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See the Frequently Asked Questions, Resources,
and Contact tabs for additional information on
how to use and troubleshoot FastBMD

Begin this tutorial by clicking Start Analysis

Scroll down for more information!

There are three example datasets,
showcasing the microarray, RNA-seq, and
ecological species workflows

For this analysis,
select the first
example dataset
Click on the dataset
names to see what
they look like

Samples are named in the top row. The first cell
contains the #NAME tag. Any meta-data are in the
next rows. Here we only have one type of meta-data,
in a row with the #DOSE tag.

Input data are formatted as matrices of gene
expression values. They are saved in .txt files.

Each row starts with a gene ID (here, Entrez).
See the FAQs for a list of supported IDs for
each species.

The tree nodes will fill in to track the analysis
progress. Clicking nodes on the right side will
navigate to that page. Clicking nodes on the left side
will download a file of the results from that step.

Clicking the Download All button will generate and
download a .zip file with all the data files and figures
produced by the analysis.

Click the Proceed
button to navigate to
the next page.

This page summarizes the structure, meta-data, and
annotation of the uploaded data. It also displays box
plots and PCA plots to help identify outliers and
ensure that the raw data looks as expected.

Click the Proceed
button to navigate to
the next page.

The filtering sliders are set to some default
values that are within conventionally
accepted values for transcriptomic analysis

This example dataset is already normalized, so
leave the selection to None and click Submit

Filtering removes data that are unlikely to be informative or are simply
erroneous. Normalization ensures that the distribution of expression values for
each sample are similar across the entire experiment. See the FAQs and manual for
more details on which filtering thresholds and normalization methods to choose.

The QA/QC plots are re-generated so that
you can see how filtering & normalization
has changed the data structure

Click the Proceed
button to navigate to
the next page.

This shows the overall
number of DEGs. You can
adjust the filters and click
Submit again if there are
too many or too few genes.
For the interactive pathway
analysis, we suggest < 800
DEGs to keep the loading
times down.

FastBMD pre-filters the genes using fold-change
and p-value thresholds from differential
expression analysis. Pre-filtering the genes
prior to curve-fitting both saves time and
reduces the amount of noise in the final result.

Change the Selected Comparison to see MA and
Volcano plots for different dose groups.

Make sure that FastBMD is using the correct
meta-data labels and control group

Keep the fold-change and p-value defaults
and select FDR, then click Submit
Click the Proceed
button to navigate to
the next page.

To calculate gene-level BMDs, up to 10
statistical models are fit to the expression
of each gene. Any model fits with a poor fit
are filtered out, and then the best fitting
model is chosen based on AIC and used to
compute the BMD

The BMR factor and Control
expression determine how the
benchmark response is
calculated. See the FAQs for
more details.

The Poly3 and Poly4 models can
be unpredictable, so we
recommend only using them if
you expect non-monotonic
responses

You can manually enter the units
and dose scale to customize the
rest of the plots to match your
dataset.

See the next page for an
explanation of these plots …

This shows the number of best fitting models that
passed the lack-of-fit p-value threshold, for each
model type. The number of models with BMDs that
did not pass all of the BMD quality thresholds are
represented in black.

This is a density plot summarizing the distribution of
geneBMDs. The vertical bars show omicBMDs that have
been calculated based on this distribution. The red line
indicates the omicBMD20, which is equal to the 20th
lowest geneBMD. The blue line is the omicBMD10th,
which equals the 10th percentile of geneBMDs. Finally,
the yellow line is the omicBMDmode, which equals the
mode of the first peak in the distribution.

The results table shows the BMDs and their lower (BMDl)
and upper (BMDu) confidence intervals. The results are
sorted by their BMD values, from low to high. Note that for
lack-of-fit p-value, higher means a higher quality fit.

Clicking on a gene name will
bring open a new tab with that
gene’s profile in NCBI

Clicking on this icon will generate
the dose-response curve for that
individual gene. The solid and
dotted lines indicate the BMD and
upper/lower CI for that curve.

All the parameters can be left as their
default values for this page. Click Submit.

You can click Generate Report
at any time to produce a PDF
summary of all selected
parameters and results plots.

Click the Proceed
button to navigate to
the next page.

Use these links to navigate
back to previous pages

1 - Use these squares to
change the appearance of
the density plot.

4 - Clicking on the Entrez ID will open
that gene’s profile in NCBI. Clicking the
gene name will generate an individual
dose-response curve in the panel below.

2 - To do gene set enrichment, select
the library of interest from the Database
menu and click Submit. Gene set
analysis is based on Fisher’s Exact Test.

3 - By default, all pathways are
returned, ordered based on their
pathBMD. To filter based on
statistical significance and
number of hits, change these
values and click Filter.

This page allows for interactive exploration of
pathway-level BMDs. First, gene set
enrichment is done with the list of
geneBMDs. Next, the pathBMD is calculated
for each gene set as the bootstrapped median
of all gene set geneBMDs.

Sometimes we are interested in a particular
section of the geneBMD distribution. Perhaps
there is a smaller peak and we want to know
which pathways it contains. The density plot
is interactive to allow you to conduct gene set
analysis on any portion of the distribution.

4 - Click Reset when finished

1 - Drag the mouse to
select part of the
distribution

3 - The table and range
summary will be updated to
reflect the selected genes

2 - Confirm the range and click
Ok. FastBMD will compute
gene set enrichment using
only the genes in the
highlighted range.

2 – Change the color

Pathway genes are
highlighted to make it
easier to investigate their
dose—response behavior

1 – Select a pathway

3 – Select another
pathway

Clicking the pathway name places vertical
lines on the geneBMD distribution for each
gene in the pathway. By changing the color
before clicking another pathway, you can
visualize the dose at which different pathways
are impacted.

Clicking the pathway name also generates a heatmap
summarizing the dose-response behaviour of all pathway
genes. For each gene, the fitted model is evaluated along
the entire dose range. The control value is given a blue
color and the maximum deviation from control is red. Then,
all values in between are colored according to a blueyellow-red gradient. GeneBMDs are indicated with the
black lines, and the red/green boxes show whether the
gene is up or down-regulated in response to chemical
exposure.

The End!

For more details on the statistical methods, see the
FAQs and User Manual (under the RESOURCES tab)

