
GENOME 569
Class 2: Single-cell RNA-seq & NGS read alignment



What is a bioinformatics workflow?

A bioinformatics workflow is the collection of 
scripts, programs, and procedures you use 

to transform your data into a paper. 



Goals for the course

Learn how to write reproducible workflows to 
analyze your data.

Learn how to use some awesome software tools.

Become a better programmer.



A bit about me
• High-school: worked as student software engineer for US Army


• College: software engineer for stock, futures, & foreign currency broker


• After college: software engineer for a “Business intelligence” company


• Grad school: Computer science (supercomputing, then bioinformatics)


• Postdoc: RNA biology, stem cell biology, genomics tech dev


• Now: single-cell genomics tech dev, developmental bio



A bit about you?



What you will learn in this class

• How to automate tedious and computationally intensive jobs with 
Snakemake and UNIX tools


• How to explore a dataset with R


• How to make your data analysis and figure generation reproducible


• How to use AI coding tools to accelerate your work and learn about new 
tools



The Classes

• Before each class, I will give you a lot of stuff to read, but it will be fun


• I will present some slides on a couple of really awesome programming 
tools each class. 


• Then you will do some in class exercises with them - these will build up a 
bioinformatics workflow over time.



The Projects

1. A pipeline to process raw single-cell RNA-seq reads


2. An electronic lab notebook that encapsulates your exploration of the 
dataset



A typical scenario in grad school



C. elegans

Image courtesy of  NIH



The worm has an invariant cell lineage





A single-cell atlas of the developing worm embryo



Single-cell RNA-seq captures fate decisions



Multi-lineage priming is pervasive in the worm



“The lineage of the ASE, ASJ, and AUA neurons (spanning embryo time ~215 to 
650 min) serves as a representative example (Fig. 3C). Approximately three or 

four TFs are specific to each terminal neuron type in this lineage (Fig. 3D). 
Similar numbers of branch-specific TFs were observed for other lineage 

bifurcations (fig. S22)”

“Multilineage priming events are distributed throughout several 
generations of both the ectoderm and mesoderm (fig. S24), 

demonstrating that it is a common and pervasive mechanism of gene 
regulation.” 

- Packer et al

“We need to re-analyze this dataset!!!” 
- Your PI

https://www.science.org/doi/10.1126/science.aax1971#
https://www.science.org/doi/10.1126/science.aax1971#


Project Phase I



Clone the starter project repo

Click on the link I post to slack: https://classroom.github.com/a/x_7YyFYs

coletrapnell-teaching/packer-workflow-starter—<your_gihub_id>.git 

Now check out the README.md



Single-cell RNA-seq



Droplet-based Single-cell RNA-seq (10X)



Droplet-based Single-cell RNA-seq (10X)



Droplet-based Single-cell RNA-seq (10X)



10X RNA-seq read structure (v1)



Droplets contain ~1 cell (“Poisson loading”)



The 10X bioinformatics workflow
Cells

Genes

Most genes detected in few cells - matrix is very sparse!





Measuring gene expression with NGS

Garber, Grabherr, Guttman, & Trapnell, Nature Methods 2011

The number of reads from a transcript is proportional to its abundance.

With random RT primers, you also need to correct for transcript length.





Aligning RNA-seq reads

Trapnell & Salzberg, Nature Biotechnology 2009



Aligning RNA-seq reads



Software for mapping NGS reads
Tool DNA/RNA Mapping strategy

bwa DNA Burroughs Wheeler

Bowtie DNA Burroughs Wheeler

TopHat RNA Burroughs Wheeler + linkage

HISAT RNA Burroughs Wheeler

STAR RNA Suffix arrays

Many others (some highly specialized), but these are the most popular



STAR



Problem: map NGS reads to a genome

    STAR \ 
        --runThreadN 8 \ 
        --genomeDir $INDEX \ 
        --genomeLoad LoadAndKeep \ 
        --readFilesIn $INPUT/$FILE \ 
        --readFilesCommand zcat \ 
        --outFileNamePrefix $OUTPUT/$SAMPLE. \ 
        --outSAMtype BAM Unsorted \ 
        --outSAMstrandField intronMotif

Solution:



Sample problem 1

Download “small_reads.fastq”

Use STAR to map these reads to the worm genome:

wget https://ctrapnell.github.io/genome569/example_files/small_reads.fastq 

STAR --genomeDir ~coletrap/teaching/genome569/reference \ 
     --readFilesIn small_reads.fastq \ 
     --outFileNamePrefix example/ \ 
     --outSAMtype BAM Unsorted \ 
     --outSAMstrandField intronMotif

$ module load STAR/latest

https://ctrapnell.github.io/genome569/example_files/small_reads.fastq


SAM



Problem: store alignments in a standard format

Solution:



Example alignment



Example alignment

Read 
name

Where the 
Read maps

What’s 
different

The original 
Read sequence

Additional 
metadata



Key features of SAM
Widely adopted. Nearly every read aligner uses it, many analysis tools 

accept it as input

“Lossless” - SAM files include all the information in the raw reads (even 
those that don’t map to the genome)

Can be stored in a binary format and heavily compressed

Can be indexed for fast lookup. You can easily extract all the alignments 
for a specific locus.



samtools



Problem: extract alignments in a given locus

Solution: samtools view input.bam <region> 

chr1:19200776-19220776

Regions look like this:





samtools tview input.bam



BED



BED

Widely used to annotate genomes with intervals of interest

Simple, tab-delimited text file

Not very extensible, so used for very simple features (e.g. enhancers)

Browser Extensible Data format introduced by UCSC genome browser

FYI gene models typically stored in GFF or GTF format, which is much more 
complex.



WS260.rRNA.genes.bed

Chromosome Start Stop Feature name “Score” Strand



bedtools



Problem: compute overlap between BED files

Solution: bedtools intersect -a reads.bed -b genes.bed 

This command computes the number of bases in file “B” that are 
covered by intervals in file “A”.



Bedtools has many utilities
Command Function

bamtobed Convert a BAM file to a BED file

closest For each interval in one file, find the closest in another

overlap Compute the overlap between intervals

merge Merge intervals that overlap

subtract Remove the overlapping regions from intervals

And many, many, many more functions. 
Many with multiple modes of operation.



Sample problem 2

Download “genes.bed”

Use bedtools to count the number of reads you just mapped that hit 
each gene.

samtools sort example/Aligned.out.bam > example/sorted.bam 

bedtools intersect -a genes.bed -b example/sorted.bam -wa -c 



Sample problem 2

I       11947001        11953126        WBGene00011060  255     +       1 
I       11953512        11961984        WBGene00002004  255     -       15 
I       11971179        11971797        WBGene00044805  255     -       0 
I       11979401        11985612        WBGene00013135  255     +       1 

Note that the output is a BED file! The “score” field I told you to ignore 
earlier has the results.



THE END
For now


