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a b s t r a c t 

Limiting the level of piglet losses before weaning is a grow- 

ing demand from producers and society to improve the wel- 

fare and health of sows and piglets. In particular, perinatal 

mortality, which can be defined as the complete develop- 

ment allowing survival at birth, is mostly due to reduced 

piglet maturity that occurs at the end of gestation. Fetal 

growth and maturation depend on a fine balance between 

the nutrient requirements for optimal fetal growth and the 

maternal nutrient requirements. This balance occurs at the 

feto-maternal interface, defined as the interaction between 

the mother (uterus/endometrium) and the fetus (placenta). 

Thus, the CO-LOCATION project (ANR20-CE20-0020-01) stud- 

ies the feto-maternal system in relation to fetal maturation 

and piglet survival at birth. To this end, we documented 

the transcriptome of endometrial and placental tissues in 

late gestation from pure and reciprocal crossbred fetuses us- 

ing two breeds with extreme fetal maturity: Large White 

and Meishan, showing substantial and low neonatal mortal- 

ity, respectively. 224 endometrial and 224 placental samples 

were selected from the PORCINET tissue collection (ANR-09- 

GENM-005) together with sow breed, day of gestation, sex, 

fetal genotypes and maturity. RNA was processed for RNA- 
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seq analysis using NovaSeq60 0 0. with an average of 107 and 

105 million reads per endometrial and placental sample, re- 

spectively. Sequences were processed using the Nextflow nf- 

core/rnaseq pipeline for transcript and gene quantification. 

The average mapping rate was 91 % and 86 % for endome- 

trial and placental samples, respectively. Then, the TAGADA 

pipeline was used to reconstruct RNA-seq de novo, predict 

lncRNA and quantify them. The data generated from this 

analysis provides a complete transcriptional profile of the 

feto-maternal interface during late gestation. These data sets 

are the starting point for further analyses, including differ- 

ential expression analysis, enrichment analysis and investiga- 

tion of the feto-maternal dialog. 

© 2024 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC license 

( http://creativecommons.org/licenses/by-nc/4.0/ ) 
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pecifications Table 

Subject Biological sciences. 

Specific subject area Omics: RNA-seq analysis of the pig feto-maternal interface in late gestation (90 

and 110 days of gestation, birth at 116 days of gestation). 

Data format Raw (fastq), Processed (csv format) 

Type of data Tables (csv format), Figures 

Data collection The RNA-seq data were obtained from 224 samples of porcine endometrial 

tissues and 224 samples of porcine placental tissues, which are adjacent 

tissues. 

RNA from the samples was extracted, quality controlled and sequenced 

individually using the Illumina NovaSeq60 0 0 platform with a paired-end read 

length of 2 × 150 bp. 

The data were preprocessed by Nextflow nf-core/rnaseq pipeline and TAGADA 

Nextflow pipeline for transcriptome quantification and lncRNA prediction, 

respectively 

Data source location Institution: INRAE 

Laboratory: Genotoul genomics facility GeT-PlaGe ( http://get.genotoul.fr/en/ ) 

and GenPhySE 

Town: Toulouse 

Country: FRANCE 

Data accessibility Data can be accessed from 

Repository name: FAANG 

Data identification number: PRJEB75252 

Direct URL to data: https://data.faang.org/dataset?searchTerm= 

PRJEB75252&sortTerm=accession&sortDirection=desc 

Related research article 

. Value of the Data 

• These raw RNA-seq data sets provide a unique picture that simultaneously interrogates the

two adjacent tissues (placenta and endometrium). These tissues are the players of the feto-

maternal interface during late gestation. 

• The quality control for mRNA and sequencing has already been performed and validated. 

• The data sets may provide detailed information on the overall genes expressed in the two tis-

sues and the differentially expressed genes (DEGs) between breeds and during late gestation

in pigs. 

• These data may be used in integrative analyses to characterize the feto-maternal dialogue. 

http://creativecommons.org/licenses/by-nc/4.0/
http://get.genotoul.fr/en/
https://data.faang.org/dataset?searchTerm=PRJEB75252&sortTerm=accession&sortDirection=desc
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• By applying different workflows, the raw RNA-seq data and bioinformatics processes provided

here can be used for further analyses to investigate the role of coding and non-coding genes

in the regulation of maternal-fetal compromise mechanisms. 

2. Background 

The reduction of the piglet losses before weaning is a key issue. Indeed, in commercial pig

herds, mortality from birth to weaning ranges from 10 % to 20 % [ 1 ] and is not compatible

with an efficient and sustainable production. Perinatal mortality is mostly due to reduced piglet

maturity, defined as the complete development allowing survival at birth [ 2 , 3 ]. The maturation

process varies with the fetal genome and the uterine environment [ 4 ] and depends on the dialog

between two tissues, the placenta (fetal genome) and the endometrium (maternal genome), to

regulate nutrient resource allocation [ 5 ]. 

To study the complex mechanisms within and between the tissues (endometrium and pla-

centa) during the fetal maturation process, we performed RNA-seq on the samples collected in a

previous project (PORCINET project, ANR-09-GENM-005) that included pure and reciprocal fetal

genotypes. 

These data will allow us to gain new biological insights into the feto-maternal interface at

the end of gestation, a period corresponding to fetal growth and maturation. 

3. Data Description 

This study is the first to describe the transcriptome of the two tissues at the feto-maternal

interface from four fetal genotypes. These fetuses were generated using two extreme mater-

nal breeds for fetal maturity and piglet survival: Large White (LW: high neonatal mortality)

and Meishan (MS: low neonatal mortality) inseminated with mixed semen from both breeds

(LW + MS boars). 

The data presented in this article include RNA-seq reads from 224 samples for each of the

two tissues, the placenta of fetuses and the adjacent endometrium of sows. Fetuses were col-

lected at two days of gestation (D90-D110, term at 114 days). The feto-maternal interface of each

fetus was carefully dissected to separate the two adjacent tissues and stored at −80 °C. Fetuses

were selected according to their fetal and maternal genotypes (see Experimental Design Mate-

rial and Methods section), sex and fetal maturation status (seven replicates per condition). Total

RNA from the samples was randomly extracted and quality controlled: the mean RNA Integrative

Number (RIN), which determines quality, was found to be equal to 7.9 and 6.6 for endometrial

and placental samples, respectively. In this study, the placenta had a lower RIN quality than the

endometrium. Fig. 1 shows the range of RNA quality by tissue and genotype. MM placentas were

also found to have lower RNA quality than other genotypes. Nevertheless 97 % and 75 % of the

endometrial and placental samples, respectively, had a RIN ≥ 6. Given the number of condi-

tions to be studied, all the RNA samples were sequenced to ensure high statistical power. RNA

samples were distributed on five lanes (50 samples per lane) and sequenced using the Illumina

NovaSeq60 0 0 platform with a paired-end read length of 2 × 150 bp. 

Sequencing generated an average of 107 and 105 million of reads per endometrium and pla-

centa FASTQ file, respectively. Bioinformatic pre-processing was performed using the Nextflow

nf-core/rnaseq pipeline [ 6–8 ] to ensure sequence quality and robust transcriptome assembly and

quantification. Fig. 2 A–D shows that all FASTQ sequencing files have an average Phred score per

sequence > 30, indicating high sequence quality. After sequence alignment, the average mapping

rate was 91 % and 86 % for endometrium and placenta, respectively. Gene coverage plots ( Fig. 2

E–H) show high genome coverage in the genes and lower values at the 5′ than 3′ ends of genes,

with an average 5′ -3′ bias of 1.38 for endometrial samples and 1.40 for placental samples. These

plots showed that the 5’-3’ bias is similar across samples and ensured that the downstream

analyses are not to be going affected. 
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Fig. 1. RNA quality. The RNA quality distribution is displayed with respect to the condition (genotype), which itself 

depends on the tissue. For the endometrium (maternal tissue), the condition is the sow genotype (Large White (LW) 

or Meishan (MS)) and for the placenta, the condition is the fetal genotype: (purebred LWxLW (LL), crossbred from LW 

mother (ML), crossbred from MS mother (LM), purebred MSxMS (MM)). 

Fig. 2. Bio-informatic quality control. Evaluation of the quality of the sequences, (A), (B): Mean sequence Phred Score 

for the two batches from the endometrial samples; (C), (D): Mean sequence Phred Score for the two batches from the 

placental samples. Evaluation of the sequencing alignment, (E), (F): Mean gene coverage profile for each endometrial 

sample with the count value for the two batches; (G), (H): Mean gene coverage profile for each placental sample for the 

two batches. Each sample is represented by a different color. 
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Fig. 3. Principal component analysis. Principal component analysis (PCA) sample plot illustrating the sample variability 

of in the two datasets. The PCAs were performed on filtrated, RIN adjusted (for endometrium) and transformed data. 

Sample projection colored by: (A) maternal breed (LW, MS) and day of gestation in the endometrium (D90, D110). (B) 

RIN in the endometrium. (C) fetal genotype (LL, ML, LM, MM) and day of gestation in the placenta. The ellipses were 

added to group the samples (ellipse level = 0.75, i.e. 75 % of the samples were included in the ellipse). On the plot, the 

RIN of the sample on the periphery or outside the ellipses was reported. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Raw sequence FASTQ files were deposited in the European Nucleotide Archive (ENA) at EMBL-

EBI via the FAANG data portal ( https://www.faang.org/ ). 

Supplementary File 1 provides sample information, RNA quality, FASTQ accession numbers,

and sequencing information (read count, mapping rate and 5’-3’ bias). 

The endometrial and placental datasets were then analyzed using Principal Component Anal-

ysis (PCA) to detect potential outliers and assess RNA quality effect. The PCAs on data with-

out considering the transcript count threshold identified a RIN effect on the second axis of the

PCA (Supplementary file 2) for the endometrial dataset, which needs to be considered in down-

stream analyses. After transcript count threshold filtration, RIN adjustment (for endometrium us-

ing ComBat-seq function of the R package sva) and transformation of the data, PCA plots ( Fig. 3 A

and C) showed the variability of gene expression according to the main conditions of the exper-

imental design, i.e. maternal and fetal genotypes, respectively, and the two days of gestation.

Although some outliers were identified for the endometrial tissue ( Fig. 3 A), they were not as-

sociated with the lowest RIN values. In addition, two PCA analyses based on sample group and

RIN ≥6 or RIN ≥7 were performed on endometrium and placenta datasets to further assess how

low RIN affects the quality of the analysis. The PCA plots are provided in Supplementary file 3

and showed no improvement in clustering by conditions using samples with RIN ≥6 or RIN ≥7.

These analyses ( Fig. 3 and Supplementary file 3) demonstrate that RIN scores are not associated

with the conditions of interest in our study and validate the RNA-seq data by showing coherent

clustering of samples for each tissue ( Fig. 3 A and C). 

Finally, the RNA-seq data were used to identify novel predicted long non-coding RNA

(lncRNA) using the TAGADA Nextflow pipeline [ 9 ]. Fig. 4 compares the TAGADA de novo recon-

https://www.faang.org/
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Fig. 4. Comparison of the TAGADA de novo reconstruction results with the reference annotation (Sus_scrofa.Sscrofa11.1. 

104). TAGADA transcripts correspond to the number of transcripts predicted by TAGADA. TAGADA annotation correspond 

to the transcript biotypes predicted by TAGADA. 

s  

t  

a

 

a  

u  

f

4

4

 

a  

b  

f  

i  

w  

e  

s

 

c  

g  
truction with the Ensembl annotation (Sus_scrofa.Sscrofa11.1.104) and shows a good overlap be-

ween the TAGADA pipeline and the Ensembl lncRNAs but also the identification of many newly

nnotated lncRNAs. 

These data demonstrate the high quality of our sequencing and alignment. The bio-informatic

nalyses (transcriptome quantification, lncRNA prediction) show that our RNA-seq data may be

seful and of relevant to explore the complex mechanisms of feto-maternal dialog during the

etal maturation process via differential gene expression analyses. 

. Experimental Design, Materials and Methods 

.1. Experimental animals 

18 Meishan (MS) and 21 Large White (LW) sows were inseminated with mixed semen (LW

nd MS boars) at the GenESI experimental farm ( 10.15454/1.5572415481185847E12 ) using 3 MS

oars and 3 LW boars, so that each litter consisted of purebred (LW or MS) and crossbred (LM

rom MS sows and ML from LW sows) fetuses. The MS and LW breeds are two extreme breeds

n terms of fetal maturity and piglet mortality at birth. The LW breed is a highly selected breed

ith high mortality and reduced maturity at birth, whereas the MS breed produces piglets with

xtremely low mortality despite being lighter at birth. All fetuses were obtained by cesarean

ection and euthanized for tissue sampling. 

For each of 407 fetuses, a predetermined area of the two adjacent tissues (pla-

enta/endometrium) was dissected, dissociated with forceps, immediately frozen in liquid nitro-

en, and stored at −80 °C. Each endometrium sample was paired with its purebred or crossbred

https://doi.org/10.15454/1.5572415481185847E12
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fetus: LWxLW (LL) or MSxLW (ML) from Large White sows (LW) and MSxMS (MM) or LWxMS

(LM) from Meishan sows (MS). The detailed sampling protocol has been deposited in FAANG

( https://data.faang.org/api/fire_api/samples/INRAE_SOP_COLOcATION-tissues_20210817.pdf ). 

Finally, 224 fetuses were selected from 28 sows (seven sows per breed and for the two days

of gestation (D90/D110)), according to their fetal and maternal genotypes, sex and fetal matu-

ration status (seven replicates per condition). The corresponding tissue sampling is described in

the supplementary File 1. 

4.2. RNA extraction 

Samples were randomized for multiple effects: gestational day, fetal genotype, fetal sex and

fetal maturation status. The first level of randomization consisted of 5 series of 50 samples to

match the 5 sequencing lanes. A second level of randomization was applied for each sequencing

lane, i.e. 2 RNA extraction series of 24 samples each. This randomization was applied to both

tissues. 

Total RNA was isolated from each of the 448 samples. Briefly, tissue samples were dis-

rupted, homogenized, and ground to a fine powder. An aliquot of 80–100 mg of the fine

powder was then processed for total RNA isolation and purification using Trizol (Invitro-

gen, France) and Nucleospin RNA II kit (Macherey-Nagel, France) according to the manufac-

turer’s instructions. Quantification was performed using a Nanodrop and RNA quality was deter-

mined using a 5200 Fragment Analyzer at the Genotoul Genomics Facility GeT-PlaGe ( http://get.

genotoul.fr/en/ ). The detailed RNA protocol has been deposited in FAANG ( https://api.faang.org/

files/protocols/experiments/INRAE_SOP_COLOcATION_RNA_Extraction_20230425.pdf ). The sam- 

ples were extracted in batches of 24. RNA quality was determined by the RNA Integrative Num-

ber (RIN) of the 5200 Fragment Analyzer. Fig. 1 reports the RNA quality of the samples according

to the maternal breed (endometrium) and fetal genotype (placenta). 

4.3. cDNA library and Illumina sequencing 

Library preparation and sequencing experiments were performed at the Genotoul Ge-

nomics Facility GeT-PlaGe ( http://get.genotoul.fr/en/ ). RNA libraries were prepared accord-

ing to Illumina ̓s protocols on the Illumina TruSeq RNA Sample. mRNA was first iso-

lated using oligo(dT) beads. mRNA was fragmented and reverse transcribed. Adapter liga-

tion, size selection (150–200 bp) and library amplification were then performed. The de-

tailed library preparation, including quality control (Fragment Analyser profile (Agilent)), was

deposited in FAANG ( https://api.faang.org/files/protocols/experiments/INRAE_SOP_COLOcATION_

Library_Preparation_20230509.pdf ). Libraries were sequenced using the Illumina NovaSeq60 0 0

platform with a paired-end read length of 2 × 150 bp, on 9 different lanes, i.e. 50 samples per

lane randomly selected as shown in Supplementary File 1. The generated raw data were trimmed

and cleaned by removing low quality reads and the adapters. The samples with low quality or

low number of reads were resequenced in lane 10. 

4.4. Transcriptome assembly and RNA-seq quantification 

For each tissue, the 224 FASTQ files were grouped into 2 batches in order to run the Nextflow

nf-core/rnaseq pipeline 6:8] on an accurate number of samples and to optimize the resources

and memory allocated to each run. In each tissue, the batch contained two common samples to

verify that there was no difference in counts between the batches. Finally, a local configuration

file was loaded for each pipeline to optimize resources (option cleanup = true) and to retrieve

pipeline traces. 

https://data.faang.org/api/fire_api/samples/INRAE_SOP_COLOcATION-tissues_20210817.pdf
http://get.genotoul.fr/en/
https://api.faang.org/files/protocols/experiments/INRAE_SOP_COLOcATION_RNA_Extraction_20230425.pdf
http://get.genotoul.fr/en/
https://api.faang.org/files/protocols/experiments/INRAE_SOP_COLOcATION_Library_Preparation_20230509.pdf
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The Nextflow nf-core/rnaRNAseq pipeline, was launched with STAR mapping software and

SEM for transcript abundance calculation. 

The pipeline (version nfcore-Nextflow-v20.11.0-edge) was run on the four batches (one

atch per folder) using the Sus scrofa genome reference version 11.1 (Sus_scrofa.Sscrofa11.1.dna.

oplevel.fa) and the gene structure annotation version 11.1.104 (Sus_scrofa.Sscrofa11.1.104.gtf). The

ESeq2 step was skipped in the pipeline (-skip_deseq2_qc argument). 

Finally, the pipeline produced a gene count and a transcript count matrix per batch, which

re available for statistical analysis. 

.5. Bio-informatic quality control 

Quality control of sequencing reads and sequence alignments was performed using FastQC

nd QualiMap software, respectively (from Nextflow nf-core/rnaseq pipeline MultiQC tool). We

alidated that the Phred quality scores of sequencing reads and the sequence alignments are of

igh quality for downstream analysis ( Fig. 2 ). 

.6. RNA-seq tool versions 

• Bedtools, version 2.29.2 

• dupradar, version 1.18.0 

• FASTQC, version 0.11.9 

• nexflow, version 20.11.0 

• nf-core/rnaseq, version 3.0 

• picard, version 2.23.9 

• preseq, version 2.0.3 

• QualiMap, version 2.2.2-dev 

• rsem, version 1.3.1 

• rseqc, version 3.0.1 

• samtools, version 1.10 

• stringtie, version 2.1.4 

• subread, version 2.0.1 

• trimgalore, version 377 

• MultiQC, version 1.9 

.7. Multivariate exploratory analyses 

Transcript count data were RIN adjusted using ComBat-seq function of the R package sva).

he transcripts with fewer than five counts in 100 % of replicates for at least one of the con-

itions analysed were filtered out using Bioconductor ̓s HTSFilter package. Transcript count nor-

alization and transformation was carried out by applying the variance stabilizing transforma-

ion (VST) function from DeSeq2. Then, after scaling and centering, PCA was used, to detect

otential outliers ( Fig. 3 ) (FactoMineR package, version 2.4). 

To evaluate the RIN effect, transcript count data were log 2 transformed (log2(x + 1)) before

CA analysis (Supplementary File 2). 

.8. lncRNA prediction 

The lncRNA prediction was performed on the 448 RNA-seq samples using the TAGADA

extflow pipeline [ 9 ]. TAGADA pipeline includes a FEELnc step for lncRNA detection [ 10 ], which
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required the selection of a prediction method (shuffle or intergenic) before running the TAGADA

pipeline. The selection of the best FEELnc prediction method was based on the evaluation of the

quality of the prediction and of the quantification for the two methods. 

4.8.1. Choice of the prediction method 

Two lncRNA prediction methods (shuffle/intergenic) were evaluated using the FEELnc pipeline

(FlExible Extraction of Long non-coding RNAs) version FEELnc-v.0.1.1 [ 9 ] based on reconstructed

transcripts from RNA-seq data. GTF files of samples generated by the Nextflow nf-core/rnaseq

pipeline were merged with StringTie and passed to the first module of FEELnc. Three modules

were started in the FEELnc lncRNA prediction pipeline. 

To select the best prediction method, we evaluated the quality of the two methods (shuffle

or intergenic) by assessing at the receiver operating characteristic (ROC) curve and at the quality

of the lncRNA quantification. Supplementary File 4 Fig. 1 shows the evaluation of the quality of

prediction for the two methods (shuffle or intergenic) using the two graph ROC curves (TGROC).

In addition, Supplementary File 4 Table 1 compares the quality of the lncRNA quantification for

the intergenic and shuffle methods. The results showed fewer ambiguous transcripts with the

intergenic method, both for the endometrium and the placenta (Supplementary file 4 Fig. 1 ),

and more lncRNAs predicted for the two tissues with the shuffle method (supplementary File 4

Table 1). Therefore, the shuffle method was selected for lncRNA detection. 

4.8.2. RNA-seq de novo reconstruction and lncRNA quantification 

Finally, the TAGADA pipeline was launched for de novo RNA-seq reconstruction and for

lncRNA prediction and quantification. These steps were performed using the BAM files obtained

from the Nextflow nf-core/rnaseq pipeline as input data to save processing time and resources. 

Limitations 

In this study, we observed samples with low RNA quality on measurements of endometrial

gene expression levels. However, we were able to show that RNA degradation was not associ-

ated with the conditions of interest. Nevertheless, to avoid any effect of RNA degradation, we

recommend to explicitly correct the endometrial data for the effect of RIN using the ComBat-

seq function of the R package sva [ 11 ] by stratifying RIN measures (10 classes). In accordance

with the study of Romero et al. [ 12 ], we believe that this approach is the most appropriate to

recover biologically meaningful signals from samples with RNA of heterogeneous quality. 
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