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Figure 1
Statistical quality of the modelsof mutagenicity (logR)  for different values of the threshold, LimS

Cycles codes have been defined as the following 

&(5-member cycles number)(6-member cycles number)(heteroatoms number)

For example, the compound below

can be represent by the SMILES: O=C2Oc1c4C5C=COC5Oc4cc(OC)c1C=3CCC(O)C2=3

The cycle code for the compound is &321

Rings have been calculated with the algorithm from Ref. 4, since from the SMILES code it is impossible to 
extract the full set of rings in macrocyclic condensed systems being such structures non explicitly 
expressed in the code. Therefore we decided to extract the adjacency matrix from the  SMILES code  and 
determine  the  total number of cycles, and their characteristics, present within every molecule. Cycles are 
classified in size, number of occurrences and heteroatomic content, classification that will be expressed 
ultimately in the cyclicity invariant code.
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Method

The code of cycle has improved the predictive potential of both QSAR-models

for the carcinogenicity and for the mutagenicity

Briefly about SMILES notation
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Best models for the carcinogenicity (-pTD50) and mutagenicity TA98 (logR)

Carcinogenicity is an important endpoint for REACH, and typically for this endpoint many animals are used. Some in silico models exist, which in most
of the cases are aimed to classify chemicals as carcinogenic or not. REACH requires an evaluation of the risk in case of the use of carcinogenic
compounds, considering the exposure levels. For this, QSAR models, predicting a potency level, and not classifiers, may play a role. We developed
QSAR models based on simplified molecular input line entry system (SMILES). SMILES has been used as elucidation of the molecular structure for
quantitative structure – activity relationships aimed to predict carcinogenicity of large dataset that contains wide variety of organic compounds. Using
the Monte Carlo method we constructed optimal descriptors, which are a mathematical function of composition of the SMILES elements together with
special codes of cycles present in molecules. The codes of cycles indicate the presence of: cycles with sizes 5 and 6, cycles with hetero-atoms and
condensed cycles. We will show that taking into account of the codes of cycles improves the predictive ability of the optimal descriptors for the external
test set. In addition this approach has been used to model mutagenicity of heteroaromatic amines.

Two versions of the SMILES-based optimal descriptors have been studied:

1. without of the cycles code

DCW(limS) =                    Σ CW(SAk)                       (1)

2. with cycle codes

DCW(limS) = CW(CC)  + Σ CW(SAk)                      (2)

where SAk are the SMILES attributes constructed with three consequent SMILES elements (i.e., one
symbol, or two symbols which can not be examined separately , e.g., ‘Cl’, ‘Br’; dC is difference of
number of carbon atoms in sp2 state minus number of carbon atoms in sp3 state; CC is the cycles code
for a given SMILES. CW(x) is the correlation weight for x (x is a SMILES attribute).

Conclusions
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Optimal descriptors calculated with SMILES have been used for quantitative
structure – property/activity relationships (QSPR/QSAR) [1-3]. In case of the optimal
descriptors calculated with molecular graph (hydrogen filled) the statistical
characteristics of the models improve if information on cycles is added. Similar
approach based on the SMILES-based optimal descriptors has indicated that
statistical characteristics of the QSAR for carcinogenicity are also preferable The
technique of the blocking rare SMILES attributes has been used. The discrimination
of the SMILES attributes into rare and not rare was carried out with a special
threshold limS. limS is the minimal number of a SMILES attribute in the training set.
If less then limS SMILES contain the attribute SAk*, than CW(SAk*)=0.0, i.e., the SAk*
has no influence on the model.

The statistical characteristics of the previous model (without the code of 
cycles) for carcinogenicity [1] are  n=170, r2= 0.75, s=0.71 (subtraining set); 

n=170, r2=0.75, s=0.68 (calibration set); n=61, r2=0.72, s=0.70 (test set)


