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o Gene Regulatory Networks (GRN) consist of genes, transcription factors, and
the regulatory connections between them «

« Protein-Protein Interactions (PPI) are the binding relationships between

N
Ny proteins "Uu’”&?‘l(’"
® Glf{Néiéht is an open source wisualization tool that allows for easier medetling= W
of GRNs and PPls
u‘e « SRNsTght transitioned our database source from YeastMine to AllianceMine
» GRNSsight has improved PPI support for node coloring
e GRNs have directed edges to indicate regulatory relationships (activation or

repression), with-edge-thiekmess-ineieatimgTegutetion-strengtt™ PPls have_\/\%J
undirected edges to indicate physical binding
e New graph functionality allows users to restrict the graph to the viewport. JW

* GRNsight switched Cl tools from Travis Cl to Github Actions
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Outline Gene expression is the flow of information in a cell from DNA to RNA
» Gene Regulatory Networks (GRN) consist of genes, transcription factors, and to thesfiRal protein
the regulatory connections between them — <l N
in-Protein Interactions (PPI) are the binding relationships between
zation tool that allows for easier madeling l ”m
ned our database source from YeastMine to AllianceMine mRNA Mp ¢ /;
° PP support /
. ges to indicate regulatory relationships (activation or l -
n), with adge thickness indicating regulation strength. PPIs have . @ 6! W
d edges to indicate physical binding
° graph functionality allows users to restrict the graph to the viewport
e GRNsight switched Cl tools from Travis Cl to Github Actions T B e et
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Regulatory Transcription Factors bind to DNA'and turn on (activate)
or turn off (repress) gene expression

+ In yeast, ~250 regulatory transcription
factors regulate ~6000 genes.

+ In humans, ~500 regulatory transcription
factors regulate ~20,000 genes.

FDEI01. tclecule o ftormin D receplor, RCSS PDB-101
it 3b crgmotm/155

A Gene Regulatory Network (GRN) consists of genes, transcription
factors and the regulatory connections between them which govern
the level of expression of mMRNA and protein from genes

PDB101 Nalecule of the Monih Vitamin D receptor, RCSS: PDB-101
hiIps /6101 rosb argimatrt
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Protein-Protein Interactions refer to the physical
interactions of proteins binding to each other - the

basis of nearly all cell functions
Protein-Protéi

proteins
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Outline Large gene regulatory networks are difficult to visualize
- Gene Regulatory Network (GRN)
of 106 Transcription Factors in Yeast
o P
» GRNsight is an open source visualization tool that allows for easier modeling
of GRNs and PPls
nceMine
*
o
L] e grapn to the v
¢ GRN thub Ac
Lee et al. (2002)
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Large gene regulatory networks are difficult to visualize

Gene Regulatory Network (GRN)
of 106 Transcription Factors in Yeast
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Select network and = R RSl Dynamical systems
expression data in = I Sl modeling using GRNmap
GRNsight

Visualization of
modeling results using
GRNsight

Lee et al. (2002)
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GRNsight is part of an open science ecosystem

Open Access Open
(creative commons) ) € Sg::: \
N /
Open Data

Open Science Yomd

(open process)

-
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Research Integrity
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GRNsight rapidly generates graphs using customizations'\to the Open
Source D3 Library !

[l Ree| GRINsight

\ With thanks to John Jungck
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To get started quickly, GRNsight also provides different demos

gl GRNsight L |

Users can import networks via File Upload

LMUILA
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The imported file need to be in supported formati(SlF, GraphML,and
Excel) ' )

= 0

Users can construct custom networks from Saccharomyces Genome
Database (SGD) by loading from our database

gl GRNsight LIy |
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Users can switch different network types between GRN and PPI

Users can choose different network source:
with new data each year

LMU LA

GRNsight ..

$;since GRNsight refreshes

19 20
pp— Starting in 2025, AllianceMine is fife GRNsight's new database source
because YeastMine is no longer supported
°
L]
. ht is an open sou s for
o Image TBD
° se source from YeastMine to AllianceMine
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. graph to the viewport '
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: Nodes can be colored via a 3h Off toggle
Outline U L/ 99
o Gene Regulatory Networks (GRN) consis
t gulatory connections bety
s P n-Protein Interactions (PPI) n
pre - | Grosight e Node Coloring Off
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AllianceMine e
» GRNsight has improved PPI support for node coloring St
e GRNs have directed edges to indicate r T
repression), with edge thickness indicating r
undirected edges to indicate ph
e New graph functionality allows users to ewport
° ht switched CI tools from Travis Cl to Gith -
23 24




11/19/2025

: /2 4 1
/;_’w; 4

expression data

Nodes are colored with a heat map overlay to visualize time series

ACE2

e

Node Coloring With
Expression Dataset of
Dalquist 2018
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Each vertical slides on the node represents th
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expression values of
a transcription factor at a given time point %
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decrease in mRNA
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Blue slices represent negative expression values (indicating a

.
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(indicating a
decrease in mRNA).

Blue slices represent negative expression valuei

decrease in mRNA).

Blue slices represent negative expression values

(indicating a
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Blue slices represent negative expression valuesi(indicating a Blue slices represent negative expression values (indicating a
decrease in mRNA). decrease in mRNA).

ACE | ACE
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The greater the magnitude of the expression value, the darker the The greater the magnitude of the expression value,f the darker the
shade of blue. { shade of blue. |

 ACE ACE

Smaller magnitude of Smaller magnitude of “\__ Greater magnitude of
decrease in mMRNA decrease in mRNA decrease in mMRNA
expression at this expression at this expression at this
time point time point . time point

33 34

Similarly, red slices represent positive expression values|(indicating an Similarly, red slices represent positive expression values'(indicating an
increase in mRNA) increase in mRNA)

ACE: AGE
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Similarly, red slices represent positive expression values ((indicating an

increase in mRNA) |

ACE

increase in mRNA)

ACE

Similarly, red slices represent positive expression values (indicating an
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The greater the magnitude of the expression value, ihe darker the
shade of red.

ACE

Smaller magnitude of
increase in mRNA
expression at this
time point

shade of red.

'ACE

Less mRNA Lt

increases at this time Greater magnitude of

point increase in mMRNA
expression at this
time point

The greater the magnitude of the expression value, the darker the
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ion-datasets-that.contribute to

Each node-has-tep-and-bottom-expressiol
-its_coloring-where-it-ean-have-top-and-bottom-have-the-same-———
-expression-datasets

Node
{8 Enable Nods Coloring

trom our Exprassion Database
Top Dataset

Dahlquist 2018wt .
8 Average Replicate Values

Bottom Datasot
‘Same as Top Dataset v f
8 Average Replicate Values |

datasets for easier comparison

Or users can have split view visualization of differential expression

1 AGE

it
) Average Replicate Values
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Node

Enabio Node Caloring

Select from user-uploaded
‘exprossion data, or use data
from our Expression Database
Top Dataset

Dahiquist 2018 dcin !
O Average Replicats Values

Bottom Datasst
T —
3 Average Replicate Values

%}Vhen checking the optio(%/erage replicate vaIt@_",’GRNsight will
average replicate expression values taken at the same timepoint for<the

When checking the optior{"aVerage replicate valbie” GRNsight will
average replicate expression values taken at the same timepoint fortives
selected-half-of-node-coloring

= [SACHE

(Dahlquist 2018 cein5
8 Average Replicate Values
Bottom Dataset

Samoas Top Datasel v

¥ Average Replicate Values
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Users can choose different expression database for node coloring

LG CRNsight Lt |

Node coloring was only enabled for GRNs because node coloring is a
visualization of the level of mMRNA expression

J GRNsight LA

Giouign . Node coloring is default to be off for PPIs
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Version 7.2 allows node coloring for PPIs but with warnings, as it
showing mRNA level data on a node representing a protein
= LMU
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s, and

modeling

ht has improved PPl s for noc olaring

gnt f o g
» GRNSs have directed edges to indicate regulatory relationships (activation or

repression), with edge thickness indicating regulation strength. PPIs have
undirected edges to indicate physical binding

48




11/19/2025

Edge weight values are indicated by color, thickness, and end marker

— E

New color scheme in Version 3

Numerical edge weight values can be displayed on the graph

SRNsight LMUJLA

New in Version 2

49
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Edge thicknesses are normalized to the largest magnitude weight value

Version 1

between different graphs

New in Version 2

Normalization factors can be modified to allow fair visual comparison
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Normalization factors can be modified to allow fair visual comparison
between different graphs

iy GRNsight s Normalization Factor = 2.5

oy | E

New in Version 2

as gray to minimize their visual strength v

GRNaight sy Normalization Factor = 5.21
e g e — Gray Threshold = 5%

Version 1

A
Edges with normalized weight values within §% of'Z)ero are displayed
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Users can change the gray threshold with a slider

GRNsight .5 Normalization Factor = 5.21
p— P — Gray Threshold = 10%

New in Version 2

Users can change the gray threshold with a slider

RNsight A 1

Normalization Factor = 5.21
Gray Threshold = 25%

New in Version 2
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Users can change the gray threshold with a slider

Normalization Factor = 5.21
Gray Threshold = 50%

New in Version 2

Gray edges can also be shown as dashed lines to facilitate
visualization by color blind users

GRNsight vy Normalization Factor = 5.21
st eisinos Gray Threshold = 5%

S P S e Wy SRS
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GRNsight displays PPI networks as undirected graphs for they are
just binding relationships, not regulatory

Outline

o New graph functionality allows users to restrict the graph to the viewport.
ht

e GRNs ed Cl tools from Travis Cl to Github Actions
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Users can choose between a small, mediumpor large
viewport size

Outline

d edges to ind
dge thickness in
dicate physical bin
e I onality allows users ta re

0 GRNéigHt switched Cl tools from Travis CI to Github Actions
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All GRNsight development occurs in an open&epository
bwre

G 8

Al}\code can be viewed in the éde fites M

© = - i
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All feature requests and bugs are reported in the Issues page

T

and merge |

2 () me ! e 3t

Jom O W NSt S Bheen f G Ok W S s
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Developers create pull requests when the code is readyi«to review
/
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This is where Continuous Integration (Cl) playiimportant role

Continuous Integration is the practice of developer‘s‘,"mergmg code

into a central repository frequently

Developer

Writes Code

67
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Continuous Integration is the practlce of develope§merg|ng code
into a central reposttory frequentl

Devcloper
Commits Code to
the Git repository

Developer
Writes Code

Every code eemmiits triggers a build

Developer
Commits Code to
the Git repository

Developer

Writes Code

Cl Tool
Build application
from source code

69
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The build is validated by running automated tests

Developer Cl Tool
Commits Code to Build application
the Git repository from source code

Developer

Writes Code

Cl Tool

Run automated
tests

roblemgdetected, developers need to make changes and
rite code again

Developer
Commits Code to
the Git repository

Developer
Writes Code

Cl Tool
Build application
from source code

ClI Tool
Run automated
tests
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If all automated tests passedAmaintainer or developerﬁ»
mergey¢hanges

Cl Tool
Build application
from source code

Developer
Commits Code to
the Git repository

Developer
Writes Code

Maintainer or
Developer
Merge Changes

Cl Tool
Run automated
tests

T
Passed

After all changes get merged},abplication is ready for
deployment -

Developer Cl Tool
Commits Code to

the Git repository

Developer
Writes Code

Build application
from source code

Application is
ready for
deployment

Maintainer or
Developer
Merge Changes

Cl Tool
Run automated
tests

—
Passed
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V7 - GRNsight migrated from Travis Cl to Github Actions for Cl tools
due to Travis’ user limit for their free plan

GitHub Actions

Github Actions is native to Githuqfso no external connection is
needed |

75
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Github Actions also allows testing ag?inst multiple versions of
seveserigt Ao )8 it pra bR

2 Qo — T ®a. 1054

Vi Qe ® Mo § Gk D} T Dty Hwe S

@ sepuratad some s n dferat Tl 4251 -

Green check indicates the code passed all the tests

.
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A red ‘X’ appears if the test failed

Summary

o Gene Regulatory Networks (GRN) consist of genes, transcription factors, and
the regulatory connections between them
* Protein-Protein Interactions (PPI) are the binding relationships between
proteins
e GRNsight is an open source visualization tool that allows for easier modeling
of GRNs and PPls
e GRNsight transitioned our database source from YeastMine to AllianceMine
Due to YeastMine is no longer supported
» GRNsight has improved PPI support for node coloring
> PPl is supported node coloring with warning that it is showing mRNA
level data on a node representing a protein
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Summary Acknowledgements ﬁi"’-“
» GRNSs have directed edges to indicate regulatory relationships (activation or
repression), with edge thickness indicating regulation strength. PPIs have John David N. Dionisio
undirected edges to indicate physical binding. Kam D. Dahlquist
» New graph functionality allows users to restrict the graph to the viewport. Cecilia J. Zaragoza
Users can drag, zoom, and move the graph with nodes staying within the Nikki C. Chun
application’s bounding box, improving user control of the graph A'Kaia Phelps
* GRNsight switched Cl tools from Travis Cl to Github Actions Amelie Dinh
- No external connection needed for Github Actions because it's native to HHMI STEM Research Learning Community
Github S . LMU Department of Biology
Allow testing against multiple version of gilaScript ) ) No i’L(
Integrating workflows for automated builds, unit tests, and linting to = . i .
streamline development processes and improve maintainability of the @ http://dondi.github.io/GRNsight/
code
() nttps:/igithub.com/dondi/GRNsight
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References Users can choose to display the graph as grid block layout
« AZolifeSciences. "A Guide to Understanding Gene Expression.” AZoLifeSciences, 27
Jan. 2021, www.azolifesciences.com/article/A-Guide-to-Understanding-Gene-
Expression.aspx.
« “PDB101: Molecule of the Month: Vitamin D Receptor.” RCSB: PDB-101,
pdb101.resb.org/motm/155.
« "PDB101: Molecule of the Month: Cyclin and Cyclin-dependent Kinase.” RCSB: PDB-
101, pdb101.rcsb.org/motm/236.
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