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Abstract. Some studies have revealed the effects of environmental arsenic exposure on the 

learning and memory ability of male rats and its epigenetic mechanism, and found that arsenic 

exposure led to the downregulation of cognitive-related gene expression, the change of histone 

modification, and then caused neurotoxicity, and the paternity exposure caused cross-generation 

learning and memory impairment in F2 generation male rats. In fact, in addition to the harsh 

environment, providing a favorable environment for mice can also show the phenomenon of 

cross-generational inheritance in their offspringVarious studies indicate that the environmental 

enrichment greatly enhance long-term memory and cognitive levels. Environmental enrichment, 

which includes a rich social and physical environment, enhances long-term memory and 

cognitive function in mice. For example, the offspring of male mice that received environmental 
enrichment and emotional training show substantial gains in cognitive ability and long-term 

potentiation (LTP), even without similar training themselves. This suggests that the impact of 

environmental enrichment can be inherited genetically to the subsequent generation. It is thought 

that the genetic effect of miR 212/ 132 in sperm is mediated by the former. While prior studies 

emphasize the significance of miR 212/132, the current study focuses primarily on the available 

literature and has some limitations. Thus, this proposal will try to expand the knowledge of 

factors connected with memory inheritance, especially the factors associated with the impact of 

environmental effects in enrichment, and thus, understand the actual complexity of the 

aforementioned genetic processes and the modulating influence of environmental stimuli on the 

genetic patterns. 
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1.  Introduction 
Stress memory is based on sustained persistence of a primed condition in absence of stress. Three 

different types of memory are known to exist regarding the lifespan of plants: somatic, intergenerational, 

and transgenerational memory[1,2]. Priming usually takes place over a few days or weeks in somatic 
stress memory. After one generation without stress, the stress imprinted in intergenerational memory is 

still discernible. However, stress imprints in transgenerational memory remain visible and persistent 

even after two generations without abiotic stress[3]. 
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Recent findings suggest that environmental cues can trigger events enabling information transfer to 

the subsequent generation without involving genes[1].Such forms of inter- or transgenerational 

inheritance have been described for aversive stimuli, such as chronic or early life stress that lead to 

altered response of the hypothalamic-pituitary-adrenal axis, increased anxiety and depressive-like 
behaviour in the following generations[4-8]. Behavioral dysregulation is also linked to several other 

neuropsychiatric disorders including ADHA and autism spectrum disorders.These disorders are caused 

by genetic factors, but they may also be affected by the environment.Thus, the roles of genetics and 
environment in determining vulnerability to psychiatric disorders have become more relevant to further 

analysis[9].  

According to the current research, an environmental factor that was shown to lower the risk for 

various complex diseases, including those affecting the brain, is the combination of physical exercise 
and cognitive training, also called environmental enrichment[10]. Environmental enrichment(EE) has 

significant positive effect on LTP and cognitive ability. Environmental enrichment includes abundant 

social and physical environment which has been proved that could play a key role in memory 
enhancement. The EE male mice that underwent EE training and emotional expression training, for 

example, also showed significant enhanced cognitive abilities and synaptic plasticity in their offspring, 

although these F1 generation mice have never accept the similar EE training. This suggest that the effect 
caused by environmental enhancement is not only limited on the individual who directly accept the 

training, but also be passed on to their offspring through genetic transmission. 

Studies have found that miR 212/132 in sperm is crucial in regulating this process according to other 

research.The miR 212/132 is a small non-coding RNA that is involved in the modulation of genes 
affecting memory and other cognitive processes. While these studies show that miR 212/132 plays a 

role in the effects of environmental enrichment, the current papers aim to identify and confirm the factors 

associated with the increase in cognitive levels. 
Those approaches gives some insights, but also has drawback, because it is not combinatorial analysis 

of all genetic and environmental effects. 

Therefore, it is the intention of this proposal to delve deeper into the antecedents of memory related 

to inheritance, more so the ones that maybe linked to the impacts of environmental enhancement. We 
will focus on the following aspects: Firstly, which specific RNA molecules or other molecules are 

implicated in the assumed influence of environmental enrichment on the transmission of memory? 

Second, how and why is the enhanced memory effect only for one generation but not across more 
generations? This may add the difficulty of genetic mechanisms or the impact of environmental factors 

on genes expression. Thus, we are planning to make experiments more systematic and comprehensive 

as to aim at answering these questions and pointing to new prospects and possibilities for research. 

2.  Methodology procedures and predicted results 

2.1.  Screening of the RNA 

Neuroscience research greatly benefits from single-cell sequencing technologies, which can reveal 

transcriptional alterations on a cellular level[11]. RNA-seq methods are available for studying many 
different aspects of RNA biology, including single-cell gene expression, translation (the translatome) 

and RNA structure (the structurome). Exciting new applications are being explored, such as spatial 

transcriptomics (spatialomics). Together with new long-read and direct RNA-seq technologies and 
better computational tools for data analysis, innovations in RNA-seq are contributing to a fuller 

understanding of RNA biology, from questions such as when and where transcription occurs to the 

folding and intermolecular interactions that govern RNA function[12]. To perform an initial screening, 
we plan to conduct RNA sequencing (RNA-seq) on different generations of environmental enrichment 

(EE) mice, specifically including the F0 generation (i.e., the original mice subjected to environmental 

enrichment), the F1 generation (the offspring of the F0 generation), the F2 generation (the grandchildren 

of the F0 generation), and normal control mice (HC). RNA sequencing will allow us to followed RNA 
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expression in different generations of mice that underwent EE intervention systematically to look for 

the gene expression changes. 

Following the RNA sequencing, we shall filter out for RNAs that have increased levels in 

environmental enrichment mice (F0, F1, F2) as compared to normal control mice (HC). These RNAs 
may be categorized as being involved in a memory enhancing or cognitive function improving activity 

since their expression levels are elevated. Next, we will perform differential analysis on these RNAs, 

defining the differences as: D1 = F0–HC, D2 = F1–F0, and D3 = F2–F1. This approach will enable us 
to determine the relative amount of changes in the RNA levels of mice belonging to different generations.  

Our selection criteria are set as follows: D1 > D2 > D3. This means that, we anticipate RNA levels 

to be considerably higher in the F0 generation compared to HC, lower in the F1 generation compared to 

F0, and even lower in the F2 generation as compared to F1. This decreasing pattern supports the 
hypothesis that the memory inheritance effect weakens gradually across generations. The RNAs that 

will be considered the potential target factors which might be involved in mediating the memory 

inheritance effects due to environmental enrichment are those that meet this criterion. However, various 
RNA effects can also be observed in experiments, so we have also developed corresponding predictive 

models, as shown in Figure 1. 

Fig.1(a) is the expected model of decreasing RNA expression from generation to generation as a 
screening criterion. Irregular expression changes will also be obtained after RNA sequencing, as shown 

in Fig.1(b). According to the analysis, RNAs similar to this change are RNAs that are not relevant to 

this study. Fig.1(c) shows the expression results of RNA completely opposite to the standard. This kind 

of RNA is a factor that inhibits LTP level and also has genetic effect. The RNAs with a constant level 
of RNA expression and no genetic effect in the genetic aspect of neural memory (see Fig.1(d)). 

 

Figure 1. Possible RNA Expression Results 

After that, we will proceed with the second step of the screening, divided into two experimental 

groups: 

First Group: Firstly, the ordinary control male mice (HC) will be trained for ten weeks so as to 
become environmental enrichment mice (EE). These EE mice will be crossed with ordinary control 

female mice to generate the F1 generation of mice. After this the F1 generation mice will be crossed 

with ordinary control female mice to obtained the F2 generation. The purpose of this group is to 
investigate the long-term effects of environmental enrichment on memory and cognitive function using 

genetic transmittance techniques. 
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 Second Group: Ordinary control mice (HC) will be used as F0 generation and will be mated to 

generate F1 and F2 generation. This group of mice will therefore be used to compare the differences 

that will be observed in the first group of mice. 

 The F2 generation mice from both the experimental groups will be subjected to the two weeks of 
environmental enrichment training. It should be noted that, according to existing literature, 

environmental enrichments training that lasts for only two weeks is typically inadequate to induce 

significant memory improvement; therefore, we adopt this brief training regimen as a true test of the 
experimental hypothesis. 

The predicted model was shown in Figure 2. This diagram demonstrated that two weeks of EE 

training activated RNA-related expression levels in F2 generations of EE mice. Previous studies have 

shown that 2 weeks of training does not directly increase LTP or memory, so the cause of this effect 
should be genetic, as we predicted. 

 

Figure 2. RNA Expression Level Prediction Model 

After the training, we will perform the long-term potentiation (LTP) level tests in the F2 generation 

mice, and apply the Morris Water Maze (MWM) and Fear Conditioning (FC) tests to evaluate their 
cognitive function and memory respectively. The memory inheritance effects will be confirmed or 

rejected depending with the scores from these tests. If F2 generation mice from the first group give 

significantly better results in these tests than the F2 generation mice of the second group, it can be 
concluded that although the F2 generation mice were not directly trained in the environmental 

enrichment training, they have inherited some of the memory enhancement effects of the training and 

they also possess superior cognitive abilities as compared to the ordinary HC mice. This result would 
support our hypothesis of the memory inheritance effects. 

The predicted results are shown in Fig.3. Direct measurements of LTP levels were used to 

demonstrate that the above elevated RNA levels were associated with elevated LTP levels. 

 

Figure 3. LTP Enhancement Model[10] 
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The cognitive ability was calculated using linear mixed models to account for batch and litter effects 

(see Experimental Procedures). *p < 0.05 (t-value=2.80, df=10). HC: HC: n = 29, N = 6; EE: HC: n = 

32, N = 7 (n represents number of mice, N represents number in litter). And the expected result is showed 

in Fig.4(a). Fig.4(b) illustrating the magnitude of change of each individual parameter that went into the 
cognitive score calculation. 

 

Figure 4. Cognitive Ability Evaluation Model[10] 

Last, we will carry out RNA sequencing (RNA-seq) for the F2 generation mice from both 
experimental groups to determine the overrepresented RNAs as compared to the HC mice. These RNAs 

will be compared with the target factors as obtained in the first step of screening so that we can see if 

there are any similarities between the two. This process will help us confirm or rejected the previously 
proposed hypothesis and, in addition, determine which RNAs are involved in the inheritance of effects 

of environmental enrichment in memory. The predicted results in this section are shown in Figure 5. 

 

Figure 5. Final Target Selection Model 

2.2.  Confirmatory experiment 

From the previous screening, several RNAs which conform with the initial hypotheses have been found. 

We will select five of the RNAs. Here in this experimental set up the lineage cultivation will be done on 
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the male mice belonging to the EE (experimental group) and HC (control group) with the restriction of 

different experimental factors. The general design of the experiment consists of three main phases, of 

which each has the corresponding treatment group. 

Group 1: We will conduct lineage cultivation on EE male mice, and treat F2 generation fertilized 
eggs, and let them grow. For this group, only interference RNA will be injected into the F2 fertilized 

eggs to eliminate other interferences. 

Group 2: Similar lineage cultivation will also be done on EE male mice. Following the derivation of 
F2 generation fertilized eggs, we will inject five RNAs that earlier discovered in these experiments, one 

at a time, into the eggs. These RNAs will not be mixed but injected separately into F2 fertilized eggs in 

order to determine the contribution of each RNA. 

Group 3: The same treatment will be applied to HC male mice as is applied on the rats of the previous 
groups. The F2 generation fertilized eggs will be injected with the same 5 different RNAs that were 

injected to the fertilized eggs in Group 2. This group is designated in order to compare with the results 

of Group 2, to determine whether RNA injection has effects on fertilized eggs from different types of 
mice. 

Subsequently, the fertilized eggs will be grown into individuals, and their cognitive abilitie will be 

evaluated by MWM (Morris Water Maze) and FC (Fear Conditioning) tests. Levels of LTP (Long-Term 
Potentiation) will be measured by LTP recording. The outcomes will be compared in all the three groups. 

The experimental workflow is shown in Figure 6. 

 

Figure 6. Experimental Procedure 

For the injection volume, to get the results which are closer to our experimental objectives, we 

propose to inject a small volume into fertilized eggs. The data on the specific injection dosage will be 
collected in advance with the help of preliminary experiments. 

Fig.7 shows the predicted results of this set of experiments. The five EE sperm RNA selected were 

injected into fertilized oocytes in small amounts to provide cognition for the offspring advantage, which 

is reflected in a significant increase in cognitive scores which was showed in Fig.7 (a). Fig.7(b) will 
further demonstrate, through three evaluation dimensions of cognitive ability, that the selected RNA 

acts as an activator of memory inheritance. 
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Figure 7. Cognitive Ability Comparison 

The Fig. 8 was designed to demonstrate that RNA injection is directly related to LTP growth. 

 

Figure 8. LTP Enhancement Model[10] 

Thus, the distinctive experimental treatments of the three groups will allow us to reasonably confirm 

or reject the proposed hypotheses as well as collect the necessary experimental data. This forms the 

entire process of this experiment. 

3.  Discussion 

The analysis of existing work by other authors and results of our experiments indicates that both motor 

activity and physical cognition can increase synaptic plasticity, and lead to the improvement of learning 
and memory functions, and also decrease risks of multi-faceted processes, including Alzheimer’s 

disease.AD is chronic and multifactorial in its development and elaboration of the progression 
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mechanism of the disease is a challenge.The knowledge that women are at a higher risk for Alzheimer 

disease may help continue advancement of additional knowledge of these complicated processes and 

future investigation concerning the progression of the disease in males and females[13].Thus, sperm of 

male mice was chosen as the object of study in the present work. Several prior works have established 
the link between the miR-137-5p and the neurotoxicity of beta-amyloid 1-42[14].A study done on adult 

male mice has shown that enriching the environment can increase synaptic plasticity and cognitive 

function in offspring. This impact is controlled by RNA in sperm in specific; a chief representant of 
RNA is miR-212/132.However, there are some problems and open issues in the current quantitative 

studies, and the purpose of this paper is to provide the experimental treatments and data for these 

problems. 

Although this article cannot provide specific data as the experiments have not yet been conducted, 
our proposed predictive model helps to conclude which RNAs mediate the transgenerational effects of 

environmental enrichment on mouse memory. This memory genetic effect is gradually diluted through 

generations and that is why we might not directly see the memory improvement by the F2 generation 
because their expression levels might be relatively low. However, this effect can be activated by the 

addition of a small amount of related factors, resulting in observable memory growth. 

In addition, there are certain limitations in our experimental design: 
The sequence of our experimental steps is rather tightly connected. In the Experiment 1, we employ 

RNA-Seq technology for the identification and screening of the RNAs, which are expressed at less 

generation as compared to other ones. But if such RNAs are not identified through this screening, then 

it would mean that this intergenerational genetic phenomenon may not exist, which would hinder to the 
continuation of further experiments. 

That is, we have neglected some inhibitory factors and other variables. In memory regulation, there 

can be some factors which are negatively related to the regulation of memory. However, this experiment 
only contained the discussion on the positive factors and did not bother to explain the roles of these 

negative factors. 

Further, some of the factors that could be indicated may be intermediates that are not directly 

involved in regulation of memory. 
In addition, we did not explore the specific molecular mechanisms which ensure these factors affect 

the intergenerational transfer of enhanced synaptic plasticity and improved cognitive ability. The overall 

experiment has not sought to understand how these factors enrich information processing capabilities 
by modulating synaptic plasticity or dig deeper into their functions in relation to epigenetic inheritance. 

Specifically, it is still unclear understood how these factors affect the synaptic plasticity and 

improvement of cognitive ability and how their genetic inheritance at the molecular level is regulated. 

4.  Conclusion 

The working flowchart of my proposal is showed in Fig.9. 

 

Figure 9. Working flowchart 
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From those procedure, we can draw several conclusions: 

(1) Enriched environment (EE) training can directly enhance mice’s cognitive abilities and synaptic 

plasticity, and this effect is heritable but weakens with each generation. 

(2) From the above experiments, the researchers can determine some of the RNA molecules that 
influence synaptic plasticity and cognitive capacities. 

(3) After EE training, comparing the two groups of mice reveals a small amount of genetic 

inheritance. 
(4) The selected RNA is similar to substances like RNA activators. Their addition can only enhance 

the LTP levels and cognitive abilities of the offspring of the EE mice.  
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