar to that shown in Figure 2, we recommend reviewing 

the denaturation procedure and the sequencer loading protocol. 

o If multiple peaks are detected using the TapeStation, review the protocol 

regarding the DNA fragmentation, ligation, amplification and purification. 

Also, confirm the DNA quality is optimal. 

▪ Errors in the STIDs: When using the sample tracking reagents supplied by 

imegen it is possible that the STID will not match the expected one. If this 

occurred, check that the STIDs specified in the Sample Sheet are correct. 

▪ Coverage too low: Low coverage can be caused by low DNA quality or issues 

occurred during the preparation and/or capture of the library. We recommend 

to check the DNA quality, but if the problem affects all the samples, review 

thoroughly the whole protocol. 

10 Limitations 
 

10.1 Analytical 

This study allows to detect all clinically relevant variants within the genes analysed 

(listed in Section 2 of this document). However, the technology used does not allow 

to discriminate between regions that have a high homology in their sequence, such 

as homologous genes, pseudogenes, etc., or detect large insertions / deletions, which 

may lead to false positives or negatives. 

The specific pseudogenic regions are those listed below. 
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Chromosome Start End Gene Exon Reference sequence 

1 161332131 161332355 SDHC EX6 NM_003001 

3 178937332 178937442 PIK3CA EX12 NM_006218 

3 178937731 178937865 PIK3CA EX13 NM_006218 

5 251426 251538 SDHA EX13 NM_004168 

5 254481 254646 SDHA EX13 NM_004168 

7 6013003 6013198 PMS2 EX15 NM_000535 

7 6017192 6017342 PMS2 EX14 NM_000535 

7 6018220 6018352 PMS2 EX13 NM_000535 

7 6022428 6022647 PMS2 EX12 NM_000535 

7 6027163 6027276 PMS2 EX11 NM_000535 

10 88676896 88677081 BMPR1A EX9 NM_004329 

10 88683478 88683501 BMPR1A EX13 NM_004329 

22 29091215 29091255 CHEK2 EX12 NM_007194 

Tabla 9. List of pseudogennic regions 

Due to the significant homology between the PMS2 gene and its pseudogenes, 

exons 11 to 15 will not be included in the CNV analysis.  

 

10.2 Equipments  
 

Hereditary OncoKitDx (without index) has been validated using the following PCR 

Thermal Cycler: 

 

▪ SimpliAmp Thermal Cycler (ThermoFisher Scientific) 
 

If a different thermal cycler is used, you may need to adjust the amplification 

programme.  

Hereditary OncoKitDx (without index) has been validated using the following high-

throughput sequencing platform: 

 

▪ MiSeq System (Illumina) 

 

This kit is only compatible with Illumina high-throughput sequencing platforms. 

Should high-throughput sequencing equipment other than the MiSeq system be 

used, the final concentration of the libraries will have to be adjusted to the protocol 

specifications for these platforms.  
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Please contact our technical support team for any query or clarification. 

 

10.3 Reagents  
 

Hereditary OncoKitDx (without index) has been validated using the reagents 

included in the kit and those recommended in Section 6 of this manual (Equipment 

and materials that are not supplied). 

 

For NGS sequencing, it is recommended to use the reagents recommended by the 

sequencer supplier: Illumina. 

 

If in doubt, please contact our technical support team. 

 

10.4 Bioinformatic analysis platform   
 

Hereditary OncoKitDx (without index) has been validated using Data Genomics, a 

bioinformatic analysis platform for in vitro diagnosis. This platform includes an 

analysis pipeline specially designed for Hereditary OncoKitDx (without index), which 

allows the detection of all the targets specified in section 2 of this document. 

 

In case of using another analysis platform, Imegen is not responsible for the obtained 

results. 

 

10.5 Product stability 
 

The optimal performance for this product is ensured within the recommended shelf 

life of each batch as long as the recommended storage conditions specified are 

maintained. 


