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Abstract
The Developmental Origins of Health and Disease (DOHaD) hypothesis posits that metabolic disorders including obesity, type 2 diabetes, and hypertension, may originate during early developmental stages as a consequence of maternal malnutrition during gestation. This framework has broadened to encompass emerging concepts in fetal reprogramming, particularly the influence of gestational nutrient deficiencies on the reproductive development and fertility of offspring. The maternal nutritional status during early development may have important implications on offspring’s reproductive health in later life. Epidemiological studies showing the effect of maternal nutrition on offspring’s fertility are limited; however, animal studies have shown the adverse effects of maternal nutritional deficiency on offspring’s gamete quality and reproductive parameters. The exact mechanism through which maternal nutrition affects the reproductive development of the offspring is unknown, but epigenetic modifications are being considered as the potential link. The gestational period is of critical importance during which major epigenetic reprogramming occurs. 
The maternal one-carbon metabolism plays an important role in supplying methyl donors which might affect the acquisition of epigenetic marks during this period, leading to detrimental reproductive outcomes in adult life. The maternal methyl donor deficiency during gestational period may influence this process and epigenetic signatures of developing gametes. The implications of maternal gestational methyl donor deficiency on developmental epigenetic reprogramming of the offspring reproductive system and fertility at adulthood have not been sufficiently researched. 
Therefore, this study aims to disentangle the effects of maternal gestational methyl-donor (VitaminB12, Folic acid and methionine) deficiency on offspring’s reproductive development and fertility. Animal model was developed using OCT4-GFP pregnant mice, which were administered standard control chow diet (CCD) and diet deficient in methyl donors by 40% (MDD) from gestational day 5 to 20. F1 offspring fed on CCD. F1 male reproductive development was evaluated at GD18.5, postnatal day (PND)22, and PND60 through histopathology and histomorphometry. Whole-genome bisulfite sequencing (WGBS) was conducted to profile genome-wide DNA methylation and identify differentially methylated CpG sites in primordial germ cells (PND0) and whole gonad (PND0) of 40% MDD versus CCD groups. In F1 offspring of the 40% MDD group, cryptorchidism, increased mortality, and progressive testicular histopathology were evident from GD18.5 to PND60. Quantitative histomorphometry and immunofluorescence revealed marked depletion of spermatogonia, spermatocytes, and Sertoli cells, accompanied by germ cell sloughing, seminiferous tubule atrophy, and TUNEL-positive apoptosis. In adulthood, sperm count and motility were significantly reduced. For testes at PND 0, Genome-wide methylome profiling identified 12,682 differentially methylated cytosines (DMCs) and 3874 differentially methylated genes (DMGs). Gene ontology and pathway enrichment analyses demonstrated enrichment of genes critical for spermatogenesis and fertility regulation. Gestational methyl donor deficiency disrupts male reproductive development of F1 offspring, leading to subfertility in F1 offspring. These defects are underpinned by widespread DNA methylation alterations, highlighting an epigenetic basis for reproductive disorders within the DOHaD framework. The detailed results will be presented during seminar.


