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Scaffold-based hierarchical visualization of large datasets on the background of

chemical space




Cheminformatics

* Chemical informatics was defined by F. Brown as

“mixing of those information resources to transform data into information and
information into knowledge for the intended purpose of making better decisions faster in
the area of drug lead identification and optimization”

Drug discovery Drug development

Pharmaceutical

Lead molecules I.ead molecules Clinical trials

taroet : ; . S Preclinical trials
: HSCt identification optimization (phase LILIII)
identification




Computer-based identification of bioactive
compounds
* High-throughput screening (HTYS)

* Laboratory method capable to test thousand of compounds
in parallel when searching for bioactive candidates (leads)

* High-throughput virtual screening (HTVYS)

* Computational method for analyzing virtual libraries of
chemical compounds
* Capability of quickly testing millions of compounds
* No need to physically own the compounds
* Ability to test virtual, not yet synthetized, compounds

* Less reliable than classical biological screening




e Direct visualization

* Structure-based approach . S .
2D embedding - mapping/dimensionality reduction

* Property-based approach

* (Hierarchical) clustering
* Individual molecules

* Hierarchy on common (structural) features



Computer scientist’s perception Chemist’s perception
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* Scatffold = ring-system | core | framework
* Core functional or structural elements

* Molecular backbone connected to biological activity

* Different types of scatfolds

Hydrocortison scaffold hierarchy




Scaffvis

CC(=0INC1=C(O)C=CC(=C1)C(=0)NCC(=Q)N1CCCC2=CC=CC=C12

* Zoomable tree map

* Subset selection,
export, listview, ...

N =CC(C(=0)N3CCNC(=0)[C@@H]3C)=C2N=C1

- CN1C[C@@H]2CC[C@H](CC1=0)N2C(=0)C1=CNC(=0)C=N1
& >

COC1=CC(=CC(OC)=C10)[C@H1S[C@H](C)C(=0)NC2=C1C(C)=NN2

* Arbitrary chemical
background

* Color coding

CIC@@HIOICNCT=[NH+]C2=C(C=CC=C2NTCCCNTC=NC=N1

oy CIC@HIOCT=CC=C(BIC=CIIC(=0)NC1=CC2=COCC=0IN2)C=CT

* Size-based coding

* Chemical space

http://scaffvis.projekty.ms.mff.cuni.cz https://github.com/velkoborsky/scaffvis


http://scaffvis.projekty.ms.mff.cuni.cz/
https://github.com/velkoborsky/scaffvis

* Definition of scatfold hierarchy

* Build the hierarchy from the known chemical space

* Build zoomable tree map to visualize a set of compounds



* Known chemical space — Pubchem

* 91 millions compounds — 20 millions

scaffolds

* Representability on screen

* Reasonable branching factor

Level Number of scaffolds by branching factor
0-100 101-400 401-1600 =>1600
0 0 0.00 % 1 100.00 % 0 0.00% 0 0.00 %
1 69 67.65 % 15 14.71 % 7 686 % 11 10.78 %
2 49 781 99.94 % 28 0.06 % 0 0.00 % 0 0.00 %
3 118 902 100.00 % 0 0.00 % 0 0.00 % 0 0.00 %
4 137 032 99.56 % 455 033 % 126 0.09 % 21 0.02 %
5 595 555 09.92 % 472 0.08 % 30 0.01% 1 0.00 %
6 1274080 99.40 % 5756 045% 1602 0.13% 350 0.03 %
7 7 476 752 100.000 % 35 0.00 % 0 0.00 % 0 0.00 %

Level
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Template-based RNA secondary structure vi
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RNA structure

Primary structure Secondary structure Tertiary structure

GGGGGCGGAAAGGAUUC
GACGGGGACUUCGGUCCU
CGGACGCGGGUUCGAUUC
CCGCCGCCUCCACCA




Covariation
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15. Tetrapoda 16. Amniota 17. Mammalia

8. Chordata 10. Craniata 11. Vertebrata
18. Theria 18. Eutheria 20. Primates

12. Gnathostomata 13. bony vertebrates
14_ lobe-finned fish and tetrapod clade

21. Caarrhini 22. Hominidae 23. Homo

June 2004

6. Bilateria 7. Coelomata 8. Deuterostomia

1. Eukaryota 2. eukaryote crown group
3. FungiMetazoa group 4. Metazoa 5. Eumetazoa

Homo sapiens

(K03432)
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* Template-based visualization — preservation of common motifs
* Template = homologous structure with known optimal layout

* Input: RNA secondary structure without layout (target) and
secondary structure with existing layout (template)

1. Convert target and template structure into tree representation

Compute tree edit distance between template and target —
sequence of tree edit operations

3. Map the tree edit operations to visual operations to convert template
layout to target layout



e Structure — tree

* Base pairs — inner nodes

* Unpaired nucleotides — leafs
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Tree edit distance
* Modification of string edit distance

* Operations
* Update — relabeling

e Delete — deletion of a node and
reconnection of children to the parent

e Insert — insertion of a node between two
connected nodes and reconnection of

children

___yﬁt!@_t?iy-_ﬁe.

update(x, y)

delete(x) >,

N % &




Visual operations

* Update
* Relabeling
* Insert (A
* Leaf node OB
* No siblings — formation of a new loop W

* Existing siblings — loop extension — uniform distribution along a circle
* Inner node

* Insert base pair at given position
* Shift all its descendants

* Delete
* Analogy to insert

* Multi-branch loops treated individually
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Substantial deletion and reinsert of one branch of a multibranch loop

Insertion into both stem and loop
parts of a hairpin
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* Reconstruction of visualizations
° ° . ; \\{\g\ cat

ot known 168 ribosomal subunits S, Y

from the Metazoa kingdom

* Layout taken from the CRW database h 3 R
* 16 organisms et
* Every pair of organisms tested — Uiy
272 layouts AVE
S =
b &N =
* 3 crossings per layout on average A

Reconstruction of Human 16S rRNA using

Sueetzs, Artemia salina (shrimp) as a template
e \\ ) S )
e u‘c/E'

https://github.com/rikiel /TR AVel et



https://github.com/rikiel/TRAVeLer

Questions?




