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Figure S1. Ordered confidence scores of the ENZR-TTL T3 as function of the ordered confidence 

scores of USPTO-TTL T3 on the ENZR test set and USPTO test set respectively.  
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Figure S2. Analysis of the ENZR dataset. (a) Number of reactions depending on how many “-ase” 

words are present in the sentence for a given reaction. (b) Frequency of the top 15 “-ase” words 

depending on the count of enzyme name per reaction. (c) TMAP of reactions similarity color-coded by 

the 10 most frequent "-ase" words as listed in Fig. 2b.  combinations. The “other” category groups 

reactions with “-ase” words other than the top 10 “-ase” words or reaction containing infrequent “-ase” 

word combinations. Insert lower right: TMAP highlighting enantioselective and kinetic resolution 

reactions. 

 

 

                         

                     

   

  

                           

  

           

             

                    

               

               

               

             

                               

             

                 

             

             

  



S4 

 

Figure S3. Analysis of the USPTO (green), ENZR (orange) and ECREACT (blue) datasets in forms of 

scatter plots. First line: Fraction of C-atoms vs. MW. Second line: Fraction cyclic bonds vs. MW. Third 

line: Fraction cyclic bonds vs. Fraction of C-atoms.  
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Table S1. Details of top-1 round-trip accuracy by ENZR-TTL single step retrosyntheses on the 2858 

molecules of the ENZR test set. 

 Round-trip 

validated by T3 

Not validated 

by T3 

Ground-truth 

predicted SM 
49.41% 23.13% 

Not ground truth 

predicted SM 
9.55% 17.91% 

 

 

 

Table S2. Details of top-1 round-trip accuracy by USPTO-TTL single step retrosyntheses on a sample 

of 3000 molecules from the USPTO test set. 

 Round-trip 

validated by T3 

Not validated 

by T3 

Ground-truth 

predicted SM 
60.57% 6.97% 

Not ground truth 

predicted SM 
20.73% 11.73%  

 

 

 

 

  
Figure S4. Round-trip accuracies of ENZR-TTL and USPTO-TTL as function of the heavy atom count, 

for different numbers of tagged atoms, on the target molecules from the ENZR and USPTO test sets 

respectively. The top-N represents the round-trip accuracy considering multiple examples of enzyme 

textual descriptions predicted by ENZR-T2 or reagents predicted by USPTO-T2. The bar plots show 

the frequencies as function of the heavy atom count for both test sets (log-scale right axis).   
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Figure S5. Additional examples of correctly predicted enzymatic single step retrosynthesis by ENZR-

TTL. The confidence scores of T3 are >99.5% in all cases. Enzyme names from the T2 output that differ 

from the database entry are highlighted in blue.  
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Figure S6. Additional examples of ENZR-TTL retrosynthetic steps validated by T3 involving 

different precursors and/or enzymes than those in ENZR. Structural differences between SM database 

entry and T1 output are highlighted in orange and enzyme names from T2 output that differ from the 

database entry are highlighted in blue. 
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Figure S7. Additional examples of ENZR-TTL prediction involving a correct SM prediction by T1 but 

a different enzyme choice by T2 and therefore a different product P compared to the database entry.  
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Table S3. Number (percentage) of product molecule from the test set with solved routes for the selection 

of 80 molecules from the ENZR test set, for 100 molecules from the USPTO test set, and on the full 1k 

Caspyrus dataset. 

 USPTO test set 

(100 molecules)  

ENZR test set 

(80 molecules) 

Caspyrus-1k 

(1000 molecules) 

Molecules with 

Route solved 
88 (88%) 61 (76%) 852 (85.2%) 

Molecules with 

Route solved with 

at least one route 

including an 

enzymatic step 

86 (86%) 60 (75.0%) 782 (78.2%) 

 

 

Table S4. Fraction of enzymatic reaction steps present in the predicted and solved multistep routes 

among the top-X route unique steps, ranked according to the RPScore. Tested on 100 USPTO test set, 

80 ENZR test set molecules and the 1k Caspyrus dataset. 

 for USPTO test set 

molecules (%) 

for ENZR test set 

molecules (%) 

For Caspyrus-1k 

molecules (%) 

Overall 7.88 16.86 8.62 

Top-100 RPScoring 

routes 
9.33 21.67 9.77 

Top-50 RPScoring routes 9.33 24.79 10.09 

Top-10 RPScoring routes 8.65 33.76 10.01 

Top-5 RPScoring routes 8.23 38.22 9.97 

Top-1 RPScoring routes 7.10 50.00 10.19 
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Figure S8. Molecule 1 best scoring route predicted by the IBM RXN for Chemistry retrosynthesis 

prediction tool in “Automatic mode” using the “enzymatic mode 2022-05-31” model and “high 

quality” tuning, other settings were left as default.  
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Figure S9. Molecule 5 best scoring route predicted by the IBM RXN for Chemistry retrosynthesis 

prediction tool in “Automatic mode” using the “enzymatic mode 2022-05-31” model and “high 

quality” tuning, other settings were left as default.  

 

 

 

Figure S10. Molecule 8 best scoring route predicted by the IBM RXN for Chemistry retrosynthesis 

prediction tool in “Automatic mode” using the “enzymatic mode 2022-05-31” model and “high 

quality” tuning, other settings were left as default.  
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Figure S11. Molecule 11 best scoring route predicted by the IBM RXN for Chemistry retrosynthesis 

prediction tool in “Automatic mode” using the “enzymatic mode 2022-05-31” model and “high 

quality” tuning, other settings were left as default.  

 

Figure S12. Molecule 13 predicted best scoring route predicted by the IBM RXN for Chemistry 

retrosynthesis prediction tool in “Automatic mode” using the “enzymatic mode 2022-05-31” model 

and “high quality” tuning, other settings were left as default.  

            

                      



S15 

 

 

 

Figure S13. Molecule 16 predicted best scoring route predicted by the IBM RXN for Chemistry 

retrosynthesis prediction tool in “Automatic mode” using the “enzymatic mode 2022-05-31” model 

and “high quality” tuning, other settings were left as default.  
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Figure S14. Top 1 scoring route of molecule 13 predicted by the ASKCOS retrosynthesis prediction 

tool combining the “reaxys_biocatalysis” and the “reaxys” models, other settings were left as default.  

 

 

Figure S14. Top 3 scoring route of molecule 13 (first route including an enzymatic step) predicted by 

the ASKCOS retrosynthesis prediction tool combining the “reaxys_biocatalysis” and the “reaxys” 

models, other settings were left as default.  

 

 

Figure S15. Single route of molecule 13 predicted by the ASKCOS retrosynthesis prediction tool using 

the “reaxys_biocatalysis” models only, other settings were left as default.  
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Figure S16. Top 1 scoring route of molecule 16 predicted by the ASKCOS retrosynthesis prediction 

tool combining the “reaxys_biocatalysis” and the “reaxys” models, other settings were left as default.  

 

 

Figure S17. Top 2 scoring route of molecule 16 (first route including an enzymatic step) predicted by 

the ASKCOS retrosynthesis prediction tool combining the “reaxys_biocatalysis” and the “reaxys” 

models, other settings were left as default.  

 

Figure S18. Top 6 scoring route of molecule 16 predicted by the ASKCOS retrosynthesis prediction 

tool combining the “reaxys_biocatalysis” and the “reaxys” models, other settings were left as default.  
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Figure S19. Top 1 scoring route of molecule 16 predicted by the ASKCOS retrosynthesis prediction 

tool using the “reaxys_biocatalysis” models only, other settings were left as default.  

 

 

 

Figure S20. Top 2 scoring route of molecule 16 predicted by the ASKCOS retrosynthesis prediction 

tool using the “reaxys_biocatalysis” models only, other settings were left as default.  

 

 

Figure S21. Top 3 scoring route of molecule 16 predicted by the ASKCOS retrosynthesis prediction 

tool using the “reaxys_biocatalysis” models only, other settings were left as default.  
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Figure S22. Top 1 scoring route of molecule 1 predicted by the BioNavi retrosynthesis prediction tool 

accessible at http://biopathnavi.qmclab.com/bionavi/ used with the “Default settings” preset, allowing 

both “Bio-building blocks” and “Chemo-building blocks”, and combining “Enzymatic synthesis” and 

“Non-enzymatic synthesis”. 

 

 

Figure S23. Top 2 scoring route of molecule 1 predicted by the BioNavi retrosynthesis prediction tool 

accessible at http://biopathnavi.qmclab.com/bionavi/ used with the “Default settings” preset, allowing 

both “Bio-building blocks” and “Chemo-building blocks”, and combining “Enzymatic synthesis” and 

“Non-enzymatic synthesis”. 

  

 

Figure S24. Top 1 scoring route of molecule 5 predicted by the BioNavi retrosynthesis prediction tool 

accessible at http://biopathnavi.qmclab.com/bionavi/ used with the “Default settings” preset, allowing 

both “Bio-building blocks” and “Chemo-building blocks”, and combining “Enzymatic synthesis” and 

“Non-enzymatic synthesis”. 
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