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Reconstructing haplotypes from genotypes in multiparental populations using Artificial Neural

Networks

• Currently, the best haplotype imputation algorithms are based on Hidden Markov Models (HMM) [4] • In the last years, geneticists started to unfold the power of Convolutional Neural Networks in population genetic inference [5] • Our goal is to explore the potential and robustness of Neural Networks for haplotype reconstruction, and secondarily for predicting the number of recombination events • We worked on simulations before applying our model to the C. elegans multiparental experimental evolution (CeMEE) dataset [6], with the Single Nucleotide Polymorphisms (SNPs) of the chromosome I as a case study Reconstructing haplotypes from genotypes in multiparental populations using Artificial Neural Networks

Results

• Neural Network are efficient at predicting haplotypes from genotypes, but the upcoming comparison with HMMs will be crucial to assess their valuableness • Our model is robust to varying mean or variance of genotypes similarities -in a limited range -and it is likely to give accurate predictions for other datasets • A "scalable" model that requires less memory is also being developed

• Future models should be trainable without the founders and they may be optimised with a meta-modelling approach to further improve their accuracy 
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  Jérémy ANDRÉOLETTI, Luke NOBLE and Henrique TEOTÓNIO Team Experimental Evolutionary Genetics • Previous methods (HMM) : require the non-trivial computation of statistical indicators vs. Neural Networks (NN) : only need the genotypes • Training data : thousands of genotypes + associated haplotypes obtained by recombining simulated or real founders • Input : matrix constructed by alternating 1 descendant with the 16 founders and the genetic map (= probability of recombination between markers) • Types of Neural Networks employed : 1. CNN = Convolutional Neural Network ⇢ suitable for image analysis piece by piece, reduces the dimensionality 2. LSTM = Long-Short Term Memory ⇢ suitable for sequence analysis, returns sequences, refines the results of the CNNs 3. Dense Neural Network ⇢ classical fully connected NN, more efficient on reduced input, returns a multi-categorical classification = haplotype

2 •

 2 A major goal in population genetics is to predict the genetic history of contemporary populations from sequence data [1] [2] • In experimental and agricultural genetics there are many cases where multiple founders (of known genotypes) are combined to produce recombinant progeny [3] • For each descendant, reconstructing its haplotype means finding which regions along the genome descend from which founder • Limiting factors for haplotype reconstruction are the number of founders, relatedness between them, and the number of generations to the focal descendants Simulation of haplotypes and genotypes, mimicking the experimental design [6] Architecture of our most accurate neural network model for haplotype reconstruction : A = input formatting, B = dimensionality reduction, C = core analysis, D = prediction checking Recombinations number prediction