Visualization and interpretation of
high-throughput genomics data
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My lab develops computational methods and uses computational
approaches to study epigenetics and transcriptional regulation
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LET'S SOLVE THIS PROBLEM BY
USING THE BIG DATA NONE
OF US HAVE THE SLIGHTEST
IDEA WHATTO DO WITH

® marketoonist.com



Learning Objectives

« Understand common types of plots for presenting high-throughput
genomics data

« Understand essential elements of effective genomics data
visualization

* Learn key principles and tips for data presentation
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High-throughput short-read sequencing (lllumina)
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Original sequence reads are not easy to visualize
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Signal tracks are sequence fragments piled up
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Essential elements in genome browser tracks

e Chromosomal locations
 Track label

 Track scale
X: resolution?
y: normalization?
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ESCs

LSK cells

How to integrate patterns observed on signal tracks?
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TSSs sorted by expression

ATAC-seq
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Essential elements in a ripple heatmap

 Heatmap presents 3-dimensional data
« X: What loci/anchor is each row? Range?

* y: What are the rows? How many? How are
they ranked?

h: Data title/label (what signal?) color scale?

TSSs sorted by expression

ATAC-seq
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Multiple datasets visualization by ripple heatmap
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Composite plots
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Essential elements in a composite plot
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Common misinterpretations of composite plots

« Caveat 1: A peak in a composite plot may be contribute by only a
tiny fraction of regions (not representative of global picture)

« Caveat 2: A higher peak does not necessarily mean stronger
signal or more region coverage



Venn diagram presents yes/no relations between sets
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TSSs sorted by expression

Heatmaps and scatter plots are more informative than a Venn diagram
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Volcano plot for differential gene expression
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Differential gene expression visualization by heatmap
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Hi-C contact heatmap for 3D genome interactions
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Hi-C contact heatmap for 3D genome interactions
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Essential elements in a Hi-C contact heatmap
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Circos plot integrates multiple layers of genomic information
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Dixon et al. Nat Genet 2018
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Single-cell data: clustering vs. t-SNE/UMAP visualization
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Information may be lost or distorted in dimensionality reduction
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Bubble plots: NGS-based applications (-seq)

3.5

3.0

N
&)
l

N
o
|

1.5

1.0+

Gene Other
expression
Replication
Translation
Transcription
RINA Genome
bielogy organization
Genome
sequencing
Genome
regulation
5C- Exome-capture
O HITS-CLIP —— oxBS-
PARE_‘ MeDIP- FAIRE=icLip- Smart-
DNase- . PARS —
(@) TCR- NET— apture
Methyl- © ORepli— 5§ Chip-exo- MALBAC-
Seleger cip-ar-@'%” 9O 1o INSeq Orr- @ p-
® I FRAG- PAS-STRT- MeRIP- = .
DeepSAGE Bar-@@ FRT= Deep @ o @ SELEX- Cel—p fCAB-
° HELP-e Sono- Mut. Scan. SHAPE- G STARR-
Nextera UMI. O TI_. ATAC-
TRAP- TS—Fli MPFD PRO-
GCC- ©o 3- o HITS Flip ) O
o BisChiIP-  NOMe- e
© dsRNA- o ® 4c- o TIF- FIS
PDZ- ° CLASH _ Nascent- Quartz-
° Hu-PARTE Cap- BALY
s smMP- 9% LR-
Tn5mC-eo
. IMS-MDA- @ Cir-
DeepCAGE PBAT- GAB- 8 TIVA-
0s- . ~ Capture-C-
(-]
OBr _ PD_ 'CE— .
Bubble- o RNA-MaP
° -]
TAmC- HITS-KIN
ARS- Frac.—
Stable-
' 2006 ' 2007 2008 2000 ' 2010 ' 201 ' 2012 ' 2013 ' 2014

31
Reuter et al. Mol Cell 2015



Summary

Genome browser track Composite curve Venn diagram Volcano plot tSNE/UMAP scatter plot
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Some tips



Gran IMM (RPKM)
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Scatter plot

* The density of the data points matters!
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Choose the appropriate axis scale for plotting
(linear or logarithm)
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Can you spot any issue with these bar plots?
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Plots from Cell 2014
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Can you spot any issue with these bar plots?
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Bar chart y-axis should always start at 0, and on a linear scale.
If the difference is small, box plots or original data points are better.

Plots from Cell 2014



Isotopically Light (%)

Another example
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H3K4me2

Scatter plot? Group them if needed
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However, grouping should be fair/unbiased
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Scale matters!

0.25 LIGHT-YEARS
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Areas of Russia, France and
Vatican compared*

*not to scale

Scale matters. It does!

Twitter/X
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Take-Home Tips

Always check the axes and pay attention to the scale.
Bar charts should always start at zero, on a linear scale.
Pay attention to data point density in scatter plots.

Group data points when needed, but do it in an unbiased way.



Having the data is not enough;

presentation and interpretation matter
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Thank you very much!

zang@yvirginia.edu
zanglab.org
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