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Over the past two decades, advancements in DNA genotyping have revolutionized the
acquisition of extensive genomic data, essential for enhancing genomic selection in animal
breeding across multiple traits. Concurrently, the rapid progress of artificial intelligence has
piqued interest in its application to genomic selection. Despite its potential, the utilization of
ensemble methods and deep learning models for predicting livestock animal phenotypes
based on genotypes lags behind parametric GBLUP mixed models, which are regarded as
the current state of the art. The primary objective of this study was to conduct a benchmark
analysis, comparing various parametric, ensemble, and neural network methods for
predicting animal phenotypes using extensive genotyping data.

The dataset employed for training and validating different models comprised 100,000
Holstein cows characterized for 33 quantitative traits (phenotypes: milk production, fertility
and morphology category). Genotyping data (50K SNP/animal) were utilized to predict the
33 traits, employing parametric mixed model GBLUP, as well as gradient boosting (GB) and
various deep learning models, including MultiLayer Perceptrons with various architectures
(MLP), Convolutional Neural Networks (CNN), CNN Transformer, Value Imputation and
Mask Estimation (VIME), and MLP Variational AutoEncoder (VAE). To assess predictive
model performance, we employed the same data for training, validation, and evaluation
sets, measuring accuracy through root mean square error (RMSE) and Pearson correlations
(R) between actual and predicted traits.

According to the correlation coefficient (R), GBLUP (R=0.38) outperformed all other models
in predicting most of the traits. However, on average, MLP performed slightly less effectively
(R=0.38) than GBLUP, with no significant difference (p>0.05). The remaining models (GB,
CNN, CNNT, VIME+MLP, VAE+MLP) demonstrated lower efficiency. Conversely, based on
RMSE, certain traits (2 to 9 traits of milk production and fertility) were more accurately
predicted by GB or MLP models, never by more complex models (CNN, CNNT, VIME+MLP,
VAE+MLP). Further refinement of deep learning models specifically tailored to genomic
data is essential for improved prediction of traits determined by polygenic gene effects.
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INTRODUCTION msssmcrrrassssss) CONCLUSION
Background ¢ GBLUP Dominance: the traditional GBLUP model remains the most effective for
+ Revolution in Genomics: the past two decades have witnessed predicting livestock genetic value of the traits from genomic data.
significant advancements in DNA sequencing and high identity * MLP's Potential: the Multi-Layer Perceptron (MLP) model, with an optimized
genotyping technologies. architecture, closely approaches the effectiveness of GBLUP in predicting
= Al in Genomics: the rapid progress in artificial intelligence has certain traits.
sparked interest in its application to genomic selection (1,2). * Performance of Other Models: while Gradient Boosting (GB) and MLP models
showed superior performance for a small subset of traits, more complex deep
Objective learning models did not outperform the GBLUP.

Our study aims to perform a model benchmark analysis.
We compare the effectiveness of various modeling approaches—
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MATERIAL & METHODS

Data

e Animals & Phenotypic traits
We used a real dataset consisting of 113,599 French Holstein cows, with records for 33 quantitative traits
associated with milk production, measured by the Yield Deviation.

e Genotypes
Genome-wide SNP data were obtained using lllumina SNP-chip. 53,469 biallelic SNPs were selected and they
were coded as 0 for homozygous major allele, 1 for heterozygous, and 2 for homozygous minor allele.

Training & Evaluation

e Data Splitting
We divided the data into 3 sets: training (93,484 cows), validation (10,086 cows), and test (10,015 cows),
ensuring no half-sisters were shared between sets. The test set includes the latest generation of offspring.

e Model Evaluation e
We calculated the Pearson Correlation Coefficient (PCC) and the Mean Squared Error (MSE) between the Key words: 1A, Deep Learning, SNP,
actual and predicted Genomic Estimated Breeding Values (GEBV). genomics, cow, milk production

RESULTS

MSE Across 33 Traits for Each Model with ANOVA Test Results ~ MSE performance of models by 5 traits in milk production  Correlation Across 33 Traits for Each Model with ANOVA Test Hierarchical Qustering of Models
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MSE _nfM_lF‘u_sinxdiff!rent uafnlﬂg_ _sixe!fur_s_l_r_iils Results in a nutshell

.,-/‘ = 3 * There are significant differences among the models. The models that perform better in terms of MSE are not
necessarily better in terms of correlation. In terms of overall performance, GBLUP > Gradient Boosting 2
MLP > Other models, especially for traits with high heritability (i.e. large additive genetic effect).
MLP stands out for its efficiency, as it has a simple architecture and can perform multi-trait predictions
simultaneously.
By performing feature selection to eliminate less important SNPs, or by augmenting the dataset with
additional SNP data in the training set, the model's performance can be enhanced.
Utilizing neural networks to predict phenotypes solely from SNP data presents challenges. Enhancing
performance will necessitate refining models and incorporating biological pedigree or genomic information.
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