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Figure 7: Analysis of the scaffold diversity of phytochemicals in IMPPAT 2.0 with seven 

other natural product libraries, approved drugs, and organic compounds from PubChem23. 

Distribution of (a) the number of ring systems and (b) the number of heteroatoms, in 

scaffolds at graph/node/bond (G/N/B) level. Cyclic system retrieval (CSR) curves for 

scaffolds at: (c) G/N/B level, (d) graph/node (G/N) level, and (e) graph level. 
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Figure 8: Molecular cloud visualization52,53 of the top scaffolds at G/N/B level present in 

phytochemicals of IMPPAT 2.0. The top constitute the 217 scaffolds at G/N/B level that are 

present in ≥ 10 phytochemicals in IMPPAT 2.0. In this figure, 216 of these top scaffolds are 

shown after excluding the benzene ring (which is the most frequent scaffold in all large 

chemical libraries). Here, the size of the structure is proportional to the frequency of 

occurrence of the scaffold in phytochemicals of IMPPAT 2.0. 
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Figure 9: Drug-likeness analysis of phytochemicals in IMPPAT 2.0. (a) UpSet plot 

visualization of the set intersections of phytochemicals that pass one or more of the six drug-

likeness rules. The horizontal bars show the number of phytochemicals which pass the 
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different drug-likeness rules. The vertical bars show the set intersections between 

phytochemicals that pass different drug-likeness rules. The green bar shows the 1335 

phytochemicals which pass all six drug-likeness rules. This plot was generated using UpSetR 

package61. (b) Chemical superclass of the 1335 drug-like phytochemicals as predicted by 

ClassyFire. (c) Distribution of QEDw scores for the 1335 drug-like phytochemicals. (d) 

Common scaffolds at the graph/node/bond (G/N/B) level and the graph level between the 

space of 1335 drug-like phytochemicals and approved drugs. 
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Figure 10: (a) Chemical similarity network (CSN) of the 1335 drug-like phytochemicals in 

IMPPAT 2.0. The degree sorted circle layout in Cytoscape75 is used to visualize the CSN. 

Cyan nodes correspond to drug-like phytochemicals that are not similar to any approved drug 

and pink nodes to those that are similar to at least one approved drugs. Edge thickness is 

proportional to the chemical similarity between the pair of drug-like phytochemicals. (b) 
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Visualization of the SMARTS corresponding to the maximum common substructure (MCS) 

for the top 12 connected components obtained using SMARTSview webserver72,73. 

 

Figure 11: Comparison of the phytochemical space of Indian medicinal plants and Chinese 

medicinal plants. (a) Venn diagram shows the overlap between the phytochemicals in 

IMPPAT 2.0 and TCM-Mesh. (b) UpSet plot visualization of the set intersections of 
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phytochemicals in TCM-Mesh that pass one or more of the six drug-likeness rules. The 

horizontal bars show the number of phytochemicals which pass the different drug-likeness 

rules. The vertical bars show the set intersections between phytochemicals that pass different 

drug-likeness rules. The green bar shows the 938 phytochemicals which pass all six drug-

likeness rules. (c) Distribution of QEDw scores for the 938 drug-like phytochemicals in 

TCM-Mesh. (d) Venn diagram shows the overlap between the drug-like phytochemicals in 

IMPPAT 2.0 and TCM-Mesh. 
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Tables 

Table 1: Comparison of the updated version IMPPAT 2.0 with the previous version 1.0. 

Feature IMPPAT 2.0 IMPPAT 1.0 

Number of Indian medicinal plants 4,010 1,742 

Number of Phytochemicals 17,967 9,596 

Number of Plant - Part - Phytochemical associations 189,386 Not available 

Number of Plant - Phytochemical associations 124,995 27,074 

Number of Therapeutic uses 1,095 1,124 

Number of Plant - Part - Therapeutic use associations 89,733 Not available 

Number of Plant - Therapeutic use associations 60,732 11,514 

Number of Traditional medicinal formulations 1,133 974 

Number of Plant - Part – Traditional medicinal formulation 

associations 
7,815 Not available 

Number of Plant - Traditional medicinal formulation associations 6,317 5,069 
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Table 2: Scaffold diversity of phytochemicals in IMPPAT 2.0, and comparison with other 

chemical libraries. The molecular scaffolds are computed at graph/node/bond (G/N/B) level. 

Here, M is number of molecules with scaffold and this number is less than the library size as 

linear molecules with no ring system have no scaffolds. Further, N is the number of scaffolds, 

Nsing is the number of singleton scaffolds, AUC is the area under the curve, and P50 is the 

percentage of scaffolds that account for 50% of the chemical library. 

Chemical library M N Nsing N/M Nsing/M Nsing/N AUC P50 

Approved drugs 2097 1255 1012 0.6 0.48 0.81 0.69 17.93 

TCM-Mesh 9417 3946 2626 0.42 0.28 0.67 0.75 11.02 

NANPDB 4645 1762 1093 0.38 0.24 0.62 0.76 10.67 

IMPPAT 2.0 15226 5179 3338 0.34 0.22 0.64 0.79 6.58 

NPATLAS 31099 10227 5947 0.33 0.19 0.58 0.79 8.35 

COCONUT 385926 109024 65963 0.28 0.17 0.61 0.82 4.82 

CMAUP 43987 11105 6151 0.25 0.14 0.55 0.82 5.15 

UNPD 215585 44281 22514 0.21 0.1 0.51 0.85 3.39 

SuperNatural II 308998 62125 30453 0.2 0.1 0.49 0.85 3.61 

PubChem 101452728 12493379 7059386 0.12 0.07 0.57 0.91 0.22 

  

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted June 18, 2022. ; https://doi.org/10.1101/2022.06.17.496609doi: bioRxiv preprint 

https://doi.org/10.1101/2022.06.17.496609


54 
 

Supplementary Information 

Supplementary Table S1: The table gives the list of 70 books from which Plant - Part - 

Phytochemical associations for Indian medicinal plants in IMPPAT 2.0 were obtained. 

Supplementary Table S2: The table gives the list of 146 books from which Plant - Part - 

Therapeutic use associations for Indian medicinal plants in IMPPAT 2.0 were obtained. 

Supplementary Table S3: The table provides the IMPPAT Phytochemical identifier, 

Chemical name, SMILES, InChI and QEDw score for the 1335 drug-like phytochemicals in 

IMPPAT 2.0 identified in this study. 
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