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Abstract 

Cardiovascular disease is one of the most significant causes of death globally, especially in 

regions where unhealthy diets are prevalent and dietary fibre intake is low.1,2 Fibre, particularly 

prebiotic types that feed gut microbes, is essential for maintaining healthy gut microbial 

ecosystems.3 One assumption has been that cardiovascular health relates directly to lifestyle 

choices in adult life. Here, we show in mice that some of these benefits operate from the 

prenatal stage and relate to the diet and gut microbiome of the mother. Intake of fibre during 

pregnancy shaped the mothers' gut microbiome, which had a lasting founding effect on the 

offspring's microbial composition and function. Maternal fibre intake during pregnancy 

significantly changed the cardiac cellular and molecular landscape in the offspring, protecting 

them against the development of cardiac hypertrophy, remodelling, and inflammation. These 

suggest a role for foetal exposure to maternal-derived gut microbial metabolites, which are 

known to cross the placenta and drive epigenetic changes. Maternal fibre intake led to foetal 

epigenetic reprogramming of the atrial natriuretic peptide gene (Nppa), protective against heart 

failure. These results underscore the importance of dietary intake and the gut microbiome of 

the mother during pregnancy for cardiovascular disease in the offspring.  
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Introduction 

Diet is an important modifiable contributor to the development of cardiovascular disease 

(CVD).2,4 Dietary fibres are carbohydrates that remain undigested and unabsorbed until they 

reach the large intestine. Some of these fibres, such as resistant starches, are metabolised by 

gut microbial communities and considered prebiotic.3,5 Westernised diets, often very low in 

dietary fibre, are associated with increased risk of cardio-metabolic diseases.6 Conversely, the 

risk of CVD is decreased by diets high in fibre,7 such as the Mediterranean diet.8,9 Yet, the 

prevalence and incidence of CVD continue to rise, while fibre intake continues to decrease.10,11  

Maternal nutrient intake and intrauterine exposures to nutrients and metabolites are 

fundamental determinants of postnatal outcomes.11 Nutrient quality and accessibility during 

foetal life underpin the developmental origins of health and disease.11 This hypothesis is 

supported by experimental, clinical and epidemiological studies, and result in the induction of 

cardio-metabolic and other non-communicable diseases.12 The concept of maternal nutritional 

constraint is a fundamental non-genetic factor regulating foetal development.12-14 Nutritional 

and metabolite allocation during foetal development significantly impacts growth and, more 

importantly, epigenetically regulates offspring's postnatal phenotype and physiological 

variation.13 Growth restrictions during the perinatal period are associated with accelerated 

postnatal growth and subsequent development of coronary heart disease.14 However, the impact 

of maternal-derived gut metabolites and fibre intake as epigenetic mediators of the offspring’s 

cardiovascular outcome is yet to be determined.  

Fibre intake has a significant impact on the composition and function of the gut 

microbiota,15 an emerging player in CVD.16 Increasing evidence supports an important role for 

the maternal gut microbiota in the offspring, both on the appropriate development, such as the 

priming of the immune system,17 and emergence of adverse phenotypes, such as metabolic 
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syndrome.18 The prevailing theories suggest the relationship between offspring development 

and maternal gut microbiota is mediated by placental transfer of microbial-derived metabolites, 

such as short-chain fatty acids (SCFAs),19 which epigenetically influence the expression of 

genes.19,20 Therefore, in utero epigenetic changes, through regulation and modification of 

histone proteins, may be instrumental in determining the intergenerational risk of CVD. Thus, 

understanding the changes resulting from maternal fibre intake and cardiovascular health in the 

offspring can untangle the elusive 'why' in the continued rise in CVD prevalence globally.  

Here we demonstrate that maternal fibre intake, through changes in the gut microbiota, 

associated metabolites and the chromatin landscape, modulates the cardiac phenotype of the 

adult offspring and their predisposition to CVD. We also discovered augmented and persistent 

metabolic changes in the offspring’s microbiome. Tackling CVD may require approaches that 

span all stages of life, including foetal development. Understanding microbiota and metabolite 

mechanisms has important implications for the prevention of CVD globally. 

 

Results 

Maternal fibre intake protects the offspring against CVD 

Current experimental evidence supports the notion that high fibre intake elicits cardio-

protective effects in the first generation via the gut microbiota.21,22 To determine whether this 

cardio-protection might persist in the second generation, pregnant C57BL/6J female mice were 

fed high-fibre or low-fibre isocaloric and nutrient-matched diets for the duration of pregnancy 

and breastfeeding (Supplementary Table 1). Although the high and low fibre diets were 

calorically matched, low-fibre fed dams had lower post-weaning weight, but we found no 

difference in these dams' cardiac to body weight ratio (Supplementary Figure 1). After 

weaning, all offspring were placed on the same standard chow diet. The cardiac phenotypes of 
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adult mice were compared after a hypertensive insult using angiotensin II (Ang II, 

0.25mg/kg/day) starting at 6-weeks of age for four weeks (Figure 1A). Following Ang II 

administration, male offspring from low fibre-fed dams had significantly increased heart 

relative to both body weight and tibia ratio (Figure 1b and Supplementary Figure 2), while 

body weight remained similar (Supplementary Figure 2). The addition of fibre during 

pregnancy protected male offspring against an adverse hypertrophic response (Figure 1b and 

Supplementary Figure 2). We studied a small number of female offspring, and these did not 

have the same response to maternal fibre, which may be explained by an increase in their body 

weight with maternal fibre intake (Supplementary Figure 2). Next, we assessed heart function 

by echocardiography, and found male offspring from low-fibre mothers had increased left 

ventricular posterior wall thickness in diastole but not in systole (Figures 1c-d). Moreover, 

maternal low-fibre intake decreased the male offspring's ejection fraction irrespective of Ang 

II treatment (Figure 1e). The cardiac phenotype was also assessed using cardiac catheterisation. 

Male offspring from low-fibre dams had an Ang II-induced increase in left ventricular systolic 

pressure and cardiac contractility (Supplementary Figure 3a-b). We observed no difference in 

heart rate and diastolic volume in echocardiography (Supplementary Figure 3c-d). Offspring 

from high-fibre dams had lower systolic and diastolic blood pressure; however, this difference 

in blood pressure was not maintained after Ang II-infusion (Supplementary Figure 4a-b), 

suggesting that the changes in the cardiac phenotype were independent of blood pressure.  

To further characterise the cardiac phenotype in offspring from low-fibre dams, we 

assessed the expression of markers associated with cardiac pathology. Maternal high-fibre 

significantly decreased collagen deposition in the heart (Figures 1f-g), and the expression of 

profibrotic collagen 1 Col1a1, collagen 3 (Col3a1), transforming growth factor-beta (Tgfb), 

and connective tissue growth factor (Ctgf) mRNA (Figures 1h-k). Low-fibre in the maternal 

diet combined with the Ang-II insult increased the expression of natriuretic peptide B (Nppb); 
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the addition of fibre in the maternal diet significantly blunted this response (Figure 1l). 

Together, these results support the notion that maternal fibre intake protects the adult offspring 

against an adverse cardiac phenotype. 

Maternal fibre intake leads to changes in the offspring's gut microbiota 

Alterations in the gut microbiota have emerged as a common feature and contributor to the 

development of CVD.23 Clinical and preclinical studies have identified distinct microbial 

signatures with fibre intake24 that are evident in CVD, such as heart failure.25 The gut microbial 

ecology is readily adaptable by dietary manipulations such as fibre.26 To determine the 

influence of maternal fibre intake on the offspring’s gut microbial composition, we first 

sequenced the bacterial 16S rRNA from caecal content collected from female C57BL/6J dams 

and their offspring. As expected, dams fed diets low or high in fibre had a different gut 

microbiota composition (Figure 2a and Supplementary Figure 5). Male offspring born to dams 

who received a high-fibre diet had distinct gut microbial colonisation that persisted into 

adulthood (Figure 2b), irrespective of sham or Ang II treatment. These findings were validated 

in independent cohorts (Supplementary Figure 5). This suggests the existence of a founder 

effect on the gut microbiota of the offspring in response to maternal fibre intake. We observed 

no differences in α-diversity measured by Shannon index and Chao1 between high-fibre and 

low-fibre samples (Supplementary Figure 6). Using linear discriminant analysis, we identified 

low-fibre offspring had higher abundance of Akkermansia sp., Azosporillium sp. and 

Clostridiales bacterium, while high-fibre offspring had more Barnesiella sp. (Figures 2c-d and 

Supplementary Figure 6). 

We utilised shotgun metagenome sequencing of caecal content from the adult offspring 

to further validate these findings and to identify specific differential species and microbial 

genes. We identified 1,128 statistically significant differentially expressed gene families in the 

caecal content from low- and high-fibre offspring, confirming the differences in microbial 
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colonisation (Figure 2e). Of these differentially expressed gene families, only 36 were in high-

fibre samples (Supplementary Table 2). We then interrogated enzymatic pathways and found 

174 enzyme signatures enriched in low-fibre offspring (Figure 2f, Supplementary Table 3). 

One hundred fifty-four of the identified enzyme signatures in low-fibre belonged to 

Akkermansia muciniphila, and one belonged to Parabacteroides goldsteinii. Akkermansia 

muciniphila upregulated genes encoding for mucolytic enzymes, including sulfatases, 

glycosylhydrolases, glycosyltransferases, β-N-acetylhexosaminidases, alpha-galactosidase and 

beta-galactosidase (Supplementary Table 3). Pathway analysis showed 10 microbial pathways 

enriched in low-fibre offspring, of which 3 were attributed to Akkermansia muciniphila 

(Supplementary Table 4). In contrast, high-fibre offspring had only 5 grouped enzyme 

signatures which belonged to Bacteroides ovatus, Escherichia coli and Lactobacillus murinus; 

the latter was previously shown to reduce inflammatory pathways and blood pressure 

associated with sodium intake.27  

Dietary intake of fibre leads to the production of SCFAs by the gut microbiota. In 

preclinical models, SCFAs are cardioprotective.21,22 Indeed, we identified mice fed a high fibre 

diet during pregnancy had 50% higher plasma total SCFA and 71% higher plasma acetate 

levels (Supplementary Figure 7). We hypothesised that high-fibre offspring would have 

acquired at birth from their mothers a gut microbiota that may be more efficient in producing 

SCFAs, independent of their post-weaning diet. We quantified plasma and caecal levels of 

acetate, butyrate, propionate and total SCFAs, and found higher levels of butyrate and 

propionate between high-fibre and low-fibre male offspring (Figure 2g-i).  

These gut microbial and metabolite composition changes can be accompanied by 

increased gut inflammation and subsequent gastrointestinal architecture and morphology 

changes. Thus, we assessed histological sections of the small and large intestines in the 

offspring. We observed no difference in villi length in the small intestine of offspring from 
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low-fibre and high-fibre linage (Supplementary Figure 8). However, offspring from low-fibre 

fed dams had reduced goblet cell count and increased collagen deposition in the small and large 

intestines (Figures 2j-n). Similarly to gut microbial colonisation, chronic Ang II infusion did 

not impact these findings. Together, these data suggest maternal fibre intake during pregnancy 

induces marked microbial and intestinal changes that persist in the adult offspring.  

Single-cell RNA-sequencing reveals maternal fibre intake induces differential cardiac 

cellulome  

We hypothesised that maternal fibre intake shaped, in utero, the epigenetic environment and 

modified the cardiac phenotype of offspring. We also hypothesised that maternal fibre intake, 

through SCFA production, might also induce marked cardiac transcriptional changes in the 

offspring. Thus, to understand how maternal high fibre intake shaped the cardiac cellulome, 

we performed single-cell RNA-sequencing (scRNA-seq) in 6-week-old naïve, unchallenged 

offspring (Supplementary Figure 9). A total of 25,557 cells were deep sequenced (94,006–

252,655/reads per cell). We identified and annotated 16 distinct clusters of cells using cluster 

differentiation markers, including mesenchymal cells, immune cells, and stromal cells 

(Supplementary Figure 9). Differential gene expression analysis revealed 2,686 up- and 2,379 

down-regulated genes between high-fibre and low-fibre offspring across all cell types (Figure 

3A, Supplementary Table 5). Gene ontology analyses revealed a markedly different 

transcriptional profile with several genes related to protein folding, and stabilisation 

upregulated in a number of cell types from high-fibre offspring (Figure 3c, Supplementary 

Table 6). Conversely, maternal high fibre intake down-regulated regulation of inflammatory 

and immune responses in macrophages and B cells, particularly related to interferon-β, and 

extracellular structure organisation, TGFβ, connective tissue development and collagen 

metabolic processes (Figure 3b, Supplementary Figure 10a-d), consistent with our findings 

regarding lower collagen deposition (Figure 1g-I).  
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We then utilised a flow cytometry panel in independent animals to determine the impact 

of maternal fibre intake on the cardiac cellular composition (Figure 3e). Maternal high-fibre 

intake reduced the abundance of cardiac lymphoid cells, particularly B cells, independent of 

sex (Figure 3f-h). Thus, these findings suggest maternal fibre intake prevents aberrant cardiac 

inflammation and fibrosis at both cellular and molecular levels in the offspring.  

Maternal fibre intake induces epigenetic regulation of atrial natriuretic peptide  

A previous study in a model of allergic airway disease showed the protective effect of maternal 

fibre intake was mediated through the inhibition of HDAC9.19 This histone deacetylase is 

primarily involved.16 We hypothesised that lack of HDAC9 would result in a lack of response 

to a high-fibre diet, which we tested in HDAC9-/- offspring. We found HDAC9-/- offspring from 

high-fibre mothers were still protected from Ang II-induced cardiac hypertrophy independent 

of an increase in blood pressure (Supplementary Figure 11). To determine if these changes 

were reflected in gene expression, we quantified Col1a1 and Nppb mRNA, and found no 

difference in their expression (Supplementary Figure 11). This may suggest high fibre-driven 

cardio-protection is not mediated through inhibition of HDAC9. Along with HDAC9, HDAC5 

regulates cardiac hypertrophic response to stress.28 Indeed, Hdac5 gene expression was 

affected by fibre intake, with a high-fibre diet significantly increasing its expression in wild-

type male offspring independently of Ang II treatment (Supplementary Figure 11). This data 

suggests that in our model, HDAC5, and not HDAC9, may be a critical mediator of 

cardioprotection by maternal dietary fibre.  

Besides HDAC inhibition, SCFAs were recently discovered to impact acetylation.29 

Thus, we assessed the level of acetylated histones in cardiac tissue using western blot. We 

found an increase in global histone3 acetylation at lysines 9 and 14 (H3K9/14ac) in low-fibre 

compared to high-fibre Ang II-treated offspring (Figure 4a). We observed high-fibre offspring 

had decreased expression of the atrial natriuretic peptide A gene (Nppa) compared to low-fibre 
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offspring (Figure 4b). We performed a chromatin-immunoprecipitation (ChIP) assay to 

elucidate further the epigenetic changes in this gene (Figure 4c). The ChIP assay revealed a 

decrease in H3K9/14ac14ac at the promoter region of the Nppa gene in Ang II-treated high-

fibre offspring (Figure 4d), suggesting that maternal fibre intake influences the epigenetic 

changes of the Nppa gene in the offspring's heart. Together, these data reveal maternal high-

fibre intake leads to foetal epigenetic reprogramming, likely through maternal to foetal transfer 

of gut microbial-derived metabolites that impact at least one crucial gene for cardiac function, 

Nppa. 

 

Discussion 

Our study provides an important conceptual advancement in the developmental origins of 

CVD. We found that maternal fibre intake during pregnancy protected offspring against the 

development of an adverse cardiac phenotype associated with hypertension (using chronic Ang 

II-infusion), including cardiac hypertrophy, haemodynamic function and collagen deposition. 

Moreover, maternal fibre intake induced marked changes in the offspring's gut microbial 

ecology and intestine irrespective of Ang II treatment, suggesting an intergenerational founding 

effect of the gut microbiota. These changes were also accompanied by a distinct cardiac cellular 

and transcriptomic phenotype in the offspring, even in the absence of Ang II, and epigenetic 

reprogramming of the atrial natriuretic peptide Nppa.  

A longitudinal study of 25 human mother-infant pairs showed substantial early seeding 

of the infant gut microbial communities from strains present in the maternal gut.25 Our study 

supports that the acquisition and development of the infant microbiome is seeded early in life, 

is dependent on the maternal diet during pregnancy, and persists into later life.  Our findings 

advance this concept by demonstrating maternal fibre intake profoundly impacted offspring 
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gut microbial taxonomy and function, supporting the notion that early life dietary exposure 

shapes later life microbial ecology. Thus, a shift in microbial composition, facilitated through 

diet, is vertically transmitted to offspring and leads to long-lasting colonisation that may drive 

health and disease states.  

Dietary constituents, including protein and fat, alter and shape the offspring's 

microbiome.30-33 Our findings add prenatal and neonatal exposure to fibre as an essential 

dietary component that shapes the gut microbiome. This finding is impactful, as there is a rise 

in diets low in dietary fibre.2 Increasing evidence supports that the maternal microbial 

environment is an important determinant of autoimmune disorders, neurodevelopmental 

disorders and metabolic syndrome.18,19,34 We demonstrated that low-fibre offspring had a 

distinct microbiome with altered metabolic function and gastrointestinal homeostasis, 

including reduced number of mucus-producing goblet cells. Low-fibre offspring had more 

abundant Akkermansia muciniphila and upregulated several genes encoding for enzymes 

necessary for the degradation of host mucins. This data is also consistent with previous studies 

demonstrating that Akkermansia muciniphila is not strictly fibrolytic and can utilise host 

glycans and mucins without dietary fibre.35 This switch in the metabolic program has been 

observed in humanised mice with selective bacteria and those directly fed a low-fibre diet.35,36 

However, in our model, Akkermansia muciniphila seeded from low-fibre mothers, presumably 

at birth, were metabolically imprinted with genes necessary to survive in a low-fibre 

environment. Even in the presence of a normal chow-diet (and, thus, normal fibre levels), these 

microbes persisted with their low-fibre metabolic program and likely contributed to the 

observed reduction in mucus-producing goblet cells. It is unclear why microbiota seeded from 

low-fibre mothers persist with this augmented metabolic program as previous studies have 

shown that the gut microbiome is rapidly modulated by diet.37,38 However, this sheds light on 

a potential mechanism in which maternal low-fibre influences offspring susceptibility to later 
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life disease by augmenting metabolic changes in acquired microbes. Nevertheless, excessive 

mucus degradation by commensal microbes weakens the gut barrier and exacerbates intestinal 

inflammation.39 In severe gut inflammation, the presence of Akkermansia muciniphila resulted 

in worsened inflammation and disturbed mucus homeostasis.40 Expansion of Akkermansia 

muciniphila also impacts the microbial ecosystem, particularly in low fibre settings, 

substantially reducing fibrolytic and SCFA-producing bacteria.36 Together, our data support 

lack of fibre in the maternal diet promotes the seeding and expansion of a metabolically altered 

Akkermansia muciniphila, fostering a gut microbiota ecosystem that supports an inflammatory 

environment, degradation of intestinal mucin and increased intestinal fibrosis.  

Interrogation of the single-cell transcriptome revealed remarkable differences in the 

gene expression of low- and high fibre offspring. These fundamental differences in the naïve 

heart undoubtedly influence cardiovascular outcomes. In the absence of fibre, offspring had a 

baseline transcriptomic profile that, under secondary stress such as Ang II, may exacerbate 

cardiac phenotype and hypertrophy, notably increasing collagen deposition in cardiac 

fibroblasts. Indeed, this was observed when we challenged offspring with an Ang II insult, 

supporting the worse hemodynamic function observed. Together, these data strongly implicate 

maternal dietary fibre during pregnancy as a driver of cardiac outcome in the offspring. Low-

fibre intake is implicated in the development of obesity, lupus and cardiovascular disease in 

the first generation.22,41 Our current findings importantly demonstrate the development of these 

may indeed originate from lack of prenatal fibre intake and the constraint of maternal-derived 

metabolites, such as SCFA, to the developing foetus. Maternal high-fibre functionally shaped 

the cardiac cellulome and promoted a cardio-protective phenotype in offspring. Thus, pre-and 

postnatal exposure to fibre and maternal gut-derived metabolites may be novel therapeutic 

interventions to improve cardiac health and prevent CVD.  
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We showed maternal fibre intake during pregnancy influenced offspring response to 

cardiovascular stress. Previous studies demonstrate the protective effects of fibre are mediated 

predominately through microbial-derived metabolites such as SCFAs.18,22 The precise 

mechanisms by which maternal gut microbiota-derived metabolites influence foetal 

development are yet to be elucidated. However, the current dogma suggests these maternal gut 

microbial-derived metabolites traverse the placental circulation and trigger several signalling 

cascades through G-protein coupled receptors and inhibition of histone deacetylases, thus 

altering gene expression.19 Our data demonstrate microbiota seeded from mothers receiving a 

high fibre diet results in microbial communities adapted to producing higher levels of 

propionate and butyrate in the offspring. Thus, disturbances in fibre intake during pregnancy 

may perturb offspring’s SCFA-producing capability in later life. Given the increasingly poor 

global consumption of dietary fibre and maternal constraint of beneficial fibre-derived 

metabolites, the physiological consequences may be far-reaching. 

 SCFA are described as being inhibitors of histone deacetylases.42,43 Recent studies 

show the therapeutic benefit of pharmacological HDAC inhibition regulating the acetylation 

index in preclinical cardiomyopathy.44 Given previously published data implicated HDAC9, 

we investigated whether the cardioprotection following maternal fibre intake was mediated 

through inhibition of HDAC9 and subsequent transcriptional regulation of genes. HDAC9 

knockout offspring were protected from Ang II-induced cardiac hypertrophy. In addition, no 

differences in HDAC9 protein levels were observed in the cardiac tissue of offspring, 

suggesting the cardiac phenotype imprinted by maternal fibre is through a HDAC9-

independent mechanism. To this end, we investigated the chromatin acetylation profile of 

offspring cardiac tissue, focusing on a gene highly relevant to cardiac function: Nppa. Maternal 

fibre intake during pregnancy leads to a decrease in histone H3 acetylation at both genome-

wide and the cis-regulatory region of Nppa. These changes were accompanied by a reduction 
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in the expression of the Nppa gene in the presence of maternal fibre, suggesting maternal fibre 

intake influences the epigenetic changes of the Nppa gene in the offspring's heart. However, 

the precise maternal-derived epigenetic mediator responsible for these changes is yet to be 

elucidated.  

In conclusion, gut microbes, particularly Akkermansia muciniphila and maternal-

derived epigenetic mediators, lead to cardiac and gastrointestinal phenotypic changes in the 

offspring in response to maternal fibre intake. Maternal low-fibre diet had a profound effect on 

gut microbiota's metabolic function, which persisted in offspring into adulthood. Maternal fibre 

intake significantly altered the molecular, cellular and functional cardiac outcome of offspring.  

Thus, during pregnancy, maternal fibre intake, particularly prebiotic fibre, promotes a 

protective cardiac cellular and molecular environment advantageous for the offspring's future 

cardiovascular health. With the continued growing global burden of cardiovascular disease, 

maternal fibre intake may represent an inexpensive and readily available preventative 

opportunity. 

 

Methods 

Please see the Online Supplementary file.  
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Figure legends 

Figure 1. Maternal fibre intake protects against CVD. a) Schematic showing the 

experimental design. Following confirmation of a vaginal plugs, C57BL/6 dams were placed 

on a high-fibre or low-fibre diet for the duration of pregnancy and lactation. Once the 

offspring reached 3-weeks of age (standard weaning age), all offspring were placed on a 

standard chow diet for the duration of the experimental protocol. At 6-weeks of age, offspring 

were randomised to either sham (0.9% saline) or Ang II (0.25 mg/kg/d) treatment groups. b) 

Heart to body weight ratio of male offspring in mg/g, n=14-23/group; echocardiographic 

measurements showing c) left ventricular posterior wall (LVPW) thickness in diastole (mm), 

d) LVPW thickness in systole (mm) and e) ejection fraction as a percentage. f) Quantification 

of Masson's trichome staining (collagen) as a percentage of total ventricular area and g) 

representative micrographs with the magnified comparison of high-fibre and low-fibre Ang II 

treated heart tissue. Scale bars are 1mm and 200µm respectively. Relative gene expression of 

h) Collagen 1 a1 (Col1a1), i) Collagen 3 a1 (Col3a1), j) transforming growth factor-beta 

(Tgfb), k) connective tissue growth factor (Ctgf), and l) natriuretic peptide b (Nppb) mRNA. 

All data is shown as mean±SEM. Panels C to J: n=5-8/treatment group, 2-way ANOVA with 

false discovery rate adjustment for multiple comparisons. P-values are adjusted for false 

discovery rate.  

 

Figure 2. Maternal fibre intake alters microbial composition in dams and their 

offspring. a) Principal coordinate analysis showing β-diversity (weighted unifrac) in high-

fibre (red) and low (blue)-fibre fed dams, n=7-11/diet, b) Principal coordinate analysis 

(PCoA) showing β-diversity (weighted unifrac) offspring from high-fibre(red) and low-

fibre(blue) fed dams, n=6-15/group. c) Relative abundance of Akkermansia in high-fibre and 
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low-fibre offspring, adjusted for multiple comparisons. d) Linear discriminant analysis effect 

size showing abundant features in the caecum of high-fibre and low-fibre offspring. 

Metagenomic analysis showing e) PCoA showing gene family abundance grouped by 

enzyme commission number in offspring from high-fibre and low-fibre dams, f) volcano plot 

showing differentially abundant gene families in high- and low-fibre offspring (n=3/diet). 

Short-chain fatty acid (SCFA) quantification in plasma and caecal samples from offspring: g) 

plasma butyrate, h) plasma propionate, and i) caecal propionate. Quantification of 

histological staining showing j) Goblet cell count in small intestines, k) mean fibrotic width 

in small intestine, and l) mean fibrotic width in the cecum. m) representative micrographs of 

high-fibre and low-fibre Ang II treated small intestine tissue. Scale bar 200µm. All data is 

shown as ±SEM. 2-way ANOVA with FDR adjustment for multiple comparisons. P-values 

are adjusted for false discovery rate. 

 

Figure 3. Maternal fibre intake influences the offspring’s cardiac transcriptome and 

cellulome. a) Lollipop plot showing the number of up- (green) and down- (red) regulated 

genes between high-fibre and low-fibre maternal diet (see Supplementary Table 6). Sankey 

plot summarising  top 3 b) down-regulated and c) up-regulated  Gene Ontology biological 

processes in high-fibre offspring. d) Dot plot showing top 10 up-regulated genes in each cell 

type in high-fibre offspring (n=8/diet, 4 male and 4 female). For data analysis please see 

methods. e) Flow cytometry gating strategy. F) Flow cytometric assessment of heart tissue of 

male offspring f) lymphoid cells, g) monocytes, and F) B cells normalised to heart weight and 

expressed as cells/mg heart weight (n=7-8/group). All data is shown as ±SEM. 2-way 

ANOVA with FDR adjustment for multiple comparisons. P-values are adjusted for false 

discovery rate. 
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Figure 4.  Maternal fibre intake promotes cardioprotective-acetylation acetylation 

changes. a) Quantification of histone H3 lysine 9 and 14acetylation 

(H3K9acH3K9/14ac14acH3K9ac) in cardiac tissue from male offspring. b) Relative mRNA 

gene expression of Nppa. c) Relative enrichment of H3K9acH3K9/14ac at the promoter 

H3K9ac region of Nppa gene in cardiac tissue samples from high-fibre and low-fibre Ang II-

treated male offspring. d) Representation of natriuretic peptide A (Nppa) gene promoter 

region. The solid box the region targeted for ChIP assay. All data is shown as ±SEM. n=7-

8/group, Mann-Whitney test.  
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