
BENG 183. Applied Genomic Technologies 

Overview of course modules, homework assignments, and exams 

1. Required materials 

1. Applied Genomic Technologies (course handout), https://github.com/Zhong-Lab-

UCSD/BENG183_2022Fall_Applied-Genomic-Technologies   

2. 3D Genome (eBook). Authors: Xingzhao Wen and Sheng Zhong, Open Access Publications 

from the University of California (eScholarship), https://zhonglab.gitbook.io/3dgenome   

3. Introduction to Probability, Statistics, and Random Processes, Hossein Pishro-Nik, Kappa 

Research, LLC. August 24, 2014. ISBN-10: 0990637204. ISBN-13: 978-0990637202. Please 

note that the textbook is also freely available online: https://www.probabilitycourse.com/ 

4. Course slides 

 

2. Lecture formats 

The lectures will be composed of interactive online lectures and pre-recorded videos. Please use 

Zoom for the interactive online lectures. Please study the pre-recorded videos  

3. An overview of course modules and homework assignments 

• Module 1: DNA sequencing, RNA sequencing, and ChIP sequencing 

o Lectures 1 – 4. 

o Homework 1.  

• Module 2: Analysis of RNA-seq data 

o Lectures 5 – 7.  

o Homework 2. 

• Module 3: Genome interaction and a primer to precision medicine 

o Lectures 8 – 10. 

o Homework 3 

• Module 4: Random variable and hypothesis testing. 

o Lectures 11 – 13. 

o Homework 4. 

• Module 5: A primer to machine learning and applications to cancer classification. 

o Lectures: 14 – 16.  

o Homework 5.  

• Module 6: Group presentations. 

o Sessions: 17 – 18.  

 

4. An overview of midterms and final presentation 

• Midterm I: covering all materials in Modules 1 and 2.  

• Midterm II: covering all materials in Modules 3, 4, and 5.  

• Final presentation: please choose any course lecture as the content for your final 

presentation.   

 

5. Course lectures 

https://github.com/Zhong-Lab-UCSD/BENG183_2022Fall_Applied-Genomic-Technologies
https://github.com/Zhong-Lab-UCSD/BENG183_2022Fall_Applied-Genomic-Technologies
https://zhonglab.gitbook.io/3dgenome
https://www.probabilitycourse.com/
https://drive.google.com/drive/folders/1ss6OBxDVOfm6eLcfNHI5GkY3kDk6PMP5?usp=sharing


Module 1: DNA sequencing, RNA sequencing, and precision medicine 

Lecture 1. A brief review of molecular biology  

• General information of this course 

o Course description and studying goals 

o Course schedule 

o Evaluation  

o Final presentation and final paper 

• The following review materials are for you to review or self-study.  

o Required reading materials:  

▪ 3D Genome eBook, Chapter 0.1: Molecular Biology. 

▪ Lecture 1’s slides 

▪ YouTube: Molecular Biology 

▪ YouTube: RNA world hypothesis 

o Core concepts:  

▪ Restriction enzyme 

▪ Hydrogen bonds 

▪ Gel electrophoresis 

▪ PCR 

▪ DNA sequencing 

▪ RNA world hypothesis 

Lecture 2. DNA sequencing (pre-recorded lecture video) 

• Required reading materials:  

o 3D Genome eBook, Chapter 0.2: Sequencing Technologies. 

o Lecture 2’s slides 

o YouTube: Sanger Method - Reading DNA Strand Sequences after Gel 

Electrophoresis 

o Wikipedia: Sanger sequencing  

o YouTube: Illumina sequencing by synthesis 

• Optional reading materials: 

o Illumina Sequencing by Synthesis 

• Core concepts:  

o Sanger sequencing 

o DNA synthesis by primer extension 

o Chain termination of PCR 

o PAGE (Polyacrylamide gel electrophoresis) 

o Automation of Sanger sequencing with fluorescent nucleotides 

o Sequencing by DNA Synthesis 

Lecture 3. RNA sequencing  

• Reading materials: 

o Couse handout, Chapter 3.1 

o Lecture 3’s slides 

• Core concepts:  

https://zhonglab.gitbook.io/3dgenome/chap0-preparation/0.1-molecular-biology
https://www.youtube.com/watch?v=yYIZgS-L5Sc
https://www.youtube.com/watch?v=K1xnYFCZ9Yg
https://zhonglab.gitbook.io/3dgenome/chap0-preparation/0.2-sequencing-technologies
https://www.youtube.com/watch?v=c2bAtGycqx4
https://www.youtube.com/watch?v=c2bAtGycqx4
https://en.wikipedia.org/wiki/Sanger_sequencing
https://www.youtube.com/watch?v=fCd6B5HRaZ8
https://www.illumina.com/science/technology/next-generation-sequencing/sequencing-technology.html


o Genome structure 

o Gene structure 

o Non-coding elements in the genome 

o Gene regulation 

o Genome size paradox 

o The multiple levels of gene regulation 

o Transcription regulation 

o The RNA-seq technology 

o Differential expression 

o Gene expression matrix and heatmap 

o Two-sample comparison 

Lecture 4. ChIP sequencing (pre-recorded lecture video) 

• Reading materials:  

o Lecture 4’s slides 

o Couse handout, Chapter 4.  

o 3D genome eBook, Chapter 2.2: Experimental techniques for accessing primary 

order chromatin 

o 3D genome eBook, Chapter 3.1: Computational analysis, primary order analysis 

• Core concepts:  

o Functional features of the genome 

o ChIP-seq technology 

o FASTQ format 

o Quality scores for sequencing data 

o Mapping sequencing reads 

Module 2: Analysis of RNA-seq data  

• Reading materials for this entire module:  

o 3D Genome eBook, Chapter 0.3: RNA-seq Data Analysis: Mapping and 

Quantification. 

o 3D Genome eBook, Chapter 0.4: RNA-seq Data Analysis: Differential Gene 

Expression. 

Lecture 5. RNA-seq data analysis, part 1 (pre-recorded lecture video) 

• Reading materials:  

o Lecture 5’s slides  

• Core concepts:  

o Alternative splicing  

o Alignment of sequencing reads to the genome 

o Visualization of the alignment output file (BAM file) 

o Normalization of RNA-seq data 

o RPKM (Reads Per Kilobase of transcript per Million mapped reads) 

 

Lecture 6. RNA-seq data analysis, part 2  

• Reading materials:  

https://zhonglab.gitbook.io/3dgenome/chap2-experiment-tools-for-exploring-genome-interaction/2.2-primary-order
https://zhonglab.gitbook.io/3dgenome/chap2-experiment-tools-for-exploring-genome-interaction/2.2-primary-order
https://zhonglab.gitbook.io/3dgenome/chapter2-computational-analysis
https://zhonglab.gitbook.io/3dgenome/chap0-preparation/0.3-rna-seq-data-mapping-and-gene-quantification
https://zhonglab.gitbook.io/3dgenome/chap0-preparation/0.3-rna-seq-data-mapping-and-gene-quantification
https://zhonglab.gitbook.io/3dgenome/chap0-preparation/03-rna-seq-differential-analysis
https://zhonglab.gitbook.io/3dgenome/chap0-preparation/03-rna-seq-differential-analysis


o Lecture 6’s slides  

• Core concepts:  

o RPKM (Reads Per Kilobase of transcript per Million mapped reads) 

o FPKM (Fragments Per Kilobase of transcript per Million mapped reads) 

o TPM (Transcripts Per Million) 

o Relationship between TPM and FPKM 

 

Lecture 7. RNA-seq data analysis, part 3 (pre-recorded lecture video) 

• Reading materials:  

o Lecture 7’s slides  

• Core concepts:  

o STAR software 

o Reads mapping 

o FeatureCounts software 

o Quantification of gene expression 

o DESeq2 software 

o Detection of differentially expressed genes 

o Metascape software 

o Detection of enriched biological functions  

 

Module 3: Genome interaction and a primer to precision medicine 

Lecture 8. Genome organization, Hi-C (pre-recorded lecture video) 

• Reading materials:  

o Lecture 8’s slides 

o 3D Genome eBook, Chapter 1.1: from 2D to 3D nuclear structure  

o 3D Genome eBook, Chapter 1.3: intra- and inter-chromosomal interactions 

o 3D Genome eBook, Chapter 2.3: Higher order C-techs 

• Core concepts:  

o Enhancer-promoter interaction 

o Folding of the chromosomes 

o Hi-C technology  

Lecture 9. RNA-RNA, RNA-DNA interactions (pre-recorded lecture video) 

• Reading materials:  

o Lecture 9’s slides 

o 3D Genome eBook, Chapter 4.1-4.2  

o Systematic mapping of RNA-chromatin interactions in vivo. Bharat Sridhar et al., 

Current Biology, 2017, 27(4): 602–609. 

o Mapping RNA-RNA interactome and RNA structure in vivo by MARIO. Tri C. 

Nguyen et al., Nature Communications, 2016, 7:12023. 

• Core concepts:  

o The non-coding parts of the human genome 

o RNA-RNA interaction 

o RNA-DNA interaction 

https://zhonglab.gitbook.io/3dgenome/chapter1-why-we-care-about-3d-genome/3d-nuclear-structure
https://zhonglab.gitbook.io/3dgenome/chapter1-why-we-care-about-3d-genome/1.3-from-intra-to-inter-chromosomes-talk
https://zhonglab.gitbook.io/3dgenome/chap2-experiment-tools-for-exploring-genome-interaction/2.3-higher-order-c-techs
https://doi.org/10.1016/j.cub.2017.01.011
https://www.nature.com/articles/ncomms12023


Lecture 10. A primer to precision medicine  

• Reading materials:  

o Lecture 10’s slides 

o Couse handout, Chapter 5.1 – 5.4 

o YouTube: Personal medicine 

• Core concepts:  

o Personalized medicine 

o Gene expression assays 

o Sensitivity and specificity  

o Differential expression 

o Gene expression matrix and heatmap 

o Two-sample comparison 

Module 4: Random variable and hypothesis testing.  

Lecture 11: Random variable and cumulative distribution function (pre-recorded lecture 

video) 

• Reading materials: 

o Pishro-Nik book chapter 3.1 – 3.1.4.  

o Pishro-Nik book chapter 3.2.1. 

o Pishro-Nik book’s accompanying videos:  

▪ Video 3.1 – Introduction to Random Variables: Discrete Random 

Variables - Part 1  

▪ Video 3.2 - Discrete Random Variables, PMF, Independent Random 

Variables 

▪ Video 3.5 – CDF for Discrete Random Variables 

• Pre-recorded lecture video 

• Core concepts:  

o Random variable (RV) 

o Discrete random variable 

o Probability mass function (PMF) 

o Cumulative distribution function (CDF) 

• Not required contents: book chapters other than 3.1 – 3.1.4 and 3.2.1.   

 

Lecture 12. Hypothesis testing (pre-recorded lecture video) 

• Reading materials:  

o Pishro-Nik book chapter 8.4.1-8.4.2, chapter 8.4.4.  

o Couse handout, Chapter 6.1 

o Lecture 12’s slides  

• Pre-recorded lecture video 

• Core concepts:  

o Null and alternative hypotheses 

o Test statistic 

o P-value 

• Not required contents: Pishro-Nik chapters 8.1 – 8.3. 

https://www.youtube.com/watch?v=HQKFgfMO5Sw
https://www.probabilitycourse.com/
https://www.probabilitycourse.com/
https://www.probabilitycourse.com/
https://www.probabilitycourse.com/videos/chapter3/video3_1.php
https://www.probabilitycourse.com/videos/chapter3/video3_1.php
https://www.probabilitycourse.com/videos/chapter3/video3_2.php
https://www.probabilitycourse.com/videos/chapter3/video3_2.php
https://www.probabilitycourse.com/videos/chapter3/video3_5.php
https://www.probabilitycourse.com/


 

Lecture 13. Acceptance and rejection regions (pre-recorded lecture video) 

• Reading materials:  

o Pishro-Nik book chapters 8.4.2 and 8.4.4.  

o Couse handout, Chapter 6.1 

• Core concept: 

o Acceptance region and rejection region 

o Type I error 

o Significance level 

o Type II error 

• Not required contents: Pishro-Nik chapter 8.4.5. 

 

Module 5: A primer to machine learning and cancer classification.  

• Required reading material for this entire module: Couse handout, Chapter 7.1 

Lecture 14. An introduction to classification  

• Reading materials: 

o Lecture 14’s slides 

• Core concepts: 

o Classification 

o Feature selection 

o Training data and testing data 

o True positives and true negatives 

o False positives and false negatives 

o Precision and recall 

Lecture 15. An introduction to clustering  

• Reading materials: 

o Lecture 15’s slides 

• Core concepts: 

o Hierarchical clustering 

o Distance 

o Dendrogram 

o K-means clustering  

o Iterative algorithm 

Lecture 16. An introduction to liquid biopsy and cancer classification by extracellular RNA 

(pre-recorded video) 

• Reading materials:  

o Lecture 16’s slides  

o The future of liquid biopsy, Nature, 2020, 579, S9 

o Extracellular RNA, Nature, 2020, 582, S1 

o Extracellular RNA in a single droplet of human serum reflects physiologic and 

disease states. PNAS, 2019, 116:19200–19208. 

https://www.probabilitycourse.com/
https://www.nature.com/articles/d41586-020-00844-5
https://www.nature.com/articles/d41586-020-01762-2
https://www.pnas.org/content/pnas/116/38/19200.full.pdf
https://www.pnas.org/content/pnas/116/38/19200.full.pdf


• Core concepts:  

o Liquid biopsy 

o Circulating tumor cells (CTC) 

o Cell-free tumor DNA (ctDNA) 

o Extracellular RNA (exRNA) 

o ROC (Receiver Operating Characteristic) curve 

 

Module 6: Group presentation. 

 

Session 17. Student group presentations, part 1. 

  

Session 18. Student group presentations, part 2. 

  

 


