






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































The skill and style to model the evolution of

above best accounted for variations in the features of the model. We did this by ..... CG were the best explanatory factors for ten, five and one model parameters ...... Vacher, C., D. Bourguet, F. Rousset, C. Chevillon, and M. E. Hochberg. 2003. 

















 Télécharger le PDF 






 516KB taille
 2 téléchargements
 336 vues






 commentaire





 Report
























Evolutionary Applications ISSN 1752-4571



ORIGINAL ARTICLE



The skill and style to model the evolution of resistance to pesticides and drugs REX Consortium INRA, France



Keywords drugs, evolution of resistance, mathematical modelling, pesticides, resistance to xenobiotics. Correspondence Thomas Guillemaud, UMR 1301 IBSV, INRA, Universite´ de Nice-Sophia Antipolis, CNRS, 400 Route des Chappes, F-06903 Sophia Antipolis, France. Tel.: +33 492 386 481; fax:+33 492 386 401; e-mail : [email protected] Received: 24 September 2009 Accepted: 6 February 2010 First published online: 29 March 2010 doi:10.1111/j.1752-4571.2010.00124.x



Abstract Resistance to pesticides and drugs led to the development of theoretical models aimed at identifying the main factors of resistance evolution and predicting the efficiency of resistance management strategies. We investigated the various ways in which the evolution of resistance has been modelled over the last three decades, by reviewing 187 articles published on models of the evolution of resistance to all major classes of pesticides and drugs. We found that (i) the technical properties of the model were most strongly influenced by the class of pesticide or drug and the target organism, (ii) the resistance management strategies studied were quite similar for the different classes of pesticides or drugs, except that the refuge strategy was mostly used in models of the evolution of resistance to insecticidal proteins, (iii) economic criteria were rarely used to evaluate the evolution of resistance and (iv) the influence of mutation, migration and drift on the speed of resistance development has been poorly investigated. We propose guidelines for the future development of theoretical models of the evolution of resistance. For instance, we stress the potential need to give more emphasis to the three evolutionary forces migration, mutation and genetic drift rather than simply selection.



Introduction The massive use of drugs in medicine and of pesticides in agricultural systems since the 1950’s have led to the selection of highly adapted resistant biotypes in natural populations of microbes and pests (Georghiou 1986; Guillemot 1999; D’Alessandro and Buttiens 2001; Hastings 2004; Levy and Marshall 2004). The evolution of resistance is a serious issue worldwide and several experimental studies have been carried out on resistant microbes and pests collected from hospitals and agricultural fields. These studies focused principally on the physiological mechanisms of resistance (Powles and Holtum 1994; McGowan and Tenover 1997; Raymond et al. 1998; Hakenbeck 1999; Caprio 2001; Gahan et al. 2001; Hsiou et al. 2001; Morin et al. 2003; Courcambeck et al. 2006), the genetic determinism and mode of inheritance of resistance (Edgar and Bibi 1997; Gould et al. 1997; Tabashnik et al. 1997, 2000; Andow and Alstad 1998; Bourguet et al. 2000, 2003; Ferre´ and Van Rie 2002; Tran and Jacoby 2002; Ge´nissel et al. 2003; Roux et al. 2004; Chen et al. 2007) and, to a ª 2010 Blackwell Publishing Ltd 3 (2010) 375–390



lesser extent, the relative fitness of resistant biotypes in the absence of drugs or pesticides (Groeters et al. 1993; Cohan et al. 1994; Bergelson and Purrington 1996; Frost et al. 2000; Oppert et al. 2000; Purrington 2000; Carrie`re et al. 2001; Gagneux 2009; Ward et al. 2009). In addition to carrying out these experimental studies, the scientific community has developed theoretical approaches for investigating the way in which evolutionary forces – mutation, selection, migration and drift – govern the speed and outcome of resistance evolution. The resulting theoretical models, assessing the relative influence of different evolutionary forces, constitute a useful tool for comparing the efficacy of existing management strategies and for designing new strategies (Tabashnik 1986). We previously highlighted the structure of the scientific community developing these theoretical models (REX Consortium, 2007). We analysed co-authorship and co-citation networks on the basis of 187 articles published from 1977 to 2006 on models of the evolution of resistance to all major classes of pesticides and drugs. We identified two main groups of scientists that 375
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collaborate very little: the first group consists of ecologists or agronomists working on pesticide resistance, whereas the second group includes medical scientists interested in drug resistance. The two groups publish their research in their own journals and have their own keystone references (REX Consortium, 2007). This structure of the scientific community may have led to marked differences between the two groups in terms of the modelling approaches developed for studies of the evolution of resistance to pesticides and drugs. Actually, four major nonmutually exclusive hypotheses may account for differences in the approaches developed for modelling resistance evolution: (1) there may be a lack of exchange between the two main groups of scientists, leading to the development of different lineages of models; (2) the organism studied may affect the biological parameters included in the model and the management strategies tested. For example, the availability of a specific means of control for any particular organism may have influenced the choice of strategies assessed with the model, even though a much broader array of resistance management strategies (including those not applicable for economic, technical or ethical reasons at the time of the study) could be investigated with theoretical models; (3) the mathematical approach (MT) chosen by the modeller may constrain the resistance management strategies and the underlying evolutionary forces that can theoretically be explored. Indeed, two major MT have been used in the modelling of resistance evolution (Levin 2001, 2002): (i) the population genetics approach, which considers changes in the frequencies of resistant and susceptible individuals as a function of pesticide or drug (PD) use; (ii) the epidemiological approach, which is related to the compartment model tradition of the mathematical epidemiology of parasites (Anderson and May 1991) and (4) the features of the model may have changed over time, because of the accumulation of knowledge about the evolution of resistance and increases in computer power. In this study, we analysed a panel of 187 articles published over the last 30 years and involving the use of a theoretical model to study the evolution of resistance to pesticides or drugs. We described the 187 models, by recording the parameters describing (i) the biology of the target organism, (ii) the technical properties of the model, (iii) the resistance management strategies tested and (iv) the criteria used to evaluate the evolution of resistance. We then determined which of the four hypotheses cited above best accounted for variations in the features of the model. We did this by assessing the relative effects of the scientific community structure, the class of PD, the MT and the year of publication on the variability of the model’s features. Based on our results, we propose guidelines 376
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for the future development of theoretical models of the evolution of resistance. Materials and methods Construction of the bibliographical database The database of models of the evolution of resistance to the most common classes of pesticides (insecticides, fungicides, herbicides, miticides and insecticidal proteins, such as Bacillus toxins) and drugs (antibiotics, antiviral, antimalarial and antihelmintic drugs) has been described in a previous study (REX Consortium, 2007). We used a three-step process to select relevant articles. We first searched for articles in three bibliographical databases (CABs 1973–2006, Current Contents 1998–2006 and Medline 1950–2006) with a formula containing the words model* and resistan* (REX Consortium, 2007). This first step identified 1894 articles. The summary and keywords of each article were then carefully and independently read by two of us, to select articles dealing with a mathematical model or a computer simulation of the evolution of resistance over time in response to selective pressure exerted by a pesticide or a drug. This second step identified 266 articles. In the third step, the seven authors of this study, all familiar with the field of resistance evolution, carefully read each of these 266 articles. Each author was given a randomly chosen set of 14 articles to be read by all the readers, plus a randomly chosen set of 36 articles to be read by that author alone. A reading grid of 34 questions was filled in for each of the 187 articles finally considered relevant for modelling the evolution of resistance to pesticides or drugs. Individual reader error rate We evaluated the individual error rate by using the set of 14 articles read by the seven authors of the present study. Only six of these 14 articles were considered relevant by all of us. These six articles were used to assess the agreement (congruence rate) between the answers to the questions on the reading grid given by the seven readers. For each question, the congruence rate was calculated as the proportion of the six relevant articles for which all the readers provided the same answer. This estimate of the congruence rate was then used to calculate the individual error rate, defined as the probability of a reader giving an ‘incorrect’ answer to the question. Assuming that the individual error rate P is identical for all readers, the congruence rate is c = P7 + (1 ) P)7, where P7 is the probability of all seven readers giving the incorrect answer and (1 ) P)7 is the probability of all the readers giving the correct answer. ª 2010 Blackwell Publishing Ltd 3 (2010) 375–390
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Characterization of the models Thirty one of the 34 questions of the reading grid were specifically used to characterize the range of diversity of model features, from the genetic features of resistance to the socio-economic criteria used to assess the efficiency of resistance management strategies. Each of the 187 models was characterized for these 31 parameters (further referred to as ‘model parameters’ and described in Table 1), which



can be classified as follows: (i) parameters describing the biology of the target organism and the genetics of resistance, (ii) parameters describing the technical properties of the models, (iii) parameters describing the management strategies for delaying or preventing the evolution of resistance studied and (iv) the output parameters used to assess the evolution of resistance. All model parameters had two levels (‘taken into account’ or ‘not taken into account’; ‘yes’ or ‘no’). We ordered them according to



Table 1. The 31 model parameters used to describe the 187 articles. Category



Name



Description



Biological parameter



Diploidy



Concerns diploid organisms in which heterozygotes are identified or can be identified; excludes haploid models or models for which genetics is not trivial Concerns cases in which resistance is a continuous trait (with a polygenic inheritance). Excludes situations where there is a single or a few resistance phenotypes Distance of migration of the target individuals Mutation rate of S fi R and/or of S fi R Rate of resistance dominance, i.e. difference in survival of resistant homozygotes and heterozygotes after treatment Initial presence of resistant individuals Fitness penalty linked to the resistance trait Migration or transmission rate of the target organism. A parameter specifically corresponding to the proportion of target organisms moving from one spatial unit to another (migration) or from one host to another (transmission) Cross-resistance between molecules Recombination between loci Specificity of the model, applied to one (or a few) species or diseases Numerical simulation: the state of the system at time t or at equilibrium is obtained by successive iterations Stochastic model (if the simulation is run at another time, the result is different) Resource dynamics over time: the model has parameters that are not linked to the target organism and that describe changes in the size or density of the resource over time Population dynamics of the target organisms: models integrate equation parameters that take into account size or density variation of the target organism) Model in discrete time: time is divided into distinct units, often calculated as years or generations; equations give the state of the system at time t + 1, as a function of the state at time t One or more than one active molecules Spatial distribution of xenobiotics (refuge, reservoir): the model includes a spatial area in which the target is not treated Temporal distribution of xenobiotics: the model includes cases in which treatment is not continuously applied over time Mixture of molecules, including associations, combinations, pyramiding, gene-stacking Temporal distribution of treatments, including cycling, alternation, rotation Spatial distribution of treatments, including mosaic Alternative methods of control, not using the xenobiotics, but having a direct or indirect impact on resistance Quantifies the size of the target organism population Quantity and quality of healthy resource (yields, patients…) Frequency of resistant target organisms Economic gain. Follows an economic criterion A graph shows changes in resistance over time Threshold is based upon a finite delay Threshold is based upon frequency Comparison is based upon the situation at equilibrium (either analytical situation or stabilization of the resistance allele)



Quantitative resistance Distance of migration Mutation rate Resistance dominance Initial resistance Resistance cost Migration



Modelling parameter



Cross-resistance Recombination Model specificity Simulation Stochasticity Resource dynamics Population dynamics Discrete time



Strategies



No. of molecules Refuge Temporal distribution Mixture Rotation Mosaic Alternative methods



Output



No. of pests Resource Frequency of resistance Economics Graph Finite time Frequency threshold Equilibrium
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whether they were frequently (more than 80%) or rarely (lower than 20%) considered in the 187 models.



of r (R_Development_Core_Team 2006), to assess the effects of the various explanatory factors on the total number of model parameters.



Characterization of the explanatory factors Identification of the factors best accounting for the use of each model parameter



We hypothesized that differences between the features of the models described in the 187 different articles could be accounted for by four factors (Table 2). The three remaining questions on the reading grid made it possible to define three of these factors: the class of PD studied, the year of publication and the MT used (population genetics model or epidemiological model). The last factor corresponds to the citation group (CG) to which the articles belonged. These CG were defined from the cocitation analysis performed in our previous study (REX Consortium, 2007). We investigated whether these explanatory factors accounted for variations among the 187 models based on (i) the total number of model parameters taken into account, (ii) the nature of each model parameter taken into account and (iii) the combination of model parameters taken into account.



Then we performed a set of statistical analyses to identify the factor best accounting for the use of each model parameter. We first tested the null hypothesis of independence between the various explanatory factors and each of the model parameters, using Fisher’s pseudo-exact tests on contingency tables (with 10 000 permutations of the chisq.test function of r). False discovery rate correction was used to correct for multiple testing (Benjamini and Hochberg 1995). We then fitted generalized linear models to each model parameter, using binomial error and logit link (Venables and Ripley 2002). For each model parameter, we calculated the Akaike Information Criterion (AIC) of both the full model (model parameter = CG + PD + MT + year of publication) and each of the four linear models including only three of the four explanatory factors. We calculated the difference in AIC (DAIC) between the full model and each of the four linear models containing three factors each. A positive DAIC indicates that the three-factor model gives a worse fit (in terms of deviance explained and number of parameters used) than the full model. The three-factor model with the largest positive DAIC was selected and the factor excluded from this model was



Identification of the factors accounting for the total number of model parameters The total number of model parameters taken into account was counted for each model. Kruskal–Wallis rank sum tests were carried out with the kruskal.test function



Table 2. Distribution of the four explanatory factors among the 187 models analysed. Factors of article classification Year of publication



Citation group



Pesticide or drug
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Classes 1976–1985 1986–1990 1991–1995 1996–2000 2000–2006 Ecologists and agronomists Medical scientists Isolated Insecticidal protein Insecticide Antibiotic drug Others Herbicide Unspecific pesticide Fungicide Antiviral drug Population genetics Epidemiology Other



n (%)



Mean no. of parameters per model (SD)



Kruskal–Wallis rank sum test v2 = 1.257 d.f. = 4 P = 0.869



10 29 27 51 70 44



(5.3) (15.5) (14.4) (27.3) (37.4) (23.5)



12.4 13.3 13.5 13.4 13.1 13.7



(2.4) (2.8) (3.0) (3.2) (3.1) (3.0)



138 5 39 30 29 25 18 17 15 14 110 41 36



(73.8) (2.7) (20.9) (16) (15.5) (13.3) (9.6) (9.1) (8) (7.5) (58.8) (21.9) (19.3)



11.9 10.4 14.8 14.4 11.5 13.7 13.6 11.4 12.0 12.4 14.2 12.9 10.8



(2.3) (3.8) (3.0) (2.4) (2.8) (2.4) (3.2) (3.5) (2.9) (1.6) (2.9) (2.5) (2.5)



v2 = 17.588 d.f. = 2 P < 0.001 v2 = 33.138 d.f. = 7 P < 0.001



v2 = 35.536 d.f. = 2 P < 0.001
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considered to be the most explanatory according to the AIC. The best explanatory factor was the most explanatory according to the AIC if it was also significant according to Fisher’s exact test. Finally, we determined the proportion of the total deviance accounted for by each of the four models including only one of the explanatory factors. Identification of the factors accounting for the combination of model parameters We assessed the effects of the various explanatory factors on the combination of model parameters, by hierarchical clustering of the 187 articles on the basis of pairwise ‘Manhattan’ distance (i.e. the sum of the differences for each of the model parameters) under the ‘complete’ clustering option of the hclust function of r. Bootstrap values were estimated for the nodes of the tree, with the pvclust function available in the pvclust library of r. The correspondence between this clustering and the classification of articles as a function of the four factors considered was assessed by reporting these factors on the leaves of the tree. Results Individual error rates for parameter assignment Individual error rates were 
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