Rational Molecular Design with Graph Extended Degree Sequences

We have devised a new molecular descriptor to design molecules corresponding to given chemical and biological activities.  For the tested activities (binding affinities), the descriptor exhibits a greater accuracy than the current cheminformatics methods used by the biotechnology and pharmaceutical industries.
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The main step in rational molecular design consists of generating molecular structures from structural descriptors, which are invariants under graph isomorphism. While retrieving graphs from their invariants may be solvable for specific invariants, the sheer number of descriptors (several hundreds) that are currently used in cheminformatics makes this approach impractical. Ideally, one would like to find a universal descriptor that could easily be used with enumeration or sampling and from which other descriptors could be computed. We have developed such a descriptor, named signature. The descriptor is a forest of non-isomorphic rooted trees representing the extended degree sequences of the vertices of a graph.  Signature is well suited for molecular design because it is based on degree sequences for which graph enumeration and sampling techniques are available. All commonly used cheminformatics descriptors can be computed from signature. Aside from these theoretical insights, signature performs far better than the state-of-the-art descriptors at predicting activities for large training sets (cf. Figure 1).  The goal of the game in structure-activity (QSAR) analyses being to find non-correlated descriptors (cf. Figure 2) having low degeneracy. The degeneracy of a descriptor is the number of molecular structures corresponding to a given descriptor value. All descriptors used in QSAR are degenerate, however, the important point about signature is that one can control the degeneracy with the height of the associated rooted trees.
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This effort was supported through the DOE/MICS Program and is a key accomplishment of our on-going molecular design research project.  For more information, contact Jean-Loup Faulon, Sandia National Laboratories, jfaulon@sandia.gov.
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Figure 2: Correlation coefficient between descriptors in QSAR analysis. Molconn-Z descriptors (left), signature (right)





Figure 1: QSAR analysis for HIV-1 Protease inhibitors binding affinity. Molconn-Z descriptors (left), signature (right)
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		Results of only MLR for 2-Dimension

		Corresponding Coefficients in MLR		Signature (descriptor) of dimension 2

		5.2174988		Constant in MLR

		-0.0125940		c=c=c=c_*_c=h_c=*_c_h_h_c_*_

		0.0173770		c=c=c=c_*_c=h_c=*_c_h_o_c_*_

		-0.0406140		c=c=c=c_*_o=*_*_*_o_c=*_*_*_

		0.0007218		c=c=h_c=*_c=c=c=*_c=h_c=*_*_

		0.0638230		c=c=h_c=*_c=c=c_*_c_h_c_n2*_

		0.0468130		c=c=h_c=*_c=c=c_*_c_h_h_c_*_

		0.0238320		c=c=h_c=*_c=c=c_*_c_h_o_c_*_

		-0.0011149		c=c=h_c=*_c=h_c=*_c=c=c=*_*_

		0.0991280		c=c=h_c=*_c=h_c=*_c=n2o=*_*_

		-0.0001956		c=c=h_c=*_c=h_c=*_c_h_c=c_*_

		0.0283700		c=c=h_c=*_c=h_c=*_c_h_h_c_*_

		-0.0223790		c=c=h_c=*_c=h_c=*_c_h_h_n_*_

		-0.0109780		c=c=h_c=*_c=h_c=*_c_h_h_o_*_

		0.0849320		c=c=h_c=*_c=h_c=*_o_c_*_*_*_

		0.0651780		c=c=h_c=*_c_h_c=c_c=h_c=*_*_

		0.0167350		c=c=h_c=*_c_h_h_o_c=h_c=*_*_

		-0.0058961		c=c=n2o=*_c=h_c=*_c=h_c=*_*_

		0.0029167		c=c=o=o_*_s_c_*_*_c=o_c=*_*_

		-0.0315950		c=c=o_c=*_c_h_h_c_c=o=o_*_*_

		-0.0098825		c=c=s_c=*_o_h_*_*_c=h_c=*_*_

		0.0398430		c=c_h_c=c_c=h_c=*_c=h_c=*_*_

		0.0253090		c=c_h_h_h_c=h_c=*_c=h_c=*_*_

		-0.0168330		c=c_h_h_o_c=h_c=*_c=h_c=*_*_

		0.0157310		c=f_*_*_*_c=f_c=*_c=f_c=*_*_

		-0.0203870		c=h_*_*_*_c=c=c=*_c=c=o_*_*_

		-0.0272880		c=h_*_*_*_c=c=c=*_c=h_c=*_*_

		0.0153130		c=h_*_*_*_c=c_c=*_c=h_c=*_*_

		-0.0013904		c=h_*_*_*_c=h_c=*_c=c=c=*_*_

		0.0596700		c=h_*_*_*_c=h_c=*_c=c=c_*_*_

		0.0416320		c=h_*_*_*_c=h_c=*_c=c=n2*_*_

		0.0059344		c=h_*_*_*_c=h_c=*_c=c=s_*_*_

		0.0476060		c=h_*_*_*_c=h_c=*_c=h_c=*_*_

		0.0252970		c=h_*_*_*_c=h_c=*_c=n2c=*_*_

		0.0032395		c=h_*_*_*_c=h_c=*_c=n2c_*_*_

		0.0068645		c=h_*_*_*_c=h_c=*_c=o_c=*_*_

		0.0480060		c=h_*_*_*_c=h_c=*_c_h_h_c_*_

		0.0243010		c=h_*_*_*_c=h_n2*_c=c=c_*_*_

		-0.0071971		c=h_*_*_*_c=n2c=*_c=c=o_*_*_

		-0.0226600		c=h_*_*_*_c=n2c=*_c=h_c=*_*_

		-0.0096660		c=h_*_*_*_c=o_c=*_c=c=c_*_*_

		-0.0184790		c=h_*_*_*_c=o_c=*_c=c_c=*_*_

		-0.0026827		c=h_*_*_*_c=o_c=*_c=h_c=*_*_

		-0.0457740		c=h_*_*_*_c=o_c=*_c=o_c=*_*_

		-0.0103450		c=h_*_*_*_n2c=*_*_c=c_c=*_*_

		0.0148750		c=h_*_*_*_n2c=*_*_c=h_c=*_*_

		0.0044542		c=h_*_*_*_n2c=*_*_c=n2c_*_*_

		-0.0000048		c=n2c=*_*_c=h_c=*_c_h_h_n2*_

		-0.0169210		c=n2c=*_*_c=h_n2*_c_h_h_n2*_

		0.0465860		c=n2c_c_*_o=*_*_*_n2c_c_*_*_

		-0.0357760		c=n2c_h_*_o=*_*_*_c_h_c_c_*_

		0.0597240		c=n2c_h_*_o=*_*_*_o_c_*_*_*_

		0.0604360		c=n2h_c_*_o=*_*_*_c_h_c_c_*_

		0.0371820		c=n2h_c_*_o=*_*_*_c_h_c_n2*_

		-0.0050475		c=o=*_*_*_c=c=c_*_o_c=*_*_*_

		0.0037009		c=o=*_*_*_c=c_c=*_o_c=*_*_*_

		0.0087087		c=o=*_*_*_n2c_h_*_c_h_c_c_*_

		0.0091672		c=o=*_*_*_n2c_h_*_c_h_h_c_*_

		0.0130150		c=o=*_*_*_n2c_h_*_o_c_*_*_*_

		0.0011547		c=o=*_*_*_n2h_c_*_c_h_h_c_*_

		-0.0018798		c=o=*_*_*_n2h_c_*_o_c_*_*_*_

		-0.0040446		c=o=*_*_*_o_c=*_*_c=s_c=*_*_

		0.0204420		c=o_*_*_*_o_*_*_*_c_h_h_o_*_

		-0.0014382		c=o_c=*_*_o=*_*_*_c=s_c=*_*_

		0.0498230		c=o_c_*_*_c=h_c=*_c=c=c_*_*_

		-0.0061239		c=o_c_*_*_c=h_c=*_c=c=o_*_*_

		-0.0373730		c=o_c_*_*_c=h_c=*_c=h_c=*_*_

		-0.0277260		c=o_h_*_*_c=c=c_*_c=c=c=*_*_

		-0.0232860		c=o_h_*_*_c=c_c=*_c=c=c=*_*_

		0.0807120		c=o_h_*_*_c=h_c=*_c=h_c=*_*_

		0.0157550		c=o_h_*_*_o_*_*_*_c_h_h_o_*_

		-0.0230210		c_c_h_h_h_c_h_h_h_c_h_h_h_o_c=*_*_

		-0.0557540		c_c_h_h_h_c_h_h_h_o_c=*_*_c_h_h_h_

		0.0737150		c_h_*_*_*_c=c=c=*_c_h_o_c_n2h_c=*_

		-0.0009230		c_h_*_*_*_c=n2o=*_c_h_h_c_n2h_c=*_

		-0.0006112		c_h_*_*_*_c=n2o=*_c_h_h_h_c_h_h_c_

		-0.0144350		c_h_*_*_*_c=o=n2*_c_h_h_c=c_h_h_c_

		0.0001391		c_h_*_*_*_c=o=n2*_c_h_h_c_c_h_h_c_

		-0.0181330		c_h_*_*_*_c_h_c_c_c=o_o_*_n2h_c=*_

		-0.0064574		c_h_*_*_*_c_h_c_o_c_h_h_c=n2h_c=*_

		0.0410800		c_h_*_*_*_c_h_h_c=c=n2o=*_c_h_h_c_

		0.0175160		c_h_*_*_*_c_h_h_c=c_h_c_o_n2h_c=*_

		-0.0259030		c_h_*_*_*_c_h_h_c=c_h_h_c=n2h_c=*_

		-0.0900810		c_h_*_*_*_c_h_h_c=c_h_o_c_n2c_c=*_

		-0.0016531		c_h_*_*_*_c_h_h_c=c_h_o_c_n2h_c=*_

		0.0013417		c_h_*_*_*_c_h_h_c_c=n2o=*_c_h_h_c_

		0.0110560		c_h_*_*_*_c_h_h_c_c=n2o=*_n2h_c=*_

		0.0176260		c_h_*_*_*_c_h_h_c_c_h_c_c_c_h_h_c_

		0.0091203		c_h_*_*_*_c_h_h_c_c_h_h_c_n2h_c=*_

		0.0237020		c_h_*_*_*_c_h_h_c_o_h_*_*_c_h_c_n2

		-0.0037564		c_h_*_*_*_c_h_h_c_o_h_*_*_c_h_h_n_

		-0.0497810		c_h_*_*_*_c_h_h_h_c=n2o=*_c_h_h_c_

		-0.0027194		c_h_*_*_*_c_h_h_h_c_h_h_h_c_h_c=n2

		-0.0031073		c_h_*_*_*_c_h_h_h_c_h_h_h_c_h_c_n2

		-0.0151230		c_h_*_*_*_c_h_h_n_o_h_*_*_c_h_c_n2

		0.0511550		c_h_*_*_*_c_h_o_c_c=c=c=*_n2h_c=*_

		0.0448490		c_h_*_*_*_c_h_o_c_c_h_h_c=n2h_c=*_

		0.0231620		c_h_*_*_*_h_*_*_*_c=c=c=*_c_h_c=c_

		0.0049651		c_h_*_*_*_h_*_*_*_c=c=c=*_c_h_c=n2

		0.0310930		c_h_*_*_*_h_*_*_*_c=c=c=*_c_h_c_n2

		0.0596120		c_h_*_*_*_h_*_*_*_c=c=c=*_c_h_h_c_

		0.0018216		c_h_*_*_*_h_*_*_*_c=c=c=*_o_c=*_*_

		-0.0172890		c_h_*_*_*_h_*_*_*_c=c=c=*_o_c_*_*_

		-0.0164060		c_h_*_*_*_h_*_*_*_c=o=c=*_c_h_c=c_

		-0.0187910		c_h_*_*_*_h_*_*_*_c=o=c=*_c_h_h_c=

		0.0256900		c_h_*_*_*_h_*_*_*_c=o_o_*_o_c=*_*_

		-0.0452620		c_h_*_*_*_h_*_*_*_c_c_c_c=c_h_o_c_

		0.0176990		c_h_*_*_*_h_*_*_*_c_h_c=c_c=c=c=*_

		-0.0290970		c_h_*_*_*_h_*_*_*_c_h_c=c_c_h_c_o_

		-0.0098071		c_h_*_*_*_h_*_*_*_c_h_c=c_c_h_h_c_

		-0.0062870		c_h_*_*_*_h_*_*_*_c_h_c=n_c_h_c_c_

		-0.0358460		c_h_*_*_*_h_*_*_*_c_h_h_c=c=c=c=*_

		-0.0249200		c_h_*_*_*_h_*_*_*_c_h_h_c=c_h_c=n2

		-0.0557900		c_h_*_*_*_h_*_*_*_c_h_h_c=c_h_h_c_

		0.0655320		c_h_*_*_*_h_*_*_*_c_h_h_c=c_h_h_o_

		-0.1183100		c_h_*_*_*_h_*_*_*_c_h_h_c=c_h_o_c_

		0.0018082		c_h_*_*_*_h_*_*_*_c_h_h_c=s_c=*_*_

		-0.0593430		c_h_*_*_*_h_*_*_*_c_h_h_c_c=c=c=*_

		0.0124320		c_h_*_*_*_h_*_*_*_c_h_h_c_c_h_c=c_

		-0.0283970		c_h_*_*_*_h_*_*_*_c_h_h_c_c_h_h_c_

		-0.0295500		c_h_*_*_*_h_*_*_*_c_h_h_c_o_c_*_*_

		-0.0529710		c_h_*_*_*_h_*_*_*_c_h_h_h_c_h_c=c_

		0.0036834		c_h_*_*_*_h_*_*_*_c_h_h_h_c_h_h_c_

		0.0262360		c_h_*_*_*_h_*_*_*_c_h_h_n_c_h_h_c=

		-0.0215970		c_h_*_*_*_h_*_*_*_c_h_h_n_c_h_h_c_

		-0.0405960		c_h_*_*_*_h_*_*_*_c_h_h_n_c_h_h_o_

		-0.0276160		c_h_*_*_*_h_*_*_*_c_h_h_n_o_c=*_*_

		0.0234580		c_h_*_*_*_h_*_*_*_c_h_h_o_c=c=c=*_

		0.0277950		c_h_*_*_*_h_*_*_*_c_h_h_o_c_h_h_c=

		-0.0285130		c_h_*_*_*_h_*_*_*_c_h_h_o_n_h_c_c_

		0.0152110		c_h_*_*_*_h_*_*_*_c_h_h_s_n_h_c_c_

		0.0524940		c_h_*_*_*_h_*_*_*_c_h_o_c_c=c=c=*_

		-0.0136920		c_h_*_*_*_h_*_*_*_c_h_o_c_c=h_c=*_

		-0.0390950		c_h_*_*_*_h_*_*_*_c_h_o_c_c_h_h_c_

		0.0038036		c_h_*_*_*_h_*_*_*_h_*_*_*_c=c=c=*_

		-0.0054248		c_h_*_*_*_h_*_*_*_h_*_*_*_c_c_c=c_

		0.0614490		c_h_*_*_*_h_*_*_*_h_*_*_*_c_c_c_c=

		0.0121200		c_h_*_*_*_h_*_*_*_h_*_*_*_c_c_c_n2

		0.0167000		c_h_*_*_*_h_*_*_*_h_*_*_*_c_c_o_c_

		-0.0357640		c_h_*_*_*_h_*_*_*_h_*_*_*_c_h_c=c_

		0.0021888		c_h_*_*_*_h_*_*_*_h_*_*_*_c_h_c_c_

		0.0024816		c_h_*_*_*_h_*_*_*_h_*_*_*_c_h_c_n2

		-0.0023374		c_h_*_*_*_h_*_*_*_h_*_*_*_c_h_h_o_

		-0.0237860		c_h_*_*_*_h_*_*_*_h_*_*_*_o_c=*_*_

		0.0295030		c_h_*_*_*_h_*_*_*_h_*_*_*_o_c_*_*_

		-0.0123570		c_h_*_*_*_h_*_*_*_n2h_c=*_c=n2n2*_

		0.0311020		c_h_*_*_*_h_*_*_*_n_h_c_c_c_h_h_o_

		0.0121080		c_h_*_*_*_h_*_*_*_n_h_c_c_c_h_o_c_

		-0.0396990		c_h_*_*_*_h_*_*_*_o_c=*_*_c_h_h_c=

		-0.0576310		c_h_*_*_*_h_*_*_*_o_c=*_*_c_h_h_s_

		0.0006329		c_h_*_*_*_h_*_*_*_o_c_*_*_c=c=c=*_

		0.0470550		c_h_*_*_*_h_*_*_*_o_c_*_*_c_h_h_c=

		0.0307120		c_h_*_*_*_h_*_*_*_o_c_*_*_c_h_h_c_

		0.0549180		c_h_*_*_*_h_*_*_*_o_c_*_*_c_h_h_n_

		-0.0286150		c_h_*_*_*_h_*_*_*_o_h_*_*_c_h_c_n2

		0.0197930		c_h_*_*_*_h_*_*_*_o_h_*_*_c_h_h_c=

		-0.0514100		c_h_*_*_*_h_*_*_*_o_h_*_*_c_h_h_c_

		0.0670510		c_h_*_*_*_h_*_*_*_o_h_*_*_c_h_h_o_

		-0.0112410		c_h_*_*_*_h_*_*_*_s_c=*_*_c_h_h_c_

		0.0485930		c_h_*_*_*_o_h_*_*_c_h_h_c_c_h_c=n2

		0.0196970		c_h_*_*_*_o_h_*_*_c_h_h_c_c_h_c_n2

		0.0418370		c_h_*_*_*_o_h_*_*_c_h_h_o_c_h_c=n2

		0.0084638		clc=c=c=*_*_*_*_

		0.0293950		f_c_f_f_c=*_*_*_

		0.0891580		h_c=c=c=*_*_*_*_

		0.0044058		h_c=c=c_*_*_*_*_

		0.0084731		h_c=c=n2*_*_*_*_

		-0.0545620		h_c=h_c=*_*_*_*_

		0.0525940		h_c_c=c_c=*_*_*_

		-0.0264770		h_c_c=c_c_*_*_*_

		0.0609800		h_c_c=c_n2*_*_*_

		0.0186740		h_c_c=c_n_*_*_*_

		0.0187640		h_c_c_c=n2*_*_*_

		-0.0008006		h_c_c_c_c_*_*_*_

		-0.0242670		h_c_c_n2c_*_*_*_

		-0.0569420		h_c_c_o_c_*_*_*_

		0.0358960		h_c_h_c=c_*_*_*_

		-0.0188560		h_c_h_c_c=*_*_*_

		-0.0144960		h_c_h_c_c_*_*_*_

		-0.0315520		h_c_h_c_n2*_*_*_

		0.1032800		h_c_h_c_o_*_*_*_

		0.0013704		h_c_h_c_s_*_*_*_

		-0.0001157		h_c_h_h_c=*_*_*_

		0.0103020		h_c_h_h_c_*_*_*_

		-0.0019546		h_c_h_h_o_*_*_*_

		0.0068876		h_c_h_h_s_*_*_*_

		-0.0360060		h_c_h_n_c_*_*_*_

		-0.0840510		h_c_h_o_c_*_*_*_

		0.0162040		h_c_h_s_c_*_*_*_

		-0.0096551		h_c_n2c_c_*_*_*_

		0.0032978		h_c_n_c=c_*_*_*_

		0.0560290		h_c_o_c_c_*_*_*_

		0.0049859		h_n2c=c=*_*_*_*_

		-0.0121860		h_n2c=c_*_*_*_*_

		0.0425870		h_n2c_c=*_*_*_*_

		0.0060812		h_n2h_c=*_*_*_*_

		-0.0122700		h_n_c_c_c_*_*_*_

		0.0465610		h_o_c_*_*_*_*_*_

		-0.0031053		i_c=c=c=*_*_*_*_

		-0.0050492		n2c=c=c=*_h_*_*_*_c=n2c_*_*_

		0.0129710		n2c=c=c=*_h_*_*_*_c=o=c_*_*_

		0.0143020		n2c=c=n2*_h_*_*_*_c=o=c_*_*_

		-0.0055365		n2c=c_c=*_c=c=c_*_*_*_

		0.0101590		n2c=c_o=*_h_*_*_*_c_h_h_c_*_

		0.0379010		n2c=h_c=*_c=c=c=*_*_*_

		-0.0073196		n2c=h_c=*_c=c=c_*_*_*_

		-0.0024219		n2c=h_c=*_c=h_c=*_*_*_

		-0.0123620		n2c=h_c=*_h_*_*_*_c=n2c_*_*_

		0.0257280		n2c_c_c_c_h_*_*_*_c=o=c_*_*_

		-0.0137320		n2c_h_c_c=h_*_*_*_c=o=c_*_*_

		-0.0263780		n2c_h_c_c_h_*_*_*_c=o=c_*_*_
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