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Two regular articles on validation of long-read nanopore sequencing for human leukocyte antigen class I typing in routine 
diagnostics and the development and clinical validation of discriminatory multitarget digital droplet PCR assays for the 
detection of hot spot KRAS and NRAS mutations in cell-free DNA, and a review article on next-generation sequencing in 
high-sensitive detection of mutations in tumors were selected for the July and August 2020 JMD CME Program in 
Molecular Diagnostics. The authors of the referenced articles, the planning committee members, and staff have no 
relevant financial relationships with commercial interests to disclose.  
 
Questions #1-4 are based on Matern BM, Olieslagers TI, Groeneweg M, Duygu B, Wieten L, Tilanus MGJ, Voorter CEM; 
Long-Read Nanopore Sequencing Validated for Human Leukocyte Antigen Class I Typing in Routine Diagnostics. J Mol 
Diagn 2020, 22: 912-919; https://doi.org/10.1016/j.jmoldx.2020.04.001  
 
Questions #5-6 are based on Hussung S, Follo M, Klar RFU, Michalczyk S, Fritsch K, Nollmann F, Hipp J, Duyster J, 
Scherer F, von Bubnoff N, Boerries M, Wittel U, Fritsch RM; Development and Clinical Validation of Discriminatory 
Multitarget Digital Droplet PCR Assays for the Detection of Hot Spot KRAS and NRAS Mutations in Cell-Free DNA. J Mol 
Diagn 2020, 22: 943-956; https://doi.org/10.1016/j.jmoldx.2020.04.206 
 
Questions #7-12 are based on Singh RR; Next-Generation Sequencing in High-Sensitive Detection of Mutations in Tumors. 
J Mol Diagn 2020, 22: 994-1007; https://doi.org/10.1016/j.jmoldx.2020.04.213 
 
Upon completion of this month’s journal-based CME activity, you will be able to: 
 

• Describe human leukocyte antigen (HLA) and discuss the uses of HLA typing in solid organ and stem cell 
transplantations. 

• Describe the MinION nanopore sequencing platform and discuss its use in HLA typing for HLA matching. 
• Discuss the utility of next-generation sequencing (NGS) technologies for screening genomic changes in multiple 

samples simultaneously. 
• Understand the advantages and challenges in using 1D2 MinION reads.  
• Discuss the development and clinical validation of generic single-target and discriminatory multitarget droplet 

digital PCR assays for the detection and quantification of 14 hot spot KRAS and NRAS mutations. 
• Discuss the benefits of using NGS over conventional technologies, such as Sanger sequencing and 

pyrosequencing, expression arrays, real-time PCR, and fluorescence in situ hybridization methods, for routine 
molecular testing of tumors. 

• Explain the advantages and limitations of using fresh frozen tissues and sources, such as peripheral blood and 
bone marrow aspirates over formalin-fixed and paraffin-embedded archived tissues for NGS testing. 

• Understand how Ion Torrent sequencing, single molecule sequencing, and droplet digital PCR are being used in 
clinical laboratories. 

• Describe minimal residual disease and understand ways of monitoring it in the context of solid tumors and 
hematological malignancies. 

• Describe circulating tumor DNA and discuss techniques for detecting it in the context of solid tumors and 
hematological malignancies. 

 
1. Human leukocyte antigen (HLA) is the human major histocompatibility complex, a group of genes comprising the 

most polymorphic loci in the human genome. The HLA genes are encoded within the short arm of the human 
chromosome 6, and they are grouped by both function and morphology into two general classes, HLA classes I 
and II. The hyperpolymorphism of HLA is demonstrated in the Immuno-Polymorphism Database–ImMunoGeneTics 
(IPD-MGT)/HLA database, which currently lists 18,691 class I and 7065 class II HLA alleles (release 3.38.0). The 
nucleotide polymorphism is reflected in the protein polymorphism, which allows the HLA class I or class II 
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molecules to present a wide variety of intracellular and extracellular antigens, respectively. Based on the 
referenced regular article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 912-919] 
 

a. HLA polymorphism enables the immune system to respond to a large variety of pathogens and diseases; however, 
HLA typing is unnecessary for solid organ and stem cell transplantation. 

b. Though both solid organ and stem cell transplantation involve the introduction of non-self tissue to the body, the 
risk of adverse immune response is very limited even without HLA typing. 

c. In solid organ transplantation, mismatched donor HLA can induce the production of donor-specific anti-HLA 
antibodies, which can bind to the HLA on the transplanted tissue, triggering antibody-mediated organ rejection.  

d. In stem cell transplantation, T cells in the donor allograft fail to recognize the HLA-peptide complexes expressed on 
recipients tissues minimizing risk of graft-versus-host disease.  

 
2. The HLA region of the human genome is correlated with the greatest numbers of human diseases, and high-

resolution sequencing allows refinement of understanding of the function of HLA and its relationship to the 
causality of diseases. Typing for the HLA-B alleles informs the caregiver’s choice of treatment methods and 
prevents adverse drug interactions. Based on the referenced regular article, select the ONE best TRUE statement: 
[J Mol Diagn 2020, 22: 912-919] 
 

a. High-resolution HLA typing is useful to determine drug hypersensitivity. 
b. HLA-B*57:01 has been correlated with hypersensitivity to abacavir, a drug commonly used in epilepsy treatment. 
c. HLA-B*15:02 has been correlated with hypersensitivity to carbamazepine, a drug used to treat HIV. 
d. High-resolution HLA typing for stem cell transplantation is unnecessary since drug hypersensitivity concern is 

minimum at best in these transplantations.  
 

3. Single-molecule sequencing (PacBio or MinION) is a newest (third) generation sequencing approach. The MinION 
is a portable nanopore sequencing platform that generates ultralong reads and requires little initial equipment 
investment. The MinION sequencing and analysis procedure starts with the PCR amplification of DNA, purified and 
isolated from peripheral blood samples. Based on the referenced regular article, select the ONE best TRUE 
statement: [J Mol Diagn 2020, 22: 912-919] 
 

a. MinION uses a flow cell that contains a membrane with a grid of embedded micropores, some of which bind to 
DNA molecules. 

b. An electrical potential difference between both sides of the membrane is applied, generating a current across the 
membrane.  

c. The membrane micropores only allow the passage of double-stranded DNA accompanying a motor protein. 
d. As the protein pass through the pore, disruptions in the current and resulting electrical signal are measured by the 

MinION integrated circuits.  
 

4. The current next-generation sequencing (NGS) approaches for HLA typing are based on Illumina, Ion Torrent, and 
PacBio technologies, which each have advantages and disadvantages. Similarly, the use of 1D2 MinION reads, 
which are generated by pairing two single-stranded reads into a single sequence, provides both advantages and 
challenges. Based on the referenced regular article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 
912-919] 
 

a. One of the major advantages of MinION single-molecule sequencing is the generation of long reads that span the 
entire HLA gene, which allows unambiguous phasing of polymorphism across the gene. 

b. Because the HLA genes are heterologous, correct separation of genes and alleles is easy even with small DNA 
pieces. 

c. Read pairing and discarding of unpaired reads is tedious and barely reduces the amount of data due to limited 
numbers of unpaired reads, which is reflected in the final read coverage. 

d. Random basecalling errors are difficult to resolve even with additional read coverage; therefore, the use of 1D 
sequencing in the future may be challenging. 
 

5. The analysis of cell-free nucleic acids extracted from the plasma and other body fluids holds great potential for 
molecular diagnostics and noninvasive molecular monitoring of cancer patients. Based on the referenced regular 
article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 943-956] 
 

a. Detection and quantification of mutant KRAS and NRAS in cell-free DNA (cfDNA) is under investigation for early 
detection, as indicator of minimal residual disease (MRD) following tumor resection and as prognostic and 
predictive biomarker in advanced stage cancer.  

b. The emergence of mutant RAS isoforms in the circulation lags behind clonal evolution and follows development of 
clinical resistance during therapy with certain molecularly targeted agents. 

c. Given the abundance of input DNA, analysis of circulating tumor-derived cell-free DNA (ctDNA) easily works with 
assay systems with both low sensitivity and specificity. 

d. Given the high allele frequencies of mutant tumor-derived DNA against a larger wild-type (WT) background, 
analysis of ctDNA easily works with assay systems with both low sensitivity and specificity. 
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6. The study presents the development and clinical validation of generic single-target and discriminatory multitarget 
droplet digital PCR (ddPCR) assays for the detection and quantification of 14 hot spot KRAS and NRAS mutations. 
Based on the referenced regular article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 943-956] 
 

a. Though the described single-target assays overall achieved excellent sensitivity, specificity, and precision, the 
analysis excluded certain difficult-to-target KRAS and NRAS single-nucleotide exchanges, such as KRAS G12S 
and G13D. 

b. Due to the presence of multiple probes within a single assay, sensitivities and specificities for multitarget assays 
were overall very high. 

c. The prevalence of mutated KRAS in cfDNA of patient cohort used in the study was in agreement with published 
data with <50% of early-stage resectable and approximately 70% of advanced metastatic pancreatic cancers 
positive for plasma mutated KRAS. 

d. Once established and optimized with recombinant DNA, single-target assays were validated with cfDNA samples 
extracted from pancreatic cancer patient plasma since pancreatic cancer has only 4% KRAS mutation prevalence. 

 
7. NGS technologies have come of age as preferred technologies for screening of genomic variants of pathologic and 

therapeutic potential. Because of their capability for high-throughput and massively parallel sequencing, they can 
screen for a variety of genomic changes in multiple samples simultaneously. Hence, these are platforms of choice 
for clinical testing of solid tumors and hematological malignancies. Consequently, they are increasingly replacing 
conventional technologies, such as Sanger sequencing and pyrosequencing, expression arrays, real-time PCR, 
and fluorescence in situ hybridization methods for routine molecular testing of tumors. Based on the referenced 
review article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 994-1007] 
 

a. Unlike other sequencing methods, the accuracy of NGS is independent of the amount of nucleic acids used.  
b. Most of the solid organ tumors and bone marrow biopsy samples are fresh frozen tissues, which act as a source of 

good-quality nucleic acids and are somewhat suitable. 
c. Formalin-fixed and paraffin-embedded (FFPE) tissues are preferred over fresh frozen tissues and bone marrow 

biopsy samples for NGS testing but have limited utility for histopathological testing due to extensive intramolecular 
and intermolecular crosslinking of proteins and nucleic acids. 

d. Formalin fixation has detrimental effects on the integrity, extraction efficiency, and amplifiability of nucleic acids, 
including extensive DNA fragmentation, decreased DNA yields, and chemical modifications. 

 
8. The revolutionary non-optical semiconductor-based sequencing technology, Ion Torrent sequencing, is prominently 

used in clinical laboratories.  Based on the referenced review article, select the ONE best TRUE statement: [J Mol 
Diagn 2020, 22: 994-1007] 
 

a. In Ion Torrent sequencing, DNA fragments clonally amplified on beads are housed in millions of wells that are 
interfaced to a semiconductor chip.  

b. DNA on these beads is used as templates and sequenced by flowing labeled and modified nucleotides, many at a 
time, in a random sequence.  

c. Incorporation of nucleotides and breaking of phosphodiester bonds result in the release of a flood of protons, which 
maintain the pH but alter the electric potential changes, which are detected by the semiconductor chips.  

d. Like Illumina platforms, Ion Torrent sequencing is designed to be base by base, preventing calling spurious single-
nucleotide indels and bringing down the indel sequencing error rates to 0.04% to 0.1%. 

 
9. An important aspect of clinical sequencing tests is the lower limit of detection (LOD), which refers to the lowest 

levels of genomic variants that the platform can detect consistently in the background of wild-type sequences. For 
most validated clinical NGS platforms, this varies anywhere between 2% and 15%, depending on the NGS 
workflow and the type of genomic change being detected. Most of the current routine NGS workflows are not 
geared to consistently achieve the LOD to warrant specialized applications that require detection of low-level 
mutations, like testing of samples with limited tumor content, clonal heterogeneity, monitoring of therapy response, 
and screening of circulating nucleic acids in plasma (liquid biopsies). Therefore, these applications are dominated 
by high-sensitive non-NGS technologies, like allele-specific real-time PCR (ASPCR), droplet digital PCR (ddPCR), 
and BEAMing (beads, emulsification, amplification, and magnetics). Based on the referenced review article, select 
the ONE best TRUE statement: [J Mol Diagn 2020, 22: 994-1007] 
 

a. In ddPCR, the PCR is partitioned into a few emulsion droplets (10-100), which act as microreactors. 
b. In ddPCR, the input DNA is partitioned so as to isolate one copy of template DNA in each droplet along with 

necessary components for PCR, wild-type and mutation-specific primers and probes. 
c. During ddPCR amplification, the droplets are collectively scanned for the wild-type– or mutant-specific fluorescent 

signals providing approximate quantitation of the mutation levels with low degrees of sensitivity and specificity. 
d. Modified methods, such as denatured ddPCR, where DNA is denatured to single strands before encapsulating into 

microdroplets lower the efficiency, sensitivity, and specificity of detection. 
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10. The possibility of sporadic sequence artifacts occurring at potentially every step of the NGS workflow presents a 
challenge for detecting low-level variants (<1.0% mutation frequency), which can be overcome by single-molecule 
sequencing. Based on the referenced review article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 
994-1007] 
 

a. NGS sequencing involves clonal amplification of each library DNA strand into clusters on either the glass flowcell 
(Illumina) or beads (Ion Torrent, Roche 454) followed by sequencing by synthesis. 

b. A few copies of each DNA strand (tens to hundreds) are generated to ensure adequate signal generation above 
the background noise levels during sequencing.  

c. Replicated clones of each strand are individually sequenced.  
d. The PCR-based process prevents introduction of errors or sequencing artifacts. 

 
11. MRD is a low-level remnant tumor content after complete remission, following surgery or therapeutic intervention, 

and is undetectable by routine histologic or radiological examinations. Based on the referenced review article, 
select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 994-1007] 
 

a. MRD represents cells from the original tumor that have not been cleared by treatment approaches and therapy-
resistant subclones. 

b. MRD monitoring is the least prevalent in hematological cancers due to inability to capture required cells.  
c. MRD levels are also defined by the LOD of techniques used like flow cytometry and ASPCR, which is generally 

1.00% (1 tumor cell in the background of 100 normal cells). 
d. NGS is restricted to screening a limited number of known markers and thus limited in its utility to preemptively 

detect emergent malignant clones 
 

12. Shedding of nucleic acids into blood circulation is a natural process of cells undergoing apoptosis and necrosis. 
Consequently, blood has a representative population of DNA from the entire body, referred to as circulating cell-
free DNA. In cancer, this will also have DNA from tumor cells, referred to as circulating tumor DNA (ctDNA), mixed 
with the DNA shed from normal cells. Based on the referenced review article, select the ONE best TRUE 
statement: [J Mol Diagn 2020, 22: 994-1007] 
 

a. The levels of cell-free DNA in cancer compare with the levels in healthy tissues despite the increased cell growth 
and necrosis in tumors compared with healthy tissues. 

b. Studies have shown concordance of the mutation profiles of ctDNA and tumor along with a direct correlation of the 
amount of ctDNA with tumor burden and stage. 

c. Isolation and screening of cell-free DNA as a surrogate for DNA directly isolated from tumor tissue has several 
limitations and is predominantly discouraged, especially for solid tumors where surgical resection or methods such 
as core-needle or fine-needle biopsies are preferable.  

d. Though liquid biopsy is extremely expensive, it is devoid of any other circulating entities and is considered to be a 
pure source of ctDNA alone. 

 


