














Figure 3: Duodenum transcriptomic response to feed intake. A. Gene expression heatmap of the
2225 genes differentially expressed by feed intake in LRFI (2222 genes), in HRFI (61 genes, including
58 genes also affected by feed intake in LRFI). B. Upset diagram showing the overlap between
differentially expressed gene lists, between LRFI and HRFI (green), and due to feed intake in LRFI
pigs (blue) or HRFI pigs (red). C, D & E. Gene Ontology - Biological Process (GO-BP) enrichment
analysis. GO-BP terms statistically enriched in the 1050 genes upregulated upon fasting in the LRFI
line (C), the 1172 genes upregulated in fed pigs from the LRFI line (D), and the 41 genes upregulated
in fed pigs from the HRFI line (E) are displayed as a tree using jaccard similarity between each pair of
GO-BP. GO-BP clustering is indicative, and cluster labels are the most frequent word in each GO-BO
cluster. F. Gene expression heatmap of the 185 genes differentially expressed both by line and by
feed intake in LRFI and/or HRFI pigs.
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Duodenal expression of nutrient transporter
The “transmembrane transporter activity” ontology term is overrepresented in genes with higher

expression in LRFI than in HRFI (figure 2C). The Solute Carrier (SLC) gene family encodes for
transmembrane transporters, including some nutrient transporters present in the intestinal
epithelium17,18. We therefore focused our analysis on the expression patterns of SLC genes in our
experimental setup. In the duodenum mucosa, 28 SLC genes are differentially expressed between the
LRFI and HRFI lines: 17 are more expressed in the LRFI line, such as the folate transporter SLC25A32,
11 are more expressed in the HRFI line such as the glucose and galactose transporter SLC2A10. 35
SLC genes are differentially expressed by short term feed intake in the duodenum of LRFI pigs: 18 are
more expressed during short term fasting, such as monosaccharides transporters SLC5A1 and SLC2A2
and the aspartate and glutamate transporter SLC25A13, 17 are more expressed after feed intake, such
as the glutamate transporter SLC17A8 (figure 4). No SLC gene was detected as differentially expressed
by feed intake in the duodenum of HRFI pig.

Figure 4: Gene expression heatmap of the 59 SLC genes that are differentially expressed either
between the LRFI and HRFI lines, or by feed intake in each line. Transporter names and known
substrates are noted on the right of the Heatmap. Three symbolic columns indicates if each
transporter is significantly differentially expressed (marked with “*”) or not (marked with “·”) between
the two lines (Line column), or by feed intake in the LRFI line (LRFI column), or by feed intake in the
HRFI line (HRFI column).
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Discussion
Here we demonstrated that the divergent selection on feed efficiency changed the duodenum

mucosal transcriptome in pigs, identifying 1106 genes differentially expressed between the LRFI and
HRFI lines. Genes overexpressed in LRFI were enriched in gene ontologies relevant to
glycosphingolipid metabolic process, transmembrane transport, and exopeptidase and metabopeptidase
activity. These functions do not directly mirror results from the transcriptome of muscle, liver and adipose
tissues5, or in blood, muscle and liver metabolism6. Therefore, it is likely that genetic differences due to
selection have led to differences in gene expression that are distinct from tissues to tissues, and are not
systematic. Functions enriched in HRFI pigs were overwhelmingly related to mitosis related processes,
such as chromosome separation, DNA replication, and mitosis checkpoint. It is not known if it is due to
issues with cell division in the HRFI line that could be frequently failing, or if it simply reflects a higher
cell division rate in the duodenum mucosa of HRFI pigs. Histological examination of the duodenum
slices from HRFI and LRFI pigs might be very informative, especially if coupled with measures of cell
divisions. Due to the limited number of animals in this study, we did not investigate how genomic
differences between the animals4 could explain the line distinct duodenum transcriptomes. Expression
QTL analyses would require more samples.

The LRFI line shows a very strong transcriptomic response to feed intake in its duodenum
mucosa, with 2222 differentially expressed genes. This is in contrast to the weak response observed in
HRFI pigs, with only 85 differentially expressed genes. It is not known if selection has increased the
transcriptomic response in the LRFI line, suppressed the transcriptomic response in the HRFI line, or
both at the same time. In mice, only a modest transcriptomic response was observed by Yoshioka et
al.14, but it might be due to a relatively poor sensitivity of the SAGE method. Gene expressed before
feed intake were enriched in catabolic functions and autophagy, while genes expressed after feed intake
were more anabolic.

We observed that several nutrient transporters had their expression level increase or decrease by
feed intake in the LRFI line. We notably confirmed in pigs the previous observation of the
downregulation of Slc5a1 in fasted mice14. SLC5A1 encodes for the glucose transporter SGLT1.
Different glucose absorption dynamics between LRFI and HRFI lines might lead to different insulinemia,
as it has been observed in the same pig lines6,7. More generally, it is tempting to hypothesise that the
lack of transcriptomic response to feed intake in the duodenum of the HRFI line might explain some
feeding behaviours observed in the HRFI line. For example, the higher frequency of feeder visit in the
HRFI line might be partially explained by a reduced satiety regulatory loop.

While the transcriptomic response to feed intake was very different between LRFI and HRFI lines,
we did not detect any line x feeding statistical interactions, neither using limma nor edgeR (data not
shown). Our hypothesis is that detecting these statistical interactions would require more samples to
gain statistical power.

The pig is thought to be a good model of human digestive physiology27–29, due to its closest diet,
diurnal rhythm and size when compared to rodent models. The dataset produced here might prove
useful to better understand the transcriptomic response to feed intake of the human duodenum.
Therefore our dataset is publicly available, at the sequencing read levels, in the form of gene expression
tables, and in lists of differentially expressed genes. In addition, better understanding of the biological
mechanisms of feed efficiency may contribute to improvements of feed efficiency in pig farming, leading
to a more sustainable production.
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Acronyms
RFI: Residual Feed Intake
HRFI: Pig line selected for a High RFI (low feed efficiency)
LRFI: Pig line selected for a low RFI (high efficiency)
SAGE: Serial analysis of gene expression
SLC: Solute Carrier, a gene family of transmembrane nutrient transporter
TPM: Transcript per million, a normalised expression value.
GO-BP: Gene Ontology - Biological Process
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