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1. Introduction 

A brief introduction to the Naica™ System  

The Naica System is a digital PCR platform launched in 2016 and consists of the 

Naica™ Geode and the Naica™ Prism3 instruments, as well as Crystal Reader and 

Crystal Miner software applications and a single consumable, the Sapphire chip. The 

features of the Naica System include, but are not limited to, compatibility with a wide 

range of fluorophores (FAM, Yakima Yellow, Cy3, HEX, ROX, Cy5, etc.), shortest time 

to result (2h 30 min), easy data visualisation and interpretation, and user-friendly 

workflow. The Sapphire chip, engineered using microfluidic technology, consists of four 

microfluidic wells where the PCR reaction sample is divided into up to 30,000 distinct 

partitions, called droplets, arranged in a monodispersed stable and homogenous 

crystal layer. This partitioning takes place in the Naica Geode. The number of nucleic 

acid molecules encapsulated in a droplet follows a Poisson law distribution (see here 

for Poisson Law), resulting in zero, one or more target molecules per droplet. The 

utilization of Poisson law for digital PCR is based on the critical assumption that all 

droplets are homogenous and monodispersed (Pinheiro and Emslie 2018). The 

Sapphire chips are then imaged by the Naica Prism3 and Crystal Reader software and 

further analysed using the Crystal Miner software for an easy-to-assess, transparent 

data output. The Naica System provides automated data processing and the possibility 

for manual adjustment pertaining to droplet detection and fluorescence thresholding. 

A descriptive visual of the steps involved in Crystal Digital PCR using the Naica System 

is available here: https://youtu.be/YYDhRCIPHNk. For a brief overview of the principle 

of digital PCR and its applications, please see this video:  

https://youtu.be/Qqdmw3wvMFo. 

https://www.gene-pi.com/item/poisson/
https://youtu.be/YYDhRCIPHNk
https://youtu.be/Qqdmw3wvMFo
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The Crystal Miner software is intuitive and has a user-friendly interface, allowing users 

to dynamically visualise droplets in both crystal images and fluorescence dot-plots 

including 1-3 dimensional graphs. The image processing algorithms include a neural 

network that automatically excludes artefacts and non-homogenous droplets in crystal 

images with high reliability. The software also empowers users to accurately analyse 

the data using adapted statistical methods. 

 

The currently available digital PCR system is the 3-colour Naica System that can detect 

targets in 3-colour channels and can be easily adapted to various digital PCR 

applications (Figure 1). A prototype of the Naica System that has the capacity to detect 

targets in 6-colours was successfully used in a proof-of-concept study for the 

identification of Epidermal Growth Factor Receptor (EGFR) sensitizing and resistance 

mutations in non-small cell lung cancer (NSCLC) patients (Madic et al. 2019). The 

Naica System 6-colour solution will be launched soon.  

 

Figure 1. The commercially available Naica System, composed of the Naica Geode, the Naica 

Prism3 and the Sapphire chips 
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Figure 2. A) The Naica Prism3, a fluorescence reader for crystal droplets, and B) The three 

detection channels for targets and a few examples of the fluorophores that can be used. 

 

Introduction to Naica System applications  

Crystal Digital PCR has many advantages over traditional qPCR, including the lack of 

reliance on a standard curve, the user-friendliness, as well as robust and specific 

detection of rare events in a high background of wild-type (WT) DNA. 

 

The Naica System has been optimized for applications in a wide range of nucleic acid 

quantification and analyses such as molecular and clinical oncology, molecular 

diagnostics, gene therapy, epigenetics, food safety monitoring, environmental testing, 

microbial ecology, and infectious diseases. The potential applications include copy 

number variation, rare event detection, gene editing, whole genome amplification, 

droplet recovery for downstream applications, NGS library quantification and NGS 

result validation.  

 

One of the most useful applications of the Naica System is for accurately detecting rare 

events/mutations in various cancer types. In the case of NSCLC, EGFR activating and 

resistance mutations comprise the most prevalent mutations. Three and six-colour 

multiplex assays were designed to detect multiple mutations in a single assay, allowing 
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to rapidly predict patient responses for standard therapy (tyrosine kinase inhibitors). 

Using a three-colour multiplexing assay, activating L585R, L861Q and multiple EGFR 

exon 19 alterations, together with the T790M resistance mutation and EGFR WT DNA 

in circulating tumour DNA (ctDNA) NSCLC patient samples were detected using two 

multiplex assays. The assay design and results are described in detail here: 

https://www.stillatechnologies.com/color-crystal-tm-digital-pcr-assays-for-egfr-

mutation-detection/. Furthermore, using 6-colour multiplexing, a single assay was 

designed and validated to detect the 19 most prevalent sensitizing and resistance 

EGFR mutations, simultaneously quantifying five sensitizing mutations, 12 indels in 

exon 19, two resistance mutations and an internal amplification control in tumour tissue 

and cell-free DNA (cfDNA) from NSCLC patients. To simultaneously detect the 12 most 

prevalent EGFR exon 19 alterations using only two probes, a drop-off assay composed 

of a drop-off probe spanning the genomic EGFR mutation hotspot and a reference 

probe spanning an adjacent EGFR WT genomic region was employed. For more 

details, please see https://www.ncbi.nlm.nih.gov/pubmed/30647840 (Madic et al. 

2019). 

 

Drop-off assays to detect the most prevalent colorectal carcinoma, NRAS and KRAS 

proto-oncogene mutations were also developed. The employment of a single amplicon 

and a limited number of probes to detect any genetic alteration occurring in a short 

genomic interval allows a rapid and a cost-efficient screening compared to 

conventional assays that would require many more probes to be designed and 

optimized. The drop-off assay is especially beneficial for sensitive and robust 

screening and therapeutic monitoring of clinical samples. The design and results of 

these three different drop-off assays are described here:  

https://www.stillatechnologies.com/drop-off-crystal-dpcr-nras-kras-egfr-mutations/.  

 

A complementary technical note detailing the use of the proprietary Crystal Miner 

software for the analysis of drop-off assays and a step-by-step guide for drop-off 

quantification can be found here: https://www.stillatechnologies.com/how-to-quantify-

drop-off-digital-pcr-assays-with-crystal-miner/ 

 

Another advantage of digital PCR over traditional qPCR is that it is less sensitive to the 

presence of substances naturally present in sample extracts that can inhibit a PCR 

https://www.stillatechnologies.com/color-crystal-tm-digital-pcr-assays-for-egfr-mutation-detection/
https://www.stillatechnologies.com/color-crystal-tm-digital-pcr-assays-for-egfr-mutation-detection/
https://www.ncbi.nlm.nih.gov/pubmed/30647840
https://www.stillatechnologies.com/drop-off-crystal-dpcr-nras-kras-egfr-mutations/
https://www.stillatechnologies.com/how-to-quantify-drop-off-digital-pcr-assays-with-crystal-miner/
https://www.stillatechnologies.com/how-to-quantify-drop-off-digital-pcr-assays-with-crystal-miner/
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reaction. Indeed, many chemicals and substances can act as inhibitors in PCR-based 

reactions, which may be co-purified with the sample DNA and interfere with the PCR 

reaction. The presence of inhibitors in a sample can be a limiting factor in obtaining 

accurate or reliable results using qPCR. By quantifying and comparing the effect of two 

commonly detected inhibitor molecules, Humic Acid (found in soil samples) and 

Heparin (often used as a blood anticoagulant), in qPCR vs Crystal Digital PCR assays, 

it was observed that digital PCR could withstand up to twice the concentration of the 

inhibitors in the reaction mix as compared to qPCR. For details of the experimental 

results and more information, see here:  https://www.stillatechnologies.com/effect-of-

inhibitors-crystal-dpcr-vs-qpcr/ 

 

In addition to being compatible with TaqMan™ based PCR detection assays, Crystal 

Digital PCR is compatible with the use of cham® dye, an inert, non-toxic DNA-binding 

dye that becomes highly fluorescent when bound to double-stranded DNA (dsDNA) in 

a sequence-independent manner. EvaGreen offers the advantage of cost-effective 

probe-less detection using sequence-specific primers. EvaGreen dye can be used with 

Crystal Digital PCR for absolute quantification at a detection sensitivity of 0.2 copies/µl. 

For more information regarding EvaGreen dye compatibility with the Naica System 

see: https://www.stillatechnologies.com/crystal-digital-pcr-using-evagreen/ 

 

To ease the transition and augment the adaptability of Crystal Digital PCR to different 

applications, the Naica System’s droplet recovery feature allows the users to recover 

the droplets for downstream applications such as Next-generation Sequencing (NGS), 

nest PCR and gel electrophoresis. Users can perform an easy-to-follow protocol 

described here for recovering the samples:  

https://www.stillatechnologies.com/droplet-recovery-with-crystal-digital-tm-pcr/ 

 

With recent advances in PCR detection technologies, nucleic acid quantification has 

now become a standard technique for genetic testing and analysis. In addition, precise 

and robust genetic testing has opened new frontiers for research and analysis in both 

food and environmental sample quality monitoring fronts. Digital PCR has been 

successfully used for detecting genetically modified crops and the composition of food 

items by several researchers worldwide. A step-by-step detailed tutorial on how to 

accurately quantify the presence of antibiotic resistance in solid organic waste from 

https://www.stillatechnologies.com/effect-of-inhibitors-crystal-dpcr-vs-qpcr/
https://www.stillatechnologies.com/effect-of-inhibitors-crystal-dpcr-vs-qpcr/
https://www.stillatechnologies.com/crystal-digital-pcr-using-evagreen/
https://www.stillatechnologies.com/droplet-recovery-with-crystal-digital-tm-pcr/
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wastewater treatment plants is detailed here: https://www.gene-

pi.com/tutorial/introduction-digital-pcr-using-evagreen-as-a-reporting-dye-2/. Organic 

waste from wastewater treatment plants, such as animal manure and sewage sludge, 

is known to be rich in antibiotic-resistant bacteria and antibiotic resistance genes. The 

utilization of organic waste for fertilization of the soil, thus, is a cause of concern as a 

potential source of infections and resistant genes. In this tutorial, ermB, a gene 

encoding erythromycin resistance, was detected in several organic waste samples that 

had previously been subjected to a cleaning process comprised of composting and 

digestion. A webinar titled “Identification of MRSA using 3-color Crystal Digital PCR” is 

available here: https://www.youtube.com/watch?v=jq-gUpFvhV8&feature=emb_title. 

Watch this webinar to explore how 3-colour Crystal Digital PCR can be employed for 

the detection of methicillin-resistant Straphylococcus aureus (MRSA). 

 

For genetic testing and analysis in clinical settings, the amount of sample available is 

often limiting due primarily to low concentrations of target DNA. Additionally, for liquid 

biopsies (for example a blood draw or urine sample) and formalin-fixed paraffin-

embedded (FFPE) samples, the DNA sample usually consists of a complex mixture of 

fragmented or ctDNA and WT DNA, demanding a highly sensitive quantification 

technique. By combining high sensitivity and the possibility to detect multiple targets in 

a single PCR due to its 3-colour detection technology, the Naica System ensures 

maximum information output from any precious sample. For example, quantification of 

Human Epidermal Growth Factor Receptor 2 (HER2) amplification, resulting from the 

overexpression of the HER2 gene (also known as ERBB2, CD320 and proto-oncogene 

neu) encoding the HER2 receptor, is crucial for anti-HER2 targeted therapy indication 

in breast cancer patients. Current clinical diagnostic methods for HER2 gene 

amplification evaluation in tumour samples are limited to immunohistochemistry (IHC), 

which may be complemented by fluorescence in-situ hybridization (FISH). However, 

these techniques are labour-intensive and prone to inter-observer variability 

(Rodriguez et al. 2016), and so require highly skilled personnel. To simplify the 

identification of HER2 amplification in samples with a low tumoral fraction and render 

it resistant to observer-dependent techniques, a triplex Crystal Digital PCR assay was 

designed for HER2 gene quantification. In addition to reducing hands-on time, this 

assay also allows distinguishing HER2 amplification from polysomy on chromosome 

17, a status that could lead to HER2 status misinterpretation. DNA samples from seven 

https://www.gene-pi.com/tutorial/introduction-digital-pcr-using-evagreen-as-a-reporting-dye-2/
https://www.gene-pi.com/tutorial/introduction-digital-pcr-using-evagreen-as-a-reporting-dye-2/
https://www.youtube.com/watch?v=jq-gUpFvhV8&feature=emb_title
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breast cancer patients were analysed and the results were compared with standard 

diagnostic IHC and FISH procedures. For patients 1-4 and patients 6-7, the HER2 

positive and negative status, respectively, determined by Crystal Digital PCR was 

concordant with the IHC/FISH techniques. Additionally, Crystal Digital PCR detected 

polysomy on chromosome 17 in patient 6. Interestingly, for patient 5 using standard 

diagnostic procedures, amplification of HER2 was detected; however, using Crystal 

Digital PCR the HER2 elevation was attributed to chromosome 17 polysomy, a critical 

factor for the therapeutic consideration of breast cancer patients. Moreover, using this 

method, mutant fractions as low as 2% were detected, corresponding to an HER2/TSN 

(reference gene) normalized ratio of 1.2. Access the application note detailing the 

results described here: https://www.stillatechnologies.com/detection-of-her2-copy-

number-variation-with-crystal-digital-tm-pcr/. Another valuable resource, a webinar, on 

liquid biopsy workflow and therapeutic monitoring by experts is available here: 

https://www.youtube.com/watch?time_continue=3&v=dTUUbfUG6mI&feature=emb_ti

tle 

 

In the following section, we describe the advantages of multi-colour digital detection 

for monitoring common breast cancer mutations in liquid biopsy patient samples. Due 

to factors frequently limiting tumour tissue sampling such as tumour location, size and 

patient health complications, minimally invasive liquid biopsies represent a valuable 

source of ctDNA from which the genomic alterations of a patient’s tumour can be 

determined. Indeed, tumours release nucleic acids (DNA or RNA) into the 

bloodstream, which can be recovered from plasma and used as a surrogate source of 

tumour DNA (C. Jovelet et al. 2016). This valuable source of genetic material requires 

sensitive and precise detection methods to quantify a maximum number of genetic 

alterations. Here, we present the Naica System in both 3-colour and 6-colour detection, 

as a fast and economical solution for reliable and robust quantification of liquid biopsy-

sourced nucleic acid. 

 

 

 

 

2. 6- and 3-colour Crystal Digital PCR assays for screening genomic 

alterations in breast cancer 

https://www.stillatechnologies.com/detection-of-her2-copy-number-variation-with-crystal-digital-tm-pcr/
https://www.stillatechnologies.com/detection-of-her2-copy-number-variation-with-crystal-digital-tm-pcr/
https://www.youtube.com/watch?time_continue=3&v=dTUUbfUG6mI&feature=emb_title
https://www.youtube.com/watch?time_continue=3&v=dTUUbfUG6mI&feature=emb_title
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Breast cancer subtype characterisation 

Breast cancer is the most prevalent cancer among women worldwide with an estimated 

1.6 million cases diagnosed in 2012 and remains a major health problem (Ferlay et al. 

2015). Breast cancer is a heterogeneous disease and can be categorized into various 

subtypes based on the expression of molecular receptors and have different prognosis 

and treatment (Koboldt et al. 2012): 

1. Estrogen receptor-positive (ER+)/progesterone receptor-positive (PR+) breast 

tumours are responsive to endocrine therapies (such as tamoxifen and aromatase 

inhibitors). These types of hormonal therapies have improved patient outcomes in ER+ 

metastatic breast cancer (Kurosky et al. 2018). 

2. HER2 positive (HER2+) breast tumours are characterized by the overexpression of 

the HER2 gene. It is detected in approximately 25–30% of breast cancers and is often 

associated with poor prognosis. Trastuzumab has been shown to be an effective 

treatment for HER2+ breast cancer (Slamon et al. 2011).  

3. Triple-negative tumours, not displaying any of the three- ER, PR, and HER2 within 

the tumour, are associated with high mortality rates and are not responsive to current 

targeted treatment approaches. The gold-standard approach for this subtype of cancer 

is systemic chemotherapy.  

 

In breast cancer, the detection of HER2 amplification in tumour-derived DNA can guide 

the therapeutic care of patients. IHC and FISH are currently the standard methods to 

assess HER2 overexpression. However, nucleic acid quantification technologies, such 

as digital PCR are highly accurate methods to quantify DNA copy number and a robust 

solution for HER2 diagnostics (Page et al. 2011).  

 

With emerging technological advances, digital PCR has become a powerful tool to 

analyse liquid biopsy samples to quantify genetic alterations that can be associated 

with treatment decision and outcome. PI3K/AKT is one of the main pathways involved 

in the oncogenesis of breast cancer. PIK3CA is the gene coding for the enzyme (PI3K) 

playing a role downstream of HER2. Recurrent somatic mutations across all breast 

cancer subtypes were found in PIK3CA (36%) (Weisman et al. 2016). Detecting these 

mutations is important as targeted therapies exist and can improve the patient's 

Progression-Free Survival (PFS) (André et al. 2016). PIK3CA gene mutations are the 
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most frequent events (40%) associated with hormonal therapy resistance in ER+ 

breast cancers. Mutations in PIK3CA generally occur in one of the two hotspot regions 

(exon 9: E545K or E542K, or exon 20: H1047R) (Araki and Miyoshi 2018). The early 

identification of PIK3CA mutations in patients undergoing hormone therapy could help 

better redefine the therapy. Moreover, most of the patients affected by ER+/HER2− 

tumours presented only bone metastases, a metastatic site that is associated with 

difficult pathological and molecular analyses. Detection of ctDNA in liquid biopsies is a 

promising alternative for the global evaluation of all metastatic sites because it 

eliminates invasive biopsy and the specific difficulties of less accessible bone 

metastases.  

 

Early detection of relapse and residual disease 

Collecting serial liquid biopsy samples to achieve longitudinal monitoring of tumour 

burden and tumour genetic heterogeneity is essential to evaluate the efficacy of a 

treatment. Indeed, levels of ctDNA have been shown to correlate with the overall 

survival of breast cancer patients and provide the earliest measurement of treatment 

response (Speicher and Pantel 2014; Yu et al. 2019). For example, a recent study 

examined ctDNA in early-stage before and after therapy and observed drug response 

showed that relative changes in mutated PIK3CA ctDNA levels can be used as a strong 

predictive tool of response to drug therapy (O’Leary et al. 2018) 

 

Liquid biopsies are also emerging tools for the early detection of relapse in breast 

cancer patients. Moreover, minimally invasive ctDNA detection can be used to monitor 

post-operation patients for cfDNA analysis, to search for minimal residual disease 

(MRD) and to estimate the chances of recurrence. Studies have demonstrated that the 

follow-up monitoring of genomic alterations in ctDNA (HER2 amplification, PIK3CA 

mutations) enables physicians to detect relapse months before the detection by other 

follow-up methods including palpable, clinical symptoms and imaging (Olsson et al. 

2015). In these studies, target mutations were first identified by tumour sample 

sequencing followed by ctDNA detection using droplet digital™ PCR (ddPCR™). They 

further used a digital PCR assay for the analysis of PIK3CA mutations in breast cancer 

patients at different stages of the disease (stages I to III). This study stratified the 

subjects into two groups with either high or low levels of ctDNA harbouring PIK3CA 

mutations, and subsequently concluded that a shorter recurrence-free survival was 
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associated with the group with high PIK3CA mutations levels in plasma ctDNA (Oshiro 

et al. 2015). 

 

Multiplex digital PCR assays for screening prevalent genomic alterations in 

breast cancer 

The detection and clinical use of cfDNA have long remained challenging due to the 

complex mixture of a low level of tumour cfDNA and WT cfDNA. Highly robust and 

selective techniques are required to detect reliably mutations of clinical relevance. 

Digital PCR is a proven clinical tool as it combines high sensitivity and absolute 

quantification with a cost-effective short time-to-results. With the ability to partition 

samples into thousands of individual reactions, digital PCR enables superior target 

detection and quantification, allowing the accurate detection of rare mutations in low 

concentration liquid biopsy ctDNA samples (Madic et al. 2019). 

 

Using the 3-colour Naica Crystal Digital PCR platform, a panel was developed for the 

detection of both HER2 amplification and chromosome 17 polysomy in a single PCR. 

Furthermore, using the 6-colour Naica Crystal Digital PCR prototype system, the 

detection of HER2 amplification and chromosome 17 polysomy was combined with the 

simultaneous quantification of the 3 most prevalent PIK3CA mutations in breast cancer 

samples all in a single reaction.  

 

As previously described, the analysis of cfDNA in breast cancer enables the detection 

and monitoring of molecular abnormalities. The 3-colour and 6-colour assays could 

provide reliable early monitoring of treatment response and relapse (before other 

follow-up methods) and detection of resistance mutations. The 6-colour breast cancer 

panel described here in this chapter is the first digital PCR assay that combines both 

HER2 amplification detection and the detection of the main PIK3CA mutations in a 

single assay, maximizing the information output from a single patient sample. 

Together, these genetic abnormalities account for more than 50% of breast cancers 

(Slamon et al. 2011; Weisman et al. 2016). The increased number of detection 

channels with this 6-colour detection platform, combined with the sensitivity of the 

Naica System, and a multiplexing strategy based on clinical needs, advances the 

current limits of tumour genotyping and liquid biopsy-based breast cancer monitoring.  

 



11 
 

 Assay design and performance evaluation 

Design of a 3-colour HER2 digital PCR panel  

A 3-plex digital PCR assay including primers and TaqMan probes was designed to 

detect both HER2 amplification and chromosome 17 polysomy, a distinct condition 

where additional copies of chromosome 17 are present, leading to HER2 status 

misinterpretation. HER2 amplification is measured by calculating the ratio of the 

absolute concentration of the HER2 gene on chromosome 17 over the absolute 

concentration of a reference gene, such as the Translin (TSN) encoding gene located 

on chromosome 2. For chromosome 17 polysomy detection, the ratio of Mitochondrial 

rRNA Methyltransferase 1 (MRM1) encoding gene concentration over TSN 

concentration is also measured. The MRM1 gene is located on chromosome 17 and is 

not affected by HER2 amplification but its copy number varies according to 

chromosome 17 polysomy. Primers for the amplification of HER2, TSN and MRM1 

(Figure 3) were selected to generate short amplicons of less than 100bp to ensure 

detection compatibility in fragmented DNA populations typical of ctDNA extracted from 

plasma or from FFPE tissues. The annealing temperature, number of cycles and 

primers concentrations were chosen to ensure optimal amplification, as scored by the 

distinction between positive and negative partitions, and to avoid nonspecific 

amplifications. TaqMan probes were labelled with a selection of fluorophores 

compatible with the Naica Prism3 detection channels: FAM, Cy3 and Cy5 for HER2, 

MRM1 and TSN genes, respectively (Figure 4). The sensitivity of HER2 copy number 

variation detection was measured on serially diluted samples where human genomic 

DNA was spiked with genomic DNA extracted from the SKBR3 cell line (HER2/TSN 

ratio of 10:1). SKBR3 fractions ranged from 3% to 13% and modelled a theoretical 

range of HER2/TSN ratios from 1.16 to 2.07. Prior to PCR, samples were fragmented 

using restriction endonuclease enzyme to ensure separation of the HER2 copies and 

assayed in triplicate experiments.  

 

Design of a 6-colour Crystal Digital PCR panel for the detection of HER2 amplification 

and PIK3CA point mutations: 

To assemble the 6-colour Crystal Digital PCR panel, the 3-colour Crystal Digital PCR 

assay for the detection of HER2 amplification described above was combined with 

primers and TaqMan probes targeting the most prevalent PIK3CA mutations in breast 

cancer (Figure 3). PIK3CA c.3140A>G (H1047R), c.1624G>A (E542K) and 
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c.1633G>A (E545K). These mutations were detected using two primer pairs 

generating short amplicons (<78bp) and three TaqMan probes labelled with the ROX 

fluorophore. To increase mismatch discrimination, probe length was kept short (<19pb) 

and a Minor Groove Binder (MGB) group was added to their 3’ extremities. The WT 

PIK3CA allele was detected using a 19 base-pair TaqMan-MGB probe labelled with 

the Yakima Yellow fluorophore and targeting the c.3140A position. The remaining 6th 

detection channel was used for the detection of PhiX174 bacteriophage DNA as an 

exogenous internal control using a specific primer pair and an ATTO700 labelled 

TaqMan probe (Figure 3, Figure 4). The sensitivity of HER2 amplification detection was 

evaluated using the 6-colour Crystal Digital PCR panel according to the method 

described above. PIK3CA mutation detection sensitivity was measured on serial 

dilutions of mutant DNAs in a background of WT DNA. The limit of blank (LOB) was 

evaluated by running 30 negative control replicates containing 104 copies of WT 

genomic DNA. For more details about setting the LOB and LOD for digital PCR assays, 

please see https://www.gene-pi.com/item/lob-lod-determination-2/. The decision tree 

to follow to determine the LOB while setting up an experiment can be viewed in this 

technical note: https://www.stillatechnologies.com/how-to-characterize-the-limit-of-

blank-for-digital-pcr/. An in-depth explanation of the mathematical calculation involved 

for the determination of LOB is available here: https://www.gene-pi.com/statistical-

tools/.  

 

Figure 3: Localisation and design of the 3-colour and the 6-colour Crystal Digital PCR assays 

for the detection of HER2 copy number variations and the 3 most prevalent PIK3CA mutations 

in breast cancer. 

https://www.gene-pi.com/item/lob-lod-determination-2/
https://www.stillatechnologies.com/how-to-characterize-the-limit-of-blank-for-digital-pcr/
https://www.stillatechnologies.com/how-to-characterize-the-limit-of-blank-for-digital-pcr/
https://www.gene-pi.com/statistical-tools/
https://www.gene-pi.com/statistical-tools/
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Figure 4: A) 2D dot plots of the 3-colour HER2 digital PCR panel, and B) 2D dot plots of the 6-

colour HER2 digital PCR panel. Each target and its respective fluorescent reporter are 

indicated on the X- and Y-axes.  

 

Results 

Evaluation of the 6-colour Crystal Digital PCR panel on reconstruction 

experiments 

Plasma DNAs extracted from breast cancer patients and healthy individuals were 

quantified and mixed to generate nine composed samples with varying PIK3CA mutant 

fractions and HER2 copy number variation. The reconstructed samples were blindly 

tested in triplicate experiments each containing 10 µl of DNA and 500 copies of 

PhiX174 DNA. Positive and negative control wells containing a known concentration 

of mutant PIK3CA and WT commercial DNA, respectively, were included in each run.      

 

Sensitivity of HER2 amplification detection using 3-colour Crystal Digital PCR  

The experimental HER2/TSN ratios were obtained by adding a mutant DNA bearing 

an HER2/TSN ratio of 10:1 to WT genomic DNA. Samples were assayed in triplicate 

using the 3-colour Crystal Digital PCR panel and absolute concentrations of HER2 and 

TSN were calculated. To determine statistically the presence of DNA with HER2 copy 

number variation with 95% confidence level (i.e. less than 5% false positives), Welch's 
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t-test (Whale et al. 2012) was applied on the log-ratio HER2/TSN (approximated by a 

Normal distribution) in comparison with 36 negative control replicates. Using this 

method, a significant presence of mutant DNA in mutant fractions of 3%, corresponding 

to an HER2/TSN ratio of 1.16 was observed (Figure 5 A). 

 

Sensitivity of detection of HER2 amplification and PIK3CA mutations using 6-

colour Crystal Digital PCR  

The sensitivity of HER2 amplification detection using the 6-colour Crystal Digital PCR 

panel was evaluated using the same approach as described in the 3-colour assays. 

The 6-colour Crystal Digital PCR panel enabled the detection of mutant fractions as 

low as 3%, corresponding to an HER2/TSN ratio of 1.16 (Figure 5 B). The three most 

prevalent PIK3CA mutations in breast cancer (PIK3CA H1047R, E542K and E545K) 

were detected in the ROX channel of the 6-colour Crystal Digital PCR panel. To 

calculate the LOB for mutant PIK3CA detection, the occurrence of false-positive events 

observed in negative controls was recorded and the mean (µ) of the false-positive 

distribution was calculated and corrected using the following formula:  

µcorr = µ + 1.645 σ / √R  

Where σ is the standard deviation of this distribution and R is the number of negative 

control replicates. The LOB with a 95% confidence level was determined by fitting the 

calculated µcorr using Normal Law approximation and Chernoff’s inequality. The LOB 

was thus determined as six false-positive partitions. The sensitivity of detection was 

determined for each PIK3CA mutation using a serial dilution of mutant DNA ranging 

from 500 to 5 copies per µl in a constant background of 104 copies of WT DNA per µl 

and representing a mutant allele fraction (MAF) ranging from 5% to 0.05%. Each 

dilution point was assayed in triplicate, except for the lowest mutant concentration that 

was assayed in quadruplicate. To determine whether the observed mutant quantity 

was significantly above the LOB, a Bayesian approach based on the probability of 

occurrence of false positives was used. For each result, the number of positive 

partitions was corrected by deducting eventual false-positive partitions weighted by 

their probability distribution. A sample was considered negative when the lower limit of 

the corrected 95% confidence interval included zero. According to this Bayesian 

correction, the limit of detection (LOD) at 95% confidence level was experimentally 

determined as 25 copies per 25 µl reaction for PIK3CA H1047R, and 5 copies per 25 
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µl reaction for E542K and E545K, which represents a minimum detectable MAF of 

0.25% and 0.05% respectively in a background of 104 WT copies. 

 

Figure 5: A) measure of different HER2/TSN ratios in reconstruction experiments using the 3-

colour Crystal Digital PCR assay. B) measure of different HER2/TSN ratios in reconstruction 

experiments using the 6-colour Crystal Digital PCR assay. C) results obtained using the 6-

colour Crystal Digital PCR assay on a serial dilution of mutant PIK3CA in a background of WT 

DNA (★ indicates that detection is statistically significant, the theoretical 95% confidence 

intervals are represented as vertical bars, empty circles represent measures which are under 

the LOB). 

 

Evaluation of the 6-colour Crystal Digital PCR panel on reconstruction 

experiments 

Reconstructed samples (n=9) derived from plasma DNA from breast cancer patients 

and healthy individuals were assembled to obtain different concentrations of mutant 

PIK3CA and HER2/TSN ratios. The detection of PIK3CA mutations and HER2 copy 

number variation was estimated using the statistical tools described earlier. To 

estimate the HER2 copy number variation (Figure 5 B), 29 WT DNA controls extracted 

from plasma were used as controls. The results are shown in Table 1. Sample 9 
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containing 1.9 mutant PIK3CA copies per µl in a background of 348 WT DNA copies 

per µl (MAF of 0.55%) was detected as positive, whereas Sample 8 containing 0.9 

mutant PIK3CA copies per µl in a background of 348 WT copies per µl (MAF of 0.26%) 

was found negative (Figure 5 C). Samples 3, 4 and 6 with expected HER2/TSN ratios 

of 1.55, 1.44 and 1.39 were detected positive after digital PCR and statistical analysis. 

Sample 5, with an expected HER2/TSN ratio of 1.34 was not considered positive as 

the lower limit of the 99.5% confidence interval calculated following its testing included 

zero. No false-positive mutant PIK3CA and HER2 copy number variations were 

observed in WT DNA only samples.    

 

Table 1: HER2/TSN ratio and PIK3CA mutations detected using the 6-colour Crystal Digital 

PCR panel in reconstructed samples derived from plasma DNA  

 

Conclusion  

Digital PCR is a promising clinical tool as it combines high sensitivity and absolute 

quantification with a short time-to-results and a low cost. With the ability to partition 

samples into tens of thousands of individual reactions, digital PCR allows superior 

target detection and quantification, enabling accurate detection of rare mutations in low 

concentration liquid biopsy ctDNA samples and opening new clinical opportunities for 

this complex mixture of DNA. Here, the 6-colour Crystal Digital PCR technology 

enabled the monitoring of the main genomic alterations in patients with breast cancer 

in a first of its kind assay. PIK3CA mutations detected were not identified individually 

in this assay, instead were functionally grouped in separate detection channels based 

on the current knowledge about treatment efficacy prediction. Although this chapter 

details a panel for detecting major genomic alterations in breast cancer patients, it can 

also be used as a model for other oncology analysis developments. The 6-colour 
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Crystal Digital PCR technology can be flexible and evolutive in terms of assay design. 

The increase in the number of detection channels and multiplexing strategy, combined 

with the high sensitivity of Crystal Digital PCR, represents a promising advance for 

genotyping and tumour monitoring in oncology.  

3.            Advanced quality control using Crystal Miner  

          Software description 

Crystal Miner is Stilla Technologies’ proprietary software component of the Naica 

System. The Crystal Miner is designed for high-precision genetic data analysis based 

on Crystal Digital PCR. The Crystal Miner software is a user-friendly and transparent 

software. It is a powerful tool for statistical analysis of digital PCR data. Additionally, it 

allows users to visualise the droplets, select the desired droplet populations for 

analysis and produce reliable and accurate results.  

The Crystal Miner software can be downloaded here: 

https://www.stillatechnologies.com/software/. The software also comes with demo 

data for first-time users to try different features and analyse data. 

 Unique characteristics and functions 

The Crystal Miner software allows intuitive data visualisation and interpretation. The 

software offers the droplets to be distinguished in 3-colour channels, and this provides 

a wide spectrum for the users to visualise the droplets in. The droplets are detected 

based on the fluorescence emitted by the fluorophores upon hydrolysation or binding 

to dsDNA. Crystal Miner is compatible with a wide range of fluorescent dyes (non-

exhaustive list: FAM, HEX, ROX, Yakima Yellow, Cy3, Cy5, EvaGreen) and accurately 

detects the targets in the Blue, Green and Red detection channels (Figure 2). The user 

has the flexibility to choose from these fluorophores and select the ones that seem 

most compatible with their assay design. The droplets are deemed as “positive” if the 

fluorescence of the droplet is higher than the defined threshold and “negative” if it is 

lower. Considering the possibility that a droplet can be either positive or negative in 

each of the three detection channels, there are 23 = 8 possible ways to classify the 

droplets. Furthermore, the possibility to visualise the data in 1, 2 or 3-D fluorescence 

https://www.stillatechnologies.com/software/
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dot plots (Figures 6, 7 and 8, respectively) allows to accurately analyse the data and 

interpret it. 

Figure 6: A screenshot of the Crystal Miner software illustrating 1D dot plots in 8-colour mode. 

Figure 7: A screenshot of the Crystal Miner software illustrating 2D dot plots in the 8-colour 

mode. 
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Figure 8: A screenshot of the Crystal Miner software illustrating a 3D dot plot in the 8-colour 

mode. 

Another feature that confers this software reliable is its “white-box” nature with 

explorable crystal images. This powerful feature aids the user to visualise droplets and 

confirm that the fluorescence values of the droplets have a homogenous spatial 

distribution in the  crystal layer. The visualisation in different detection channels aids 

the users to select the droplet populations of interest and analyse them correctly. The 

software has a range of quality controls in place to ensure high quality and accurate 

data reporting. For example, quality flags are a feature linked to the white-box nature 

of Crystal Miner. The quality flags associated with each well are indicative of the quality 

control at the well level. Ranging from high to moderate and low, they are an instant 

indication of the quality of the experiment.  

Besides, when multiplexing with several hydrolysis probes, it is sometimes possible 

that a signal from one fluorophore is detected in more than one channel due to spectral 

overlap, causing a fluorescence spillover or crosstalk. This effect can be seen in the 

dot plots and may disturb the automatic threshold computation. Using Crystal Miner, 

fluorescence spillover can be compensated automatically based on mono-colour 
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controls, easing the thresholds setting. To learn more about spill over compensation 

see here: https://www.gene-pi.com/item/spill-over-2/. 

After compensation (when needed), users can adjust the automatically set thresholds 

by sliding the corresponding line on the dot plots for the different detection channels, 

enabling Crystal Miner to distinguish between positive and negative droplets. When a 

positive population of droplets cannot be separated from the negative population by a 

line boundary in a 1D dot plot, the Crystal Miner allows the user to define populations 

by drawing custom zones such as polygons in 2D dot plots. This flexibility to customize 

populations is another advanced feature of the Crystal Miner software allowing defined 

populations for specific experimental requirements such as for a drop-off assay, 

assays based on CRISPR gene-editing, or in cases where multiple targets are 

colocalised in a single detection channel. Apart from the three default populations, 

users can choose to define custom populations using the “Zoning” and “Population” 

defining features. Briefly, using the Zoning feature, the user can divide the 3D 

fluorescence space into zones, either using the 1D Line threshold or the 2D Polygon 

threshold modes (Figure 9), and the software automatically calculates the usual results 

for the populations in these zones. An example where the 2D Polygon thresholding 

can be used for defining populations is a drop-off assay and a detailed explanation of 

this thresholding mode can be accessed here:  

https://www.stillatechnologies.com/how-to-quantify-drop-off-digital-pcr-assays-with-

crystal-miner/ 

https://www.gene-pi.com/item/spill-over-2/
https://www.stillatechnologies.com/how-to-quantify-drop-off-digital-pcr-assays-with-crystal-miner/
https://www.stillatechnologies.com/how-to-quantify-drop-off-digital-pcr-assays-with-crystal-miner/
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Figure 9. Screenshot of the Crystal Miner illustrating the “Polygon” thresholding mode.  

Figure 10. Screenshot of the Crystal Miner illustrating the “population” defining feature.  

Further, the “Population” defining feature gives the users the option to manually define 

complex populations using a building block approach after fluorescence zones have 

been defined.  For example, for a triplex experiment, the user can select or remove the 
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desired populations, customize the colour of the populations and even add specific 

negative droplets to be excluded from a population in case of drop-off quantification 

(Figure 10). The results for the additional populations are then displayed in the Results 

tab of the Crystal Miner software. 

Performance indicators to evaluate the amplification efficiency, quantification 

precision, and detection sensitivity are also provided by Crystal Miner. Some of the 

quality control features include the separability score, uncertainty curves and the 

pooling strategy.  

The separability score is an indicator for the quality control and for assay optimization. 

The separability score is proportional to the distance between the positive and negative 

droplet clusters and is inversely proportional to the sum of Bessel-corrected standard 

deviation of each cluster. A higher score points to a good amplification efficiency of the 

target whereas a lower score indicates that the droplets are ambiguous and have 

intermediate fluorescence values. A detailed explanation of the mathematical 

calculations for the separability score is provided in the next section.  

Irrespective of the separability score and the thresholding mode, each population is 

associated to a target or a group of targets whose concentration is estimated based 

on the ratio of positive and negative droplets for the population. As a result, Crystal 

Miner provides the estimated concentrations together with their confidence intervals at 

95% confidence level. The width of this confidence interval is linked to the uncertainty 

of the measurement and displayed in the form of uncertainty curves.  
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Figure 11: Screenshot of the Crystal Miner illustrating uncertainty curve obtained for a given 

experiment. In this example, for higher precision, further concentrating the sample would result 

in a decrease in the uncertainty from 8% to approximately 3%. 

Another tool for improving detection sensitivity and quantification precision in case of 

rare mutations is the possibility to pool wells. Using the pooling feature, users can 

combine two or more wells containing replicates and increase the analysed volume. 

The Crystal Miner software automatically calculates the concentration of each target 

in the pooled wells using the formula based on the sum of positive and negative 

droplets, briefly: 

 

𝐶 (𝑘 𝑝𝑜𝑜𝑙𝑒𝑑 𝑤𝑒𝑙𝑙𝑠) = −
1

𝑣
 𝑙𝑛 (1 −

∑  𝑝𝑖
𝑘
𝑖=1

∑  𝑁𝑖
𝑘
𝑖=1

). 

where: 

 

• 𝑘  refers to the number of pooled wells, assuming that these wells are replicates 

(e.g. from the same sample)  

• 𝑣  refers to the droplet volume 

• 𝑁𝑖  refers to the total number of droplets analyzed in well 𝑖 

• 𝑝𝑖  refers to the number of positive droplets observed in well 𝑖 for the target of 

interest 

An increase in the analysed volume obtained by pooling wells leads to lower sampling 

and partitioning errors as a consequence of an increase in the total number of droplets 

analysed, resulting in a lower quantification uncertainty. Assuming the LOB equal to 
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zero, the formula for LOD indicates that the LOD is inversely proportional to the number 

of pooled wells. Assuming N is the average number of droplets analysed per well, the 

LOD can be calculated using the formula: 

𝐿𝑂𝐷 (𝑘 𝑝𝑜𝑜𝑙𝑒𝑑 𝑤𝑒𝑙𝑙𝑠) =
3

𝑘 𝑁 𝑣
 

4.            Guidelines for Digital PCR data analysis  

Necessary conditions for a digital PCR experiment to follow Poisson Law  

A digital PCR experiment can only be exploited under the assumption that the 

distribution of the target nucleic acid fragments in the generated partitions follow a 

Poisson Law, which means that: 

• the partition volume 𝑣 is assumed to be constant; 

• the encapsulation of target fragments in the partitions is assumed to occur 

independent of each other; 

• the average number of target fragments encapsulated in a droplet is assumed to 

be constant and equal to 𝐶𝑣, where 𝐶 is the expected concentration of target 

fragments in the digital PCR well. 

Checking these assumptions is highly recommended to ensure the reliability of the 

following Poisson formula which estimates the target concentration in the well:  

𝐶 = −
1

𝑣
 𝑙𝑛 (1 −

𝑝

𝑁
),  

where 𝑁 is the number of partitions generated in the well and 𝑝 is the number of 

observed positive partitions for the target of interest (i.e. those having encapsulated at 

least one target fragment). 

If the generation of the partitions is performed sequentially through time or in parallel 

in space, the Poisson Law assumption requires that the fluorescence values of the 

partition are randomly distributed in time or space, and that the distribution of positive 

partitions for the target of interest is also random in time or space. 
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The random distribution assumption can, for example, be compromised in case of 

fragment sedimentation in the loaded sample, or in case of non-homogeneous 

temperature heating during the PCR. 

The white-box Crystal Miner software allows users to visualise all images of the droplet 

crystals and to highlight potential droplets associated with rain or unexpected clusters 

in the dot plot graphs. Such functionalities enable the user to perform quality control 

for partition volume assumption as well as the random distribution assumption. 

Estimation of the theoretical and experimental sources of digital PCR 

measurement errors 

There are two categories of digital PCR measurement errors: 

a) The theoretical Poisson error 𝜀𝑃𝑜𝑖𝑠𝑠𝑜𝑛 which cannot be avoided and accounts for 

both the sampling error and the partitioning error. 

b) All the experimental sources of digital PCR measurement errors, which should be 

mitigated as much as possible. They include the following sources:  

• human manipulation errors (e.g. pipetting errors); 

• biological errors (e.g. target competition, non-specificity, non-optimal 

amplification efficiency); 

• instrument-related errors (e.g. thermal cycler, fluorescence reader); 

• software-related errors (e.g. partition detection, partition classification by 

fluorescence thresholding); 

• human interpretation errors (e.g. manual adjustment of data analysis). 

The formula for the Poisson error at 95% confidence level is the following: 

𝜀𝑃𝑜𝑖𝑠𝑠𝑜𝑛(95%) =  
𝐶𝑚𝑎𝑥(95%) − 𝐶𝑚𝑖𝑛(95%)

2 𝐶
 

where, using the notations defined in the previous section: 

𝐶 = −
1

𝑣
 𝑙𝑛 (1 −

𝑝

𝑁
) 

𝐶𝑚𝑖𝑛(95%) =  −
1

𝑣
 ln

[
 
 
 
 

1 −  [
𝑝

𝑁
− 1.96 √

𝑝
𝑁 (1 −

𝑝
𝑁)  

𝑁
]

]
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𝐶𝑚𝑎𝑥(95%) =  −
1

𝑣
 ln

[
 
 
 
 

1 −  [
𝑝

𝑁
+ 1.96 √

𝑝
𝑁 (1 −

𝑝
𝑁)  

𝑁
]

]
 
 
 
 

 

The total variability of digital PCR measurements can be evaluated by performing a 

sufficiently large number of pure digital PCR replicates (e.g. by loading the same 

sample in at least 𝑛 = 30 digital PCR wells), by collecting the target concentration 

values measured by the digital PCR system, and by calculating their coefficient of 

variation corrected with Bessel’s correction: 

𝑐𝑣 =
𝜎

𝜇
√

𝑛

𝑛 − 1
 

 Finally, the experimental relative uncertainty at 95% confidence level can be deduced 

by subtracting the theoretical Poisson error from the measured total variability: 

𝜀𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙(95%) = 1.96 𝑐𝑣 − 𝜀𝑃𝑜𝑖𝑠𝑠𝑜𝑛(95%) 

 

Optimization of multiplex digital PCR assays from data processing 

Optimization of multiplex digital PCR assays requires maximizing the amplification 

efficiency of each target of the assay while avoiding target competition and non-

specificity issues. If 𝑘 targets are involved in the multiplex assay, it is recommended to 

first optimize a simplex experiment for each target, then optimize the possible duplex 

experiments, triplex experiments, and so forth until the wished 𝑘-plex experiment. 

The optimization parameters include the choice and the concentration of the primers 

and probes for each target, as well as the PCR conditions (number of PCR cycles, the 

duration and temperature for the denaturation step, the annealing step and the 

elongation step). 

 

One relevant and objective criterion to quantify the amplification efficiency for a target 

of interest is the separability score between two clusters of points: 

 

o the “positive” cluster of points representing the fluorescence of the positive 

partitions (i.e. the partitions which have encapsulated at least one target fragment); 
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o the “negative” cluster of points representing the fluorescence of the negative 

partitions (i.e. the partitions which did not encapsulate any target fragment). 

 

The formula of the separability score for the target of interest is the following: 

𝑠𝑒𝑝𝑎𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝜇𝑃𝑂𝑆 − 𝜇𝑁𝐸𝐺

√
𝑝

𝑝 − 1 𝜎𝑃𝑂𝑆 + √
𝑞

𝑞 − 1 𝜎𝑁𝑒𝑔

 

where: 

• 𝑝  is the number of positive partitions observed for the target 

of interest; 

• 𝑞  is the number of negative partitions observed for the target 

of interest; 

• 𝜇𝑃𝑂𝑆  is the mean fluorescence value of the positive partitions; 

• 𝜇𝑁𝐸𝐺  is the mean fluorescence value of the negative 

partitions; 

• 𝜎𝑃𝑂𝑆  is the standard deviation of the fluorescence values of 

the positive partitions; 

• 𝜎𝑁𝐸𝐺  is the standard deviation of the fluorescence values of 

the negative partitions. 

In order to optimize a 𝑘-plex experiment, the objective is to maximize the separability 

score for each of the 𝑘 targets. 

Finally, the recommended optimization process is as follows: 

• Modify only one parameter at a time; 

• In order to determine if the new conditions are better than the current ones, 

perform at least 𝑛 = 30 pure replicates of the current conditions and at least 𝑛 =

30 pure replicates of the new conditions, then apply for each of the 𝑘 targets 

then the Mann–Whitney U test to the separability scores obtained for the targets 

using the current conditions versus the new conditions (using one-tailed 

hypothesis and 0.05 significance level); 

• If the Mann–Whitney U tests indicate that the new conditions lead to equivalent 

or statistically higher separability scores for all the targets, then the new 

conditions do not cause regression and can be kept for a further iteration. 
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• A separability score of 4 is the lowest acceptable value for any target of interest. 

We recommend further assay optimization when scores lower than 4 are 

obtained in order to ensure confident fluorescence threshold placement. 

 

Evaluating the linearity performance of a digital PCR assay: 

In order to assess the linearity performance of a digital PCR assay with respect to a 

given target, it is recommended to perform an 𝑚-point dilution range of the target 

(ideally with 𝑚 ≥ 5) along the whole dynamic range of detection specified for the digital 

PCR system, and to include a negative control point for quality control. Besides, each 

dilution point should be performed in at least 𝑛 = 3 replicates to ensure a robust 

evaluation of the linearity. 

For example, the Naica System offers a dynamic range of detection from 0.2 cp/µL to 

20 000 cp/µl in the digital PCR well, so a suitable linearity study could include the target 

concentrations 20 000, 2 000, 200, 2, 0.2 and 0 cp/µl. 

The standard linear regression, based on the Ordinary Least Squares (OLS) method, 

assumes homoscedasticity, i.e. the assumption that the variance of the errors (or 

residues of the regression) is constant across all points in the dilution range. However, 

this assumption is false for digital PCR, because the variance of the errors is much 

larger at very low concentrations and at very high concentrations. This non-

homogeneity of the variance is called heteroskedasticity. 

The recommended methodology consists in applying a robust Weighted Least Squares 

method (WLS method), which considers as weight for each dilution point the inverse 

of the variance of the replicates at this dilution point. The higher the coefficient of 

determination 𝑅2 obtained for the regression, the better the linearity. However, the 

most important criterion is not the 𝑅2 value but the fact that there is a straight line which 

passes close enough to each point of the dilution range, with a slope as close as 

possible to the value 1, and ideally, a bias as close as possible to the value 0. 

For more details, please see https://www.stillatechnologies.com/detection-of-her2-

copy-number-variation-with-crystal-digital-tm-pcr/. An online calculator to determine 

CNV from a digital PCR experiment is also available here: https://www.gene-

pi.com/statistical-tools/cnv/. 

https://www.stillatechnologies.com/detection-of-her2-copy-number-variation-with-crystal-digital-tm-pcr/
https://www.stillatechnologies.com/detection-of-her2-copy-number-variation-with-crystal-digital-tm-pcr/
https://www.gene-pi.com/statistical-tools/cnv/
https://www.gene-pi.com/statistical-tools/cnv/
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Conclusion 

In a nutshell, Crystal Digital PCR technology can be implemented and optimized for 

accurate and reliable detection of genetic alterations in a broad range of nucleic acid 

quantification assays. Additionally, the Crystal Miner software, equipped with 

advanced quality control tools, enables users to robustly identify target mutations in 

samples of varying origins. Crystal Digital PCR, coupled with the Crystal Miner 

software, is a high precision nucleic acid quantification tool that can aid researchers 

working in various nucleic acid testing fields to explore new applications. 
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