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Part 2: The technician & the samples
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Alex opened the sample door and retrieved “GP-1124 samples Pt_mRCC, PDX_mRCC, and PDX_pRCC” from the ledge. They had finished running the last set of samples and were ready to prepare libraries for next generation (NGS) sequencing. Alex was closely working with Dr. Ortiz on the precision medicine initiative as part of his graduate studies. They had posted the scRNA workflow beside the bench to ensure that every sample was processed with the same methodology for reproducibility. They had a visiting student observing the project and Alex was eager to share an overview of the project.
 
“Take a look at this schematic.” Alex pointed to the visiting student. “We received biopsies of the primary and metastatic tumor from patient GP-1124 and separated them into single cells that were used immediately or expanded as mouse xenografts. We used a microfluidics device to collect fresh and xenografted single cells in tiny wells on a special chip that let us capture cells, lyse them, and reverse-transcribe the mRNA into cDNA. Our job today is to prepare the cDNA libraries for next generation sequencing of these single cell transcriptomes.”  Take a look at this video to understand how we captured the cells: C1 Single-Cell Auto Prep Array IFC WorkFlow (2 min).
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Figure adapted from Haque et al. Genome Medicine (2017). DOI: 10.1186/213073-017-0467-4 link

“Why?”,  the student asked. “This seems like a lot of expensive work. What new information is this project going to tell us about renal cell carcinoma?” 

Alex replied. “Well, the patient GP-1124 has already been treated with the gold standard drug regimen and has, unfortunately, relapsed. Each cell type has a distinct expression profile, allowing us to separate them into subtypes with differential gene expression. We can use this information to learn more about how renal cell carcinoma works and to help Dr. Ortiz predict the next combination of drugs for GP-1124 to try.” 

Alex and Dr. Ortiz are very excited about this sample - they can compare primary and metastatic tumors from the same patient! Alex and the visiting student’s lab task for the day is to prepare the libraries for NGS sequencing. As they start reviewing the library preparation protocol with the visiting student, Alex notices the student's eyes begin to glaze over. Alex gently said, “Hey, I realize that this can be a challenging concept to grasp. Before we dig back into the lab details, take a look at this video to understand the RNAseq steps Illumina Sequencing by Synthesis (5 min). That should clear things up.”


Q1. Define high-throughput technology. Explain the utility of using high throughput technology to address biological questions.

Answer: High-throughput technology is technology that utilizes advanced automation techniques in order to perform experiments on very large amounts of samples to produce usable data from an impossibly indecipherable input. Because of the small scale of biological experiments, the large majority of biological questions require thousands if not millions of pieces and combinations of data. Utilizing high-throughput technology to address biological questions allows for these large amounts of data to be analyzed in a much more manageable way than they would be able to with solely human lab-workers.  


Q2. Compare and contrast bulk RNA-seq to scRNA-seq.  Provide at least one pro and one con to each approach.

Answer: RNA-seq was developed in order to provide a method of analyzing mRNA on quantifiable levels and to connect this to an examination of related cellular responses. Bulk RNA-seq pools millions of cells while scRNA-seq looks at the characteristics of a single cell. 

Bulk RNA-seq pros: Easy to conduct and analyze. Millions of cells are pooled to produce large, robust datasets; high signal to noise ratio. 
Bulk RNA-seq cons: Masks heterogeneity in cell states, effects, and responses within the pooled population

scRNA-seq pros: Reveals heterogeneity in cell states, effects, and responses within the pooled population.
scRNA-seq cons: Hard to conduct and analyze. Single cells are analyzed which produces a “snapshot” of each cells’ transcriptome; this produces datasets with many zeros, high error, and a low signal to noise ratio


Q3. In your own words, describe and diagram the workflow from patient sample collection to processing for transcriptome analysis using scRNA-seq. You can use the drawing feature of this GoogleDoc (Insert -> drawing -> new), LucidChart, Padlet or any other electronic or analog (sketch on paper, take a picture, and insert here) tool to make this sketch 

Sample student responses:[image: ]
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Q4. Explain how extracted RNA is sequenced using Illumina sequencing chemistry. (Hint: Refer to Intro to Sequencing by Synthesis (4 min)  0:00-2:12 of “StatQuest: A gentle Introduction to RNA-seq” from Part I). 

Answer: Illumina sequencing occurs in a four step process of sample preparation, cluster generation, sequencing, and data analysis.  The strands are prepared by adding adapters and additional motifs such as indices and complementary regions.  The strands bind complementary to one of two oligo flow cell types and polymerases extend the strand before the original is washed away.  The adapter region is used to hybridize to the second oligo cell type and repeat to form a bridge with the other strand.  After cleaving and washing one away, fluorescently tagged nucleotides are added to the first sequencing primer and give off a unique light signal that is captured in parallel with many other strands at the same time.  This is repeated for the other strand using the second index.  The unique indices can be used to separate the sample libraries and similar stretches of base pairs allow clustering strands together.  The sequences can be aligned with references for identification and to resolve ambiguous alignments.


Q5. What is the purpose and significance of the barcodes in Illumina NGS? 

Answer: The barcodes are the index adapters referenced in the previous answer to Q4.  They are added to DNA or RNA fragment preparation so that you can separate and analyze more efficiently in large numbers.These barcodes are simply short nucleotide sequences that are added to the end of DNA fragments in different amplified libraries. These libraries can then all be sequenced together, the barcode data then used to separate out the results based on the original library. This allows for the saving of time and money since multiplexing like this lets concurrent sequencing and analysis occur.


Q6. As part of the sequencing submission step at the university’s on-campus, high throughput sequencing facility, Alex filled out a spreadsheet of metadata that will accompany their submission. Several days later, Alex brings the sequencing data back to the Genomic Consortium team for analysis. The team’s data science specialist, Barrent, needs to know certain pieces of information from this metadata and gives Alex a second spreadsheet to fill out. 

Fill in Barrent’s Processing_Datasheet.xls file with the appropriate information from the Sequencing_Metadata.xls metadata file.

Answer: see Instructor version of Processing_Datasheet.xls file
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