[bookmark: _Hlk111306711]Table S1. Typical mechanisms of harmful substances and stress responses in vertebrates.
	Toxic effects and mechanisms
	Exposure
	Toxic mechanisms
	References

	







DNA
Methylation
	Smoking
	Epigenetic mmu-miR-15b downregulation due to CGI shore hypermethylation in murine spermatozoa. Reduced mmu-miR-15b further elevates the expression of its target gene, Wnt4, in the thalamus of F1 brains, followed by the activation of the Wnt4 pathway. The canonical Wnt4 pathway induces inhibitory GSK3 phosphorylation, ultimately inducing hyperactivity and alleviating depression in the offspring. Reduced striatal dopamine D2 and D4 receptor mRNA expression caused by the paternal nicotine exposure.
	Dai et al. (2017)

	
	Bisphenol A,
Bis(2-ethylhexyl) phthalate,
Bibutyl phthalate
	Differential methylation regions in the promoters of genes, such as Gdnf, Fgf19 and Esrra, related to metabolic diseases.
	Manikkam et al. (2013)

	
	Vinclozolin
	Several known differentially regulated genes are associated with male infertility, such as Hdac1 and Hspaa1.
	Guerrero-Bosagna et al. (2013)

	
	Early stress
	Long term isolation from mother changed the promoter DNA methylation level of several candidate genes, including Mecp2 and Cb1, in these isolated male germ lines.
	Franklin et al. (2010)

	

	

MC-LR
	Testicular damage caused by MC-LR embodied in the lower expression of Hsp90α, which induced profile downregulation of piRNAs in the corresponding sperm. This results in aberrantly activated Wnt/β-catenin pathways in pulmonary tissues in offspring.

	Meng et al. (2020)

	


	
Traumatic stress
	Epigenetic changes involving histone posttranslational modifications at the mineralocorticoid receptor (MR) gene and decreased MR expression in the hippocampus.

	
Gapp et al. (2014a)

	

Small Noncoding RNAs


	
High-fat-diet

	F1 male offspring have differential expression of the miRNA let-7c in sperm. Expression of let-7c inversely correlates with that of multiple metabolic target genes, including ucp2, in both F1 and F2 female offspring.

	Barbosa et al. (2015)

	
	
PM2.5
	Sperm miRNA profile analysis verified that mm-mir6909-5p was the only sperm miRNA differentially expressed due to PM2.5 exposure. Mm-mir6909-5p could simulate all the effects of paternal PM2.5 exposure on offspring’s energy homeostasis.

	Chen et al. (2021)

	
	Dexamethasone (Dex)
	Acute administration of stress-sensitive glucocorticoid receptor agonists (using ordinary glucocorticoid Dex) affects the RNA payload of mature sperm within three hours after exposure. It further affects the transcriptional trajectory of early embryos determined by single embryo sequencing and the metabolism of offspring.
	Gapp et al. (2021)

	







Histone Modifications
	Cocaine
	Cocaine can induce acetylation of H3 histone in the promoter region of BDNF gene in the brain tissue of male mice, and this modification can be transmitted to future generations.
	Vassoler et al. (2013)

	
	High-fat-diet
	Protein expression of di-methylated H3K9me2 was decreased with F0 HFD. Placental and fetal tissue weights were decreased by F0 HFD in F1 males.
	Claycombe-Larson et al. (2020)

	
	
	The effect of paternal HFD on the expression of dimethyl H3K9 in adipose tissue of offspring of ICR mice related to the adiponectin promoter region found that the expression of dimethyl H3K9 protein was increased. 

	Lambert et al. (2000)

	
	
	Paternal obesity impacts sperm H3K4me3 and is associated with adverse placental, embryonic and metabolic outcomes in descendants.

	Pepin et al. (2022)

	
	

Alcohol
	Preconception paternal EtOH exposure might cause sperm cell epigenetic dysregulation, which in turn might result in gene expression alterations within the offspring brain (such as Id2 and RZRβ expression), thereby resulting in altered cortical patterning and ectopic development of neocortical circuits (such as the mixing of S1 and V1 INCs).
	Conner et al. (2020)
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Figure S1. Forest plot for comparison of intergenerational and transgenerational inheritance (CI, confidence interval, total 95% CI, 0.69-1.19). Odds Ratio (OR) = (exposed numbers in the case group/nonexposed numbers in the case group)/(exposed numbers in the control group/nonexposed numbers in the control group). OR＞1, this factor is a risk factor for the disease; OR=1, this factor has no effect on the occurrence of disease; OR＜1, this factor is a protective factor for the disease. The overall odds ratio was 0.91 (different symbols represent different relative weights in the right figure, which range from 0.64 to 2.00). For example, in the first symbol, the range of the odds ratio is 0.75-5.33, and the OR value calculated by the formula represents the first symbol. The sum of each weight is the total weight.
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[bookmark: _Hlk111306849]Figure S2. Parental genetics research hotspot tag view. Co-occurrence network of the keywords “male” and “disease” (the minimum threshold for a keyword was more than ten occurrences). The four clusters containing keywords with the strongest occurrences are as follows: Cluster 1 (yellow): male, behavior, paternal care, rodent, pup, nucleus accumbens, fatherhood, brain. Cluster 2 (red): disease, male fertility, epigenetic mechanism, DNA methylation, pathology, syndrome. Cluster 3 (Green): child, year, month, pollutant, physical activity, parenting, youth, depression, smoking, air pollution, PM2.5, paternal incarceration. Cluster 4 (blue): male offspring, rat, sex ratio, week, body weight, paternal, exercise, paternal exercise, fitness, bisphenol, small noncoding RNA, F1 offspring, intergenerational effect.
[bookmark: _Hlk111306861]Nearly 2,000 documents containing the relevant keywords ‘paternal exposure, harmful chemicals, stress responses, exposure pathways, toxic effects and mechanisms’ were processed, imported into VOS viewer software, and displayed in the form of a color cluster view of the word cloud by using its keyword “co-occurrence” function, as shown in Figure S2. The keywords “male offspring, male, disease, behavior, paternal care, child and year” were dominant, indicating that they are considerable concepts in the field. Unexpectedly, moderate dominancy of the keyword ‘brain’ draws our special attention in the cluster, indicating that neurotoxicity or brain development caused by paternal inheritance requires attention.
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