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A review article on the use of R and Bioconductor in clinical genomics and transcriptomics and two research articles on the 
evaluation of commercial next-generation sequencing bioinformatics software solutions and digital rolling circle 
amplification–based detection of Ebola and other tropical viruses were selected for the January and February 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 #1-6 are based on: Sepulveda JL; Using R and Bioconductor in Clinical Genomics and Transcriptomics. J Mol 
Diagn 2020, 22: 3-20; https://doi.org/10.1016/j.jmoldx.2019.08.006 
 
Questions #7-9 are based onGullapalli RR; Evaluation of Commercial Next-Generation Sequencing Bioinformatics Software 
Solutions. J Mol Diagn 2020, 22: 147–158; https://doi.org/10.1016/j.jmoldx.2019.09.007 
 
Questions #10-12 are based on: Ciftci S, Neumann F, Abdurahman S, Appelberg KS, Mirazimi A, Nilsson M, Madaboosi N; 
Digital Rolling Circle Amplification–Based Detection of Ebola and Other Tropical Viruses. J Mol Diagn 2020, 22: 272–283; 
https://doi.org/10.1016/j.jmoldx.2019.10.014 
 
Upon completion of this month’s journal-based CME activity, you will be able to: 

• Describe bioinformatics pipelines and their construction and discuss their uses. 
• Discuss Bioconductor tools. 
• Discuss the steps involved in DNA next-generation sequencing (NGS) and RNASeq analysis. 
• Outline the limitations of R and Bioconductor for clinical bioinformatics. 
• Discuss the importance of NGS in driving personalized medicine efforts in clinical practice. 
• Discuss the key challenges of clinical NGS. 
• Discuss the use of digital rolling circle amplification–based detection of Ebola virus. 

 
1. Robust bioinformatics approaches have increasingly become critical for analysis of high-throughput, high-

complexity molecular data produced by new assay technologies, such as microarrays and next-generation 
sequencing (NGS), especially when the results are used to potentially influence clinical decisions. Based on 
the referenced review article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 3-20] 

a. Recent guidelines suggest brief and flexible validation and assessment of robustness, reproducibility, and 
quality of NGS analytic pipelines intended for clinical use. 

b. In clinical bioinformatics, a software pipeline is a set of programmatic procedures that need to be defined. 
c. These programmatic procedures converge to convert one specific input into one output. 
d. The programmatic procedures may include file operations, programs or tools, and database queries. 

 
2. Current pipelines for genomic and transcriptomic assays with clinical applications have not been fully  
 standardized, and bioinformatics approaches are highly variable among institutions using these assays 
 for patient care purposes. Recently, the Association of Molecular Pathology, with collaboration from the 
 College of American Pathologists and the American Medical Informatics Association, published guidelines 
 for the validation of clinical NGS bioinformatics pipelines. Based on the referenced review article, select 
 the ONE best TRUE statement: [J Mol Diagn 2020, 22: 3-20] 

 
a. The guidelines consisted of a set of nine best practice consensus recommendations. 
b. The guidelines emphasize the need to thoroughly validate the pipeline and to lock down the complete set of 

tools, code, operational environment, and network connections that compose the pipeline before using it for 
clinical purposes. 
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c. The guidelines are focused mainly on the use of microarray assays for the detection of clinically relevant 
genomic alterations (variants). 

d. Changes to components of the pipeline are exempt from revalidation.  
 

3. One of the most commonly used open-source repositories of bioinformatics tools used in genomics, 
transcriptomics, and other NGS-based assays is the Bioconductor repository.  Based on the referenced 
review article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 3-20] 

 
a. Bioconductor tools are written in the R statistical programming language.  
b. Bioconductor tools are cheap to download. 
c. Bioconductor tools can be installed but their modification needs special permissions. 
d. GitHub repository system previously used to support Bioconductor tools but now they are vendor supported. 

 
4. The DNA NGS pipeline has certain common steps and file types used to store data in between steps or as 
 outputs. Based on the referenced review article, select the ONE best TRUE statement: [J Mol Diagn 2020, 
 22: 3-20] 
 

a. In the first stage reads are processed and aligned to the reference genome and variants are called where the 
reads differ from the reference. 

b. The second stage transforms primary data from the sequencing sensors into separate reads containing 
sequence and base quality information (FASTQ files). 

c. In the fifth and final stage, the variants are classified and prioritized according to clinical significance, and the 
clinical report is issued.  

d. FASTQ, BAM, VCF, JSON, HTML, and PDF are the common files types to store data in between steps or as 
outputs.  

 
5. RNASeq analysis has certain common steps and file types used to store data in between steps or as 
 outputs. Based on the referenced review article, select the ONE best TRUE statement: [J Mol Diagn 2020, 
 22: 3-20] 

 
a. The entire pipeline is exactly identical to the steps described for DNA NGS.  
b. A common object class for storing differential gene expression (DE) information is DESeqDataSet from the 

DESeq2 package. 
c. Unlike DNA NGS, VCF and BAM file types are excluded for data storage in RNASeq analysis. 
d. RNASeq analysis has extremely limited capability to provide insights into regulatory networks and pathway 

dysregulation to provide predictive models for clinical use.  
 
6. To take full advantage of R and Bioconductor for clinical NGS applications, it is important to be aware of 
 its limitations and downsides and how to address them. Based on the referenced review article, select the 
 ONE best TRUE statement: [J Mol Diagn 2020, 22: 3-20] 

 
a. All of the algorithms and processing steps commonly used in NGS pipelines are available in Bioconductor or 

as R packages. 
b. All of the tools available in Bioconductor have achieved the level of widespread testing and use as established 

tools used in current NGS pipelines. 
c. Given the routine biannual updates to R base code and Bioconductor, as well as frequent updates to specific 

R packages; it is critical to lock the pipeline to prevent packages from inadvertently being updated. 
d. In the clinical context, revalidation of the pipelines to test changes in the new version is unnecessary. 

 
7. NGS is rapidly gaining importance as a key driver of personalized medicine efforts in clinical practice. 
 Clinical laboratories are the linchpin for the implementation of fast evolving NGS technologies into routine 
 clinical practice. Based on the referenced article, select the ONE best TRUE statement: [J Mol Diagn 2020, 
 22: 147–158] 

 
a. Research-based NGS studies have identified numerous genomic, transcriptional, and epigenetic biomarkers 

with potential clinical applications.   
b. Currently, single biomarker paradigms are more common as compared to multiplexed detection of cancer 

biomarkers. 
c. NGS is being increasingly used in the clinic despite rising costs of sequencing. 
d. Commercial software solutions aim to bridge the bioinformatics barrier via turnkey informatics solutions 

tailored specifically for the clinical workplace after constant systematic assessment of these software 
solutions. 
 
 



 
© The American Society for Investigative Pathology 
JMD 2020 CME Program in Molecular Diagnostics  
The Journal of Molecular Diagnostics, Volume 22, Number 1-2, January and February 2020 
 
 

8. The key challenge of clinical NGS is also the main strength of this technique (namely, the amount of 
 sequencing data generated). Based on the referenced article, select the ONE best TRUE statement: [J Mol 
 Diagn 2020, 22: 147–158] 
 

a. NGS is a data-intensive technique though small amount of data may be generated at each step of the 
  process. 
b.   The raw data signal calls on the instrument, FASTQ data files for the bioinformatics analysis, and the 
      annotation data describe the generated sequencing variants. 

 c.   In clinical oncology, the number of data variants generated is low because of the low inherent genomic 
             instability associated with biological carcinogenesis. 

d.   NGS data management seems to be getting simpler considering limited parameters of tumor assessment. 
 
9. NGS methods are increasingly the preferred platform of choice to analyze molecular biomarker changes in 
 patient samples. Based on the referenced article, select the ONE best TRUE statement: [J Mol Diagn 2020, 
 22: 147–158] 

 
a. NGS is incapable of multi-tasking different forms of molecular assays on the same hardware. 
b. High-throughput sequencing is beyond the reach of most small- to mid-sized laboratories globally due to rising 

costs. 
c. For many oncology-related applications, determining key molecular-level changes is now an integral part of an 

oncology patient diagnostic and management algorithm making NGS more compelling to use. 
d. The use of bioinformatics has simplified the implementation of NGS assays. 

 
10. Emerging tropical viruses have caused serious outbreaks during the recent years, such as Ebola virus 
 (EBOV) in 2014 and the most recent in 2018 to 2019 in Congo. Thus, immediate diagnostic attention is 
 demanded at the point of care in resource-limited settings (RLS), because the performance and the 
 operational parameters of conventional EBOV testing are limited. Based on the referenced article, select 
 the ONE best TRUE statement: [J Mol Diagn 2020, 22: 272–283] 
 

a. EBOV detection is most commonly based on serology, antigen tests, or molecular tests. 
b. Serology helps to detect viral proteins. 
c. Antigen tests detect viral RNA sequences. 
d. Molecular tests detect antibodies against virus. 

 
11. The World Health Organization put forth a clarion call toward the stimulation of diagnostic innovation and 
 deployment of suitable and faster methods for the diagnosis of EBOV in RLS. In this context, isothermal 
 amplification assays detecting nucleic acids of viruses become relevant. Based on the referenced article, 
 select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 272–283] 

 
a. Detection of DNA and RNA viruses using isothermal amplification methods remains to be reported. 
b. Rolling circle amplification (RCA) is based on the amplification of circularized padlock probes (PLPs) to 
 enhance the molecular specificity at varied levels of the bioassay. 
c. RCA results in millimeter-sized DNA coils, RCA products (RCPs) that are easily detectable using 
 microscopy or other automated optical imaging/detection tools. 
d. Circle-to-circle amplification is used when lower sensitivity is needed, by performing one more round of  RCA. 

 
12.  The main challenges in developing molecular diagnostics for RNA viruses lie in their mutation rate, and 

 the ability of the assay to be multiplexed because different diseases can cause similar symptoms. Based 
 on the referenced article, select the ONE best TRUE statement: [J Mol Diagn 2020, 22: 272–283] 

 
a. A diagnostic assay that uses several probes to simultaneously target different virus genomes may complicate 

diagnosis. 
b. The success of any diagnostic test at the point-of-care (PoC) in RLS depends on its technical requirements, 

ease to operate, and compatibility and integration with existing assay designs. 
c. This study combined a single RCA approach on isolated EBOV RNA, together with pump-free microfluidic 

RCA product (RCP) enrichment (MRE) for generic detection of viruses. 
d. The key advantage of the proposed method relies on the ability of the assay to identify non-viral pathogens. 


