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a multi-omics dataset of 
the response to early plant 
polysaccharide ingestion in rabbits
Charlotte Paës  1,2,3 ✉, Martin Beaumont1, Thierry Gidenne1, Karine Bébin2, Joël Duperray4, 
Charly Gohier5, Emeline Guené-Grand6, Gwénaël Rebours7, Adrien Castinel8, Céline Barilly1, 
Béatrice Gabinaud1, Carole Bannelier1, Laure Gress1, François Laperruque1, Patrick Aymard1, 
Anne-Marie Debrusse1, Laurent Cauquil1, Géraldine Pascal1 & Sylvie Combes  1 ✉

The transition from a milk-based diet to exclusive solid feeding deeply modifies microbiota-host 
crosstalk. Specifically, early ingestion of plant polysaccharides would be one of the main nutritional 
components to drive host-microbiota-interaction. To capture the effects of polysaccharides early-life 
nutrition (starch vs rapidly fermentable fiber) on the holobiont development, we investigated on the 
one hand the gut bacteriome and metabolome and on the other hand the transcriptome of two host gut 
tissues. Rabbit model was used to study post-natal co-development of the gut microbiota and its host 
around weaning transition. The assessment of the microbial composition of the gut appendix together 
with the caecum was provided for the first time. Gene expression signatures were analyzed along the 
gut (ileum and caecum) through high-throughput qPCR. The data collected were completed by the 
analysis of animal growth changes and time-series assessment of blood biomarkers. Those accessible 
and reusable data could help highlight the gut development dynamics as well as biological adaptation 
processes at the onset of solid feeding.

Background & Summary
The digestive microbiota of mammals represents an ecological community of microorganisms that resides in 
the gastrointestinal tract and acts as a symbiotic partner through a dynamic crosstalk with the host, affecting its 
digestive and immune functions1–3. While the holobiont is still in construction, the introduction of solid food in 
the diet reshapes the gut microbiome through the provision of new nutritional substrates resistant to host diges-
tion4–6. The influx of such new nutrients directly modulates the host physiology as well7. If this diet transition 
is recognized as a major step in the young’s development, the mechanistic understanding of the changes occur-
ring in the gut and the long-term consequences of pre-weaning experiences remain unknown. A multi-level 
approach, from the molecular to the animal levels, with a dynamic follow-up appears necessary to capture the 
process occurring at the suckling-weaning transition.

In this study, three conditions at the onset of solid food ingestion were tested to investigate the effects of 1/ 
the timing of solid food introduction and 2/ dietary polysaccharides content on the co-maturation of rabbits and 
their microbiota. In classical breeding systems, solid food is reachable for suckling rabbits as of 16–18 days of 
age8. Following the feeding behaviour of wild rabbits in the nest, we investigated the effects of an earlier access 
to solid substrates, available from 3 days of age. Two polysaccharide contents differing by their levels of rapidly 
fermentable fibers and starch were tested to assess the effects of these two major components of solid-based diets 
on the gut bacteriome. Rabbit model was used since it is a monogastric species that strongly relies on gut home-
ostasis for its health and has been successfully used for modeling infections with enteric pathogens9,10. Besides, 
rabbits present a specific behaviour pattern allowing mother-offspring separation most of the time. Easy control 
of early-life ingestion (milk and food) can therefore be performed to investigate post-natal food ingestion apart 
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from nursing influence. Last but not least, a better understanding of the multidimensional aspects of gut health 
in rabbits appears essential to improve rabbit breeding practices.

In this data descriptor, we present time-series data collected at the weaning transition (Fig. 1). Information 
regarding the growth of rabbits and their feeding behavior were included. At an individual-based level, we 

Fig. 1 Experimental design (a) and data collection (b). This study aimed to provide insights into host and 
gut microbiota responses to changes in the timing of solid food introduction (groups STA-/STA+) when two 
different diets were provided throughout the life (diets STA and RFF). STA-: access to starch-enriched food in 
a pellet form from 15 to 70 days-old. STA+: access to starch-enriched food from 3 to 18 days-old in a gel form 
and from 15 to 70 days-old in a pellet form. RFF+: access to food rich in rapidly fermentable fibers from 3 to 18 
days-old in a gel form and from 15 to 70 days-old in a pellet form.

https://doi.org/10.1038/s41597-024-03471-1
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provide information relative to gut communities (16S ADNr) and their activities (luminal metabolome) together 
with rabbit gene expression (high-throughput qPCR) to uncover some aspects of host/microbiota co-maturation 
that cannot be fully understood with a unique data-type. We report data on 150 rabbits sampled from 30 litters, 
giving access to information regarding the proportions of 1 197 taxa in the appendix (lymphoid organ) and 
caecal microbiota, the levels of 29 luminal metabolites and the expression of 48 transcripts of two rabbit gut tis-
sues. Quantification of caecal IgA, plasma IgG and serum redox parameters complement those data. We aimed 
to generate a comprehensive and combined multi-omics dataset with samplings distributed at 5 different dates, 
corresponding to the critical phases of food transition11. We intended to follow FAIR principles by providing 
machine-readable and detailed metadata. Data collection, analysis strategies and corresponding repositories are 
detailed in this data descriptor to enable a human-friendly data mining.

A part of these datasets were previously disclosed in our associated results paper12, with this work intended 
to provide further methods descriptions and validation to facilitate re-use. New data are presented compared to 
our previous publication, e.g., biochemical measurements of blood content, technical replicates for 16S rDNA 
sequencing, control strains characterization, rabbit nest quality evaluation and ileal gene expression.

In our companion paper12, we demonstrated that the ingestion of small quantity of solid food in early life 
while maintaining milking could effectively accelerate gut microbiota maturation, with spatial-specific effects in 
the gut. Increasing the ingestion of rapidly fermentable fibers contributed to a specialization of the microbiota 
towards fibers-degradation activities. Effects of those strategies on the gut transcriptome and the host pheno-
type were limited in a context of good sanitation facilities. In our results paper, data analysis was restricted to 
single-omics approach.

Time-monitoring of gut bacterial communities with associated host responses can allow researchers to 
extract a better picture of early-life developmental process. This comprehensive and reusable collection of data 
can be further explored by integrating the different types of datasets provided (multi-omics approaches). This 
could help revel some interplay mechanisms. To our knowledge, some data were generated for the first time 
with this experiment, thus providing new information to scientific community (e.g. investigation of caecal and 
appendix microbiomes in the same individuals or evaluation of plasmatic fatty acids and protein contents in 
rabbits at different stages). Controls for technical and biological reproductibility of the data were generated, thus 
leading to valuable data resources for microbiologists and physiologists. We provided herein the description 
of the methods used together with raw and processed data to ensure easy sharing and re-processing thanks to 
analysis script provided on the Github platform.

Methods
Rabbits breeding and feeding, sampling conditions, biological acquisition and bioinformatics pipelines (including 
amplicon sequencing and sequence-based microbiota analysis) were previously disclosed in our associated results 
paper12. Detailed procedures or additional information such as complete lab steps for performing NMR measure-
ments and RNA extraction are provided here to ensure that our datasets are understandable and reusable.

Animal management and housing. The animal husbandry procedure is described in our previous arti-
cle12. In this data descriptor, the cages used for the experiment are described in more detail, as the housing system 
was specifically designed for this study. Additional data collection on nest quality is also presented.

Forty-eight crossbred litters (Hyplus PS19 × Hyplus PS59) were raised with their doe in wire cages (width: 
62 × length: 69 × height: 62 cm) equipped with nests for the pups (width: 25 cm; length: 38 cm; height: 20 cm). 
Starter food gels were produced daily and were provided to suckling rabbits directly in the nest inside plastic 
cups (30 mL; height: 32 mm; diameter: 40 mm; GOSSELIN®, Le Mans, France). Cages were designed to allow the 
mother and its litter to be fed separately (Fig. 2). In that respect, a wire mesh partition separated the doe from 
the area containing the kits’ feeders. The doe’s feeder in the cage was elevated so that the kits could not access 
to the doe’s feed. The day following parturition, the thermal quality of the nests was evaluated using a thermal 
infrared camera (Fluke Ti450, Everett, Wash, USA). After nest quality assessment, litter size was standardized 

Fig. 2 3D model of the experimental housing system used before weaning. View from the top of a nursing 
cage where the doe and its kits are raised together for 35 days. Blue arrows represent possible movements of the 
kits while red arrow represents possible path for the doe. Until day 21, the nest was only opened once a day for 
suckling (dottled arrows).

https://doi.org/10.1038/s41597-024-03471-1
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to 10 kits. At 3 days, litters were allocated to the three experimental groups according to their body weight (kit 
weight: 99 ± 9 g) and the doe’s parity (5 ± 2 parturitions) (Fig. 1a).

Experimental design. Two diets were formulated for the experiment. They differed only in the ratio of rap-
idly fermentable fibers (RFF)/starch (STA) (0.6 for STA diet and 2.0 for RFF diet). Detailed diet formulations are 
provided in our companion paper, together with the procedure for feed distribution12.

in-farm measurements. We provide herein more detailed information on the collection of performance 
data (feed ingestion and animal weight). The ingestion of starter food gel was measured daily from 7 days (start 
of significant ingestion) by the difference in weight between gel offered and gel left. Individual gel ingestion was 
obtained after correction for gel water loss and final division by the number of kits in the nest. Water loss was 
estimated inside breeding rooms in empty nests (n=3 measurements/day for each gel type) and averaged to 
8% of the initial gel weight. The dry matter content of the starter feed gels was 26% and 89% in the pellets. Milk 
consumption was measured by weighing the rabbit doe before and after nursing on 3, 7, 10, 14, 17 and 21 days13. 
Pellet ingestion before weaning was assessed at 18, 21, 25, 28, 32 and 36 days of age. Mortality was registered 
daily and growth was assessed before weaning by weighing the litters at 3, 14, 21 and 28 days of age. After wean-
ing, individual rabbit weights were recorded at 36, 50, 64 and 71 days of age. Live body weights were recorded 
automatically using a scale (SWR08-10S Plateforme 310 × 275 Trolley, Balea, Saint Mathieu de Tréviers, France) 
connected to an automatic recording system (Teo or AGPA, Balea, Saint Mathieu de Tréviers, France) with a 
Bluetooth connection14,15.

Killings and sampling. Ten healthy pups per group (one pup per litter) were selected the days of sampling 
(n=150 pups euthanized in total). Description of the criteria and procedure for euthanasia are detailed below to 
supplement the methods provided before12.

The sampling dates were chosen based on the feed transition process11:

•	 18 days of age (solid food consumption remains minor)
•	 25 days (dietary switch with marked increase of solid food ingestion proportion compared to milk)
•	 30 days (solid-based diet with low amounts of milk consumed)
•	 38 days (beginning of exclusive solid diet related with high susceptibility to digestive diseases)
•	 58 days (settled exclusive solid feeding with more stable sanitary status)

At days 18, pups that exhibited interest for gel food were preferably selected while at days 25, 30, 38 and 
58, the pups were randomly chosen. Before weaning, the killing procedure was performed 1 to 2 hours after 
suckling, while after weaning the rabbits were sampled 2 to 3 hours after feed distribution to obtain similar 
postprandial state. After the determination of sex and body weight of the animals chosen, they were killed by 
electronarcosis and exsanguination.

Blood was collected at exsanguination in EDTA and dry tubes for plasma and serum preparation respec-
tively. EDTA tubes were immediately put on ice until centrifugation (800 g for 10 min at 4 °C). After collection of 
2.5 mL of blood, dry tubes were let undisturbed at room temperature for 20 minutes. The clot was then removed 
by centrifugation (1 800 g for 10 min in a regular centrifuge). Resulting supernatants were collected and stored 
at −20 °C. After isolation of the caecum and the appendix vermiformis, they were weighted (OHAUS scale, 
Parsippany, NJ, USA) and up to 500 mg of luminal contents were collected in sterile tubes stored at −80 °C until 
the extraction step. Between samples, protective gloves were replaced and the material was sterilized to prevent 
crossed contamination. 0.5 cm of tissues from proximal caecum and distal ileon were quickly extracted at 3 cm 
up and down the Sacculus Rototondus. After washing in ice-cold PBS, they were immediately snap-frozen in liq-
uid nitrogen and stored at −80 °C prior to further processing. 1 g of caecal content was collected and diluted in 
H2SO4 (at 2% w/v) to quantify ammoniac (NH3) concentrations at days 25, 30, 38 and 58 (insufficient quantities 
at day 18). Caecal pH was measured after previous samplings by introducing a glass electrode at the ileocecal 
junction (VWR Collection SP225, Radnor, Pennsylvanie, USA). Finally, around 2 g of caecal contents were col-
lected to determine dry matter level after heating at 103 °C for 24 h.

Metabolomics. Caecal contents (100 mg) were homogenized in 500 µL phosphate buffer (sodium phosphate 
0.2 M, pH 7.4, trimethylsilylpropanoic acid 1 mmol/L, 80% deuterated water, and 20% water) in 2 mL FastPrep 
tubes (Lysing D matrix) by using a FastPrep Instrument (MP biomedicals, Irvine, CA). After centrifugation (12 
000 g, 4 °C, 10 min), the supernatant was transferred to a new tube. The pellet was resuspended in 500 µL phos-
phate buffer and the homogenization and centrifugation steps were repeated. Supernatants from both extraction 
steps were pooled and centrifuged twice to remove particles (18 000 g, 30 min, 4 °C). The resulting supernatants 
(600 µL) were transferred to 5 mm NMR tubes. NMR spectra were obtained with an Avance III HD NMR spec-
trometer operating at 600.13 MHz for 1H resonance frequency using a 5 mm inverse detection CryoProbe (Bruker 
Biospin, Rheinstetten, Germany) in the MetaboHUB-MetaToul-AXIOM metabolomics platform (Toulouse, 
France). The 1H NMR spectra were acquired at 300 K using the Carr-Purcell-Meiboom-Gill (CPMG) spin-echo 
pulse sequence with presaturation. A total of 128 scans (16 dummy scans) were collected in 32 K data points using 
a spectral width of 20 ppm and an acquisition time of 1.36 s.

Pre-processing of the spectra (group delay correction, solvent suppression, apodization with a line broadening 
of 0.3 Hz, Fourier transform, zero order phase correction, shift referencing on TSP, baseline correction, setting of 
negative values to zero) was performed in the Galaxy tool Workflow4Metabolomics following guidelines16. After 
water region (4.5–5.1 ppm) exclusion, spectra (0.5–9 ppm) were bucketed (0.01 ppm bucket width) and normalized 
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by sample weight in Workflow4Metabolomics. Representative samples were characterized by 2D NMR experi-
ments (1H-1H COSY and 13C-1H HSQC). For metabolite identification, 1D and 2D NMR spectra of pure com-
pounds prepared in the same buffer and acquired with the same spectrometer were overlayed with samples spectra. 
For each metabolite identified (n = 29), one bucket non-overlapping with other metabolites was selected and its 
value (area under the curve of the 0.01 ppm segment, normalized to the sample weight) was used for quantification. 
The chemical shift of buckets selected for quantification of each metabolite is indicated in supplemental table S1.

Gene expression profiling. To improve the reproducibility of our work, we provide below new information 
on our RT-qPCR protocol.

Caecal (n = 149) and ileal (n = 149) tissues were homogenized in 800 μL TRI reagent (ZymoResearch) with 
one sterile stainless steel 5 mm diameter bead (Qiagen, Hilden, Germany) by using a TissueLyzer (Qiagen) with 
two 3 min cycles at 30 Hz. After centrifugation (12 000 g, 4 °C, 10 min), 300 μL of supernatant was used for RNA 
extraction by using Direct-zol kit (ZymoResearch) following the manufacturer instruction, including a DNAse 
I treatment with DNA digestion buffer. RNA concentration and quality (260:280 and 260:230 ratios) were ana-
lyzed with NanoDrop 8000 (Thermo Fisher Scientific). cDNA were prepared from 1 μg RNA, 1 μL Oligo(dT) 
(100 µM) and 1 μL dNTP Mix (10 mM each) (Promega, Madison, WISC, USA). After heating the mixture to 
65 °C for 5 min and quick chill on ice, the contents of the tube was mixed with 4 μL 5X First-Strand Buffer 
(Invitrogen, ThermoFisher Scientific), 2 μL 0.1 M DTT, 1 μLSuperscript II Reverse Transcriptase (ThermoFisher 
Scientific) and 1 μL RNasin®Ribonuclease Inhibitor (Promega). After incubation (42 °C for 60 min), the reac-
tion was inactivated by heating at 70 °C for 15 min. cDNA synthesis was checked with the house keeping gene 
GAPDH by using real-time quantitative PCR performed in QuantStudio 6 (Thermo Fisher Scientific, Waltham, 
MA, USA) with a reaction solution containing 2.5 μl of SybrGreen fluorescent DNA-binding dye (ThermoFisher 
Scientific), 0.2 μL of each primer at 10 µM, 0.9 μM of sterile water and 1 µL of DNA diluted at 1:10. We per-
formed 40 PCR amplification cycles with an annealing temperature of 60 °C. After this control, high throughput 
real-time qPCR was performed for each tissue using the Biomark microfluidics system using a 96.96 Dynamic 
Array™ IFC for gene expression (Fluidigm, San Francisco, CA, USA). 1.3 μL of cDNA (5 ng.μl−1) was added to 
the array and processed on the fluidics system according to the guidelines of the GENOTOUL platform. Briefly, 
an initial high temperature activation step of 10 minutes was performed into the PCR reaction with 35 amplifi-
cation cycles at 60 °C later on. The sequences of the primers used are presented in our companion paper. Genes 
with suitable melt curve aspect, good efficiency (>90% and < 110%) and linearity were kept for statistical anal-
ysis. GAPDH and TOP1 gene were selected as housekeeping genes for caecal and ileal tissue respectively, based 
on their stability over time and between groups, in order to calculate gene expression using the 2−ΔΔCt method.

Enzyme-linked immunosorbent assay (ELiSA) measurements. The ELISA laboratory procedure 
has been shortly described in our companion document12. Further details, such as the construction of the calibra-
tion curve, are given below for better reproducibility.

In order to extract the immunoglobulins A (IgA) from the caecal content, 200–500 mg of digesta was diluted 
at 50 mg/mL in cold TBS. After shaking the solution thoroughly, and centrifugation at 3000 g for 10 min at 4 °C, 
the supernatant was collected for measurement. Total plasma IgG or caecal content IgA levels were determined 
in duplicates by sandwich ELISA in 96-well plates coated with specific polyclonal goat anti-rabbit IgG or IgA 
antibody (Bethyl Laboratories, Montgomery, Texas, USA) with further plate reading at 450 nm after fixation of 
the reaction between HRP conjugated antibodies (Bethyl Laboratories) and TMB. IgG were quantified using a 
reference IgG serum (Bethyl Laboratories). Regarding IgA, 12 samples were pooled to build a reference sample 
for the standard curve construction. For both measurements, seven calibrator points and water blank were 
added in duplicate to the microwell plates along with the samples. While linear standard curves were sufficient 
to fit the seven calibrators used for IgG quantification in plasma, a 4-parametric logistic model (4-PL) was used 
to improve the fit of caecal IgA calibration curve (average R2 with the 7 calibrators points = 0.98).

Data set Database Accession

Thermal images used to assess nest quality at day 1 Data INRAE, “J1_1802_cagenumber.jpg” https://doi.org/10.15454/QSTXWF

Feeding pattern before weaning of all the rabbits raised during the 
experiment

Data INRAE, “Milk_consumption.csv”, “Gel_consumption.
csv”, “Pellet_consumption.csv”, “Gel_consumption.mp4” and 
“Gel_consumption_access.mp4”

https://doi.org/10.15454/QSTXWF

Growth data before and after weaning of all the rabbits raised 
during the experiment Data INRAE, “Rabbits_weight.xlsx” https://doi.org/10.15454/QSTXWF

Phenotypic characterization of the rabbits sampled Data INRAE, “Host_data.csv” https://doi.org/10.15454/QSTXWF

Transcript profiling Data INRAE, “RNA_caecum.csv” and “RNA_ileon.csv” https://doi.org/10.15454/QSTXWF

16S rDNA sequences NCBI SRA PRJNA615661

OTU table and taxonomic affiliations Data INRAE, “caecal_appendix_microbiome_rabbit_
newSILVAdatabase.rdata” and “OTU_abundances.xlsx” https://doi.org/10.15454/QSTXWF

Unstratified pathway abundance per sample (from PICRUST2) Data INRAE, “Path_abun_unstrat_transpo.csv” https://doi.org/10.15454/QSTXWF

Microbiota analysis Data INRAE, “Within_distance_wunifrac.csv” https://doi.org/10.15454/QSTXWF

Metabolites quantification Data INRAE, “Metabolites_caecum.csv” https://doi.org/10.15454/QSTXWF

Nest quality assessment using infrared camera DATA INRAE, Files from “J1_1802_101” to “J1_1802_329” https://doi.org/10.15454/QSTXWF

Table 1. Accessibility of the public data sets provided.
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Biochemical evaluation of blood nutritional and redox status. 26 µL of plasma per sample were col-
lected for the dosage of free fatty acids, triglycerides and total protein. After storage at −20 °C, the dosages were 
performed with Pentra 400 device (HORIBA Medical, Grabels, France) at the Anexplo Phenotypage GENOTOUL 
platform (Toulouse, France). One sample (ID: 334) was diluted at 1:30 to fit the absorbance linearity range.

Data analysis. One analytical workflow using R version 4.0.0 is shared publicly in the repository https://
github.com/paescharlotte/early_life_nutrition_rabbit17.

Data Records
A summary of all the data collected during this experiment and their repository access are given in Table 1 and 
Fig. 1b.

Raw 16S rRNA gene reads files (fastq format) were deposited in the National Center for Biotechnology 
Information Sequence Read Archive (NCBI accession PRJNA61566118, see Table 2). All other raw and processed 
data used for analysis are provided in Data INRAE repository19 [https://doi.org/10.15454/QSTXWF].

technical Validation
Amplicon generation and sequencing. The quality of the Miseq runs was checked internally using PhiX 
control as recommended by manufacturer. The quality of the stitching procedure was controlled using four bac-
terial samples (marine strains) that are run routinely in the sequencing facility in parallel to the current sam-
ples. Expected proportions of the latter strains were observed in the corresponding samples (Table 3). Further 
processing of the amplicon reads (pre-cleaning, chimera removal, filtering following quality-filtering strategies 
guidelines20) led to high-quality sequences for further statistical analysis.

Genus Relative abundance (%)

Enterobacterales Pseudoalteromonadaceae Pseudoalteromonas 46.39 ± 1.27

Bacillales Planococcaceae Bhargavaea 44.19 ± 0.96

Sphingomonadales Sphingomonadaceae Erythrobacter 4.87 ± 0.67

Sphingomonadales Sphingomonadaceae Porphyrobacter 4.47 ± 0.85

Table 3. Proportions of four standard bacterial strains within control samples. Those control samples aimed to 
validate the metagenomics assembly procedure across the three runs performed (n = 3 with one control sample 
per run, mean ± sd). The results obtained from 16S rRNA sequencing (Illumina MiSeq) after computational 
steps showed expected relative abundances.

Fig. 3 Assessment of microbiota variability due to the DNA extraction step. Bray Curtis dissimilarities were 
computed using 16S rDNA from caecal contents extracted several time with the same procedure and similar 
follow-up processing (sequencing and bioinformatics analysis). The numbers refer to the individuals sampled 
(rabbits of different litters aged from 18 to 58 days) and the letters a, b, c, d refer to the replicates.

https://doi.org/10.1038/s41597-024-03471-1
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Controls for technical reproducibility were performed by assessing the variability due to DNA extrac-
tion. Five samples were extracted three or four times in one plate, following similar protocol, and were then 
sequenced in one MiSeq Illumina Sequencing runs (Supplementary Table S2). Non-metric Multidimensional 
Scaling (nMDS) projections of Bray-Curtis dissimilarities confirmed limited effect of the extraction protocol on 
the microbiota structure (Fig. 3).

Rarefaction curves, constructed for each individual sample, generally approached saturation which indicated 
sufficient read depth (Fig. 4). Furthermore, rarefaction curves showed different asymptotes according to rabbit 
physiological development, which was expected given the limited amount of plant polysaccharides in the diets 
of young suckling rabbits.

Gene expression profiling. Regarding the high throughput real-time qPCR performed, blank and water 
controls present in each sample plate allowed us verifying the amplification process per gene. Seven samples were 
also replicated in each 96-well plate to assess plate-to-plate consistency for caecal and ileal tissue. Based on the Ct 
values of those samples, we respectively obtained inter-assay coefficients of variation (CV) of 3.0% and 4.0% in 
the caecum and ileon. The CV of each replicates are specified in Supplemental Fig. 1 for GAPDH housekeeping 
gene and the two genes whose expression was significantly modulated by one of the experimental treatments12.

Blood nutritionnal status. Biochemical measurements of blood content were performed on two batches 
with a repeated control of known concentration (human serum) and a repeated pool of samples (two repeti-
tions per batch). The control measurements fell within appropriate confidence limits and the CV values for the 
pool repetitions were between 2 and 4% thus ensuring comparable results between batches for the three analytes 
measured.

Code availability
The workflow for data analysis using R version 4.0.0 is proposed at this address: https://github.com/paescharlotte/
early_life_nutrition_rabbit/17.

Received: 20 September 2023; Accepted: 4 June 2024;
Published: xx xx xxxx

Fig. 4 Rarefaction curves for caecal and appendix sites of each individuals (n = 30 individuals per sampling 
time with two gut sections investigated, i.e. 60 samples on average per age).
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