Table S1: OPTIMAL CASE STUDY: Short Sequencing Reads Alignment and
Visualization

Scientific question, analysis methods, expected outputs

ChlP-seq is a technique used to measure transcription factor (TF) binding by sequencing
DNA fragments that have been pulled down by an antibody specific to the TF. The number of
reads sequenced at a genomic region is proportional to the likelihood of the TF binding to that
region. In this session, we will instruct ChatGPT to align the sequencing reads back to a
reference genome and generate a file in bigwig format for visualizing the distribution of the
reads across the genome.

We generated two sequencing files of different depths for a CTCF ChlP-seq library in human
ESC H1 cell line from ENCODE, one containing one million reads and the other containing
ten million reads. We explored the impact of sequencing depth on TF prediction for the CTCF
protein. Results will be compared to the visualization of the distribution generated by
ENCODE.

Tools to be used: Bowtie2, samtools, and deepTools.

Coding language(s)
Bash

PREREQUISITE KNOWLEDGE

1: Have a good understanding of what is ChlP-Seq and key steps involved in this specific
data analysis. ChatGPT may be used to provide some hints on this by prompts such as “What
is ChlP-Seq?” and “Starting from a fastq sequencing file with a good quality for a ChIP-Seq
library, illustrate the key steps of analysis leading to visualize the read distribution across a
reference genome.” If use ChatGPT as an assistant for this, instructor should guide students
how to identify relevant response, figure out missing part, and filter out irrelevant response.

2: Ensure necessary packages are installed, including Bowtie2, samtools, and deepTools.

3: Ensure relevant input files are available: two fastq files (available upon request) and
bowtie2 index file for the human genome.

4: Knows how to read and run bash commands

DEFINE CHATBOT’S BEHAVIORS

Act as an experienced bioinformatician proficient in ChIP-Seq data analysis, you will assist
me by writing code with number of lines as minimal as possible. Rest the thread if asked to.
Reply “YES” if understand.

ITERATION 0

Prompts

| have two fastq files in current folder from single-end sequencing of a ChlP-Seq library:
ENCFFOOOAVS_1m.fastq.gz, and ENCFFOO00AVS_10m.fastq.gz. For each fastq file, align
reads to the human reference genome, save to bam file, and then covert it to bigwig file.
Tools to use: bowtie2, samtools, and deepTools. The index for bowtie2 is in the folder
“../data/indx/bowtie2_whole_genome/” with “hg38” as the prefix. Use 24 CPU for the
alignment. Please draft the code in bash.

Code

#!/bin/bash

# Define variables
INDEX="../data/indx/bowtie2_whole_genome/hg38"
CPUS=24




FASTQ1="ENCFFO00AVS_1m.fastq.gz"
FASTQ2="ENCFFO00AVS_10m.fastq.gz"

# Align reads to reference genome using bowtie2
bowtie2 -p $CPUS -x $SINDEX -U $FASTQ1 | samtools sort -@ $CPUS -o ENCFF000AVS_1m.bam
bowtie2 -p $CPUS -x $INDEX -U $FASTQ2 | samtools sort -@ $CPUS -o ENCFF000AVS_10m.bam

# Convert BAM files to bigWig format using deepTools
bamCoverage -b ENCFFO00AVS_1m.bam -o ENCFFO00AVS_1m.bw --binSize 10 --normalizeUsing CPM
bamCoverage -b ENCFFO00AVS_10m.bam -o ENCFFO00AVS_10m.bw --binSize 10 --normalizeUsing CPM

Assessment*

The alignment worked well. However, error message indicates that bam files are not indexed.
This error message was passed to ChatGPT and see its response.

ITERATION 1

Prompts

[E::idx_find_and_load] Could not retrieve index file for 'ENCFFO00AVS_1m.bam'

Code

#!/bin/bash

# Define variables
INDEX="../data/indx/bowtie2_whole_genome/hg38"
CPUS=24

BAM1="ENCFF000AVS_1m.bam"
BAM2="ENCFFO00AVS_10m.bam"

# Sort BAM files using samtools
samtools sort -@ $CPUS -o ENCFFO00AVS_1m.sorted.bam $BAM1
samtools sort -@ $CPUS -o ENCFFO00AVS_10m.sorted.bam $BAM2

# Index sorted BAM files using samtools
samtools index ENCFFO00AVS_1m.sorted.bam
samtools index ENCFFO00AVS_10m.sorted.bam

# Convert BAM files to bigWig format using deepTools
bamCoverage -b ENCFFO00AVS 1m.sorted.bam -o ENCFFO00AVS_1m.bw --binSize 10 --normalizeUsing CPM
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Figure legend: Distribution of CTCF ChIP-Seq reads on human H1-hESC across a genomic
region of 198 kb. Y-axis for the first two tracks (ENCFFO00AVS_1m.bw and
ENCFFOOOAVS_10m.bw) are normalized reads density (CPM: count per million), generated
by running codes drafted by chatGPT. Y-axis for the last track represent fold change over
control from ENCODE using all the sequencing reads (ENCFF332TNJ.bigWig; 24.6 million).

Assessment*

The chatbot said that “bamCoverage requires that the input BAM file is sorted by genomic
position” and generate code to satisfy this requirement. | confirmed that the missing of index
error message was issued by bamCoverage. The code ran successfully and generated
bigwig files for both fastq files.

The bigwig files were uploaded to IGV for visualization. We assessed the results by
comparing to the bigwig from ENCODE. The results are generally consistent. The more
sequencing depth, the more peaks will be observed.

WRAPPING UP

Review the final codes
Review the code comments added by ChatGPT and identify key steps, as represented by
functions and parameters, that are missing in the initial prompts.

Prompts

| need to insert line-by-line comments to the below code which works well to address the
needs for the data analysis task. Wait for my code.

Code with explanations

#!/bin/bash

# Set the path to the bowtie2 index
INDEX="../data/indx/bowtie2_whole_genome/hg38"







*The writing has been polished by ChatGPT after an initial human draft
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