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Abstract
The objective of this study was to evaluate, by means of RNA sequencing, the direct and transgenerational effect of a reduced balanced protein
(RP) diet on broiler breeder metabolism. Chickens of the F0 generation were fed a control (C) or RP diet, and their F1 progeny was fed a C or RP
diet as well, resulting in four groups of chickens: C/C, C/RP, RP/C and RP/RP. While both direct and maternal effects were seen on body weight,
breast muscle weight and abdominal fat weight in the F1 generation, the direct effect was the most dominant one. The liver transcriptome in the
F1 generation showed that amino acid metabolism was up-regulated in chickens that received the control feed when compared with their
respective contemporaries that received the reduced protein diet. Interestingly, chickens hatched from control-fed hens but reared on the
reduced protein diet (C/RP group) activated a fatty acid metabolism, expressing more fatty acid desaturase 1 gene, fatty acid desaturase 2 gene
and elongation of very long-chain fatty acids protein 2 gene, when compared with control-fed chickens hatched from control-fed hens (C/C
group), while chickens hatched from reduced protein-fed hens that received themselves the same reduced protein diet (RP/RP group) triggered
their glucose metabolism more, showing elevated levels of phosphofructokinase gene, 6-phosphofructo-2-kinase/fructose-2,6-biphospatase 4
and fructose-biphosphate aldolase C mRNA compared with the chickens hatched from reduced protein-fed hens but reared on a control diet
(RP/C group). This suggests that the maternal protein diet has an impact on the metabolism of broilers when they are reared on a RP diet.
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Over the last decade, reducing dietary protein has been of great
interest to the poultry industry. Lowering crude protein in broiler
feed can decrease N emissions and hence diminish the negative
impact on the environment(1). Additionally, protein is one of the
most expensive components of poultry diets, especially in
Europe, and reducing it is therefore an effective way to lower
production costs providing that the animal’s performance is
not negatively affected(2,3). However, not only the animal’s
own performance should be validated but protein content and
protein source in the maternal diet are also important when con-
sidering pre- and postnatal development(4). Maternal program-
ming during early life developmental stages has been shown
to affect the progeny in the long term. Plenty of research focuses
on the influence of maternal dietary changes during gestation
and/or lactation on the health status and performance of the

progeny. In broiler chickens, maternal diets have been seen to
affect offspring’s body weight and carcass yield(5), growth(6–8),
lipid metabolism(6,9,10), feeding behaviour and neophobic
attitude(11,12). In the current study, a maternal diet based on
reduced crude protein levels in female broiler breeder chickens
is investigated. A two-by-two experimental design, in which
female broiler breeders as well as their progeny received a
reduced balanced protein (RP) diet or an isoenergetic control
regime, enables to investigate a match (similar diet) or mismatch
(dissimilar diet) between mother and offspring nutritional envi-
ronment. A mismatch is known to result in the suboptimal devel-
opment of the offspring(13). The question raised here was if
chickens, when fed a reduced protein diet while descending
frommothers fed a lower amount of protein (match), could have
altered their liver metabolism in such a way that their perfor-

Abbreviations: ALDOC, fructose-biphosphate aldolase C; C, control diet; DE, differentially expressed; ELOVL2, elongation of very long-chain fatty acids protein 2
gene; FAD, fatty acid desaturase; GO, gene ontology; METTL21C, methyltransferase-like 21C; OAT, ornithine aminotransferase; PCA, principal component analy-
sis; PFKFB4, 6-phosphofructo-2-kinase/fructose-2,6-biphospatase 4; PFKL, phosphofructokinase gene; RP, reduced balanced protein diet; TENM2, teneurin
transmembrane protein 2; WGCNA, weighted gene co-expression network analysis.
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mance increased compared with those reared on a reduced pro-
tein diet but born frommothers that received a normal amount of
protein (mismatch). Along the same reasoning, it was investi-
gated if therewas a difference in control-fed animals, descending
from control-fed mothers (match) rather than reduced protein-
fed mothers (mismatch).

Materials and methods

Animals

In this project, the maternal influence of a low-protein diet was
investigated in broiler breeder chickens. To this extent, a control
(C) or RP diet was fed to two generations of chickens: while the
F0 generation consisted of two groups (C and RP), the F1 gen-
eration contained four groups in total, C/C, C/RP, RP/C and
RP/RP, with letters indicating the breeder diet from 3weeks of
age till slaughtering in, respectively, the F0 and F1 generation.
More information on growth and reproductive performance of
the C v. RP birds of the F0 generation can be found in
Lesuisse et al.(14). For the F1 generation, more details on their
performance parameters and that of their offspring have also
been described earlier(15,16). In addition, Lesuisse et al.(15) give
a detailed description of the dietary treatments administered to
the chickens discussed in this article. In short, RP-fed chickens
received a feed with a 25 % reduction in dietary crude protein
and amino acids. Feed allocations were however weekly
adapted tomaintain a similar bodyweight for all groups through-
out the entire experiment(17). In the rearing period, at 10 weeks
of age, this resulted in a 13 % higher feed allocation on average
and consequently, in a 15 % reduction in daily protein intake in
the RP-fed chickens compared with the C-fed chickens when
grown to the same body weight. In the laying period, there
was an average net protein intake reduction of 6 % in the
RP/C, of 15 % in C/RP and of 17 % in RP/RP chickens compared
with C/C chickens(15). All animal procedures were approved by
the Animal Ethics Committee of the KU Leuven (accession
no. P187/2013).

Sampling and data collection

Twenty female chickens of the F1 generation, five per dietary
group, were euthanised by electrical stunning prior to decapita-
tion before feeding at 44 weeks of age. Of these chickens, as
described previously, several body composition parameters
such as total weight and weight of liver, breast muscle, adipose
fat pad and pancreas were measured(15). The proportional tissue
weights were calculated by dividing the absolute tissue weight
by the liver weight of the corresponding breeder. Liver samples
of all chickens were collected, snap-frozen in liquid N2 and
stored at −80°C until further RNA processing. Five animals per
dietary group were chosen, which surmounts to the number
seen in other liver RNA-sequencing studies to give significant
results(18,19).

Statistics on performance parameters

Body composition parameters were analysedwith the statistical
software SAS University (SAS Institute Inc.) using a general

linear model (GLM) with maternal dietary treatment of the F0
generation, dietary treatment of the F1 generation and their
interaction as classification variables. When there was a signifi-
cant effect of any of the dietary treatments or their interaction,
means were further compared by a post hoc Tukey’s test. Data
are presented as mean values with their standard errors in on-
line Supplementary Table S1. For each result, the significance
level was set at P < 0·05.

RNA extraction, library construction and RNA-sequencing
processing

Total RNAwas extracted from liver samples of the twenty female
F1 chickens using TRIzol® Reagent (Life Technologies) accord-
ing to the manufacturer’s protocol. RNA concentrations were
quantified using a NanoDrop ND-1000 spectrophotometer
(Nano-Drop Technologies), and quality was assessed using an
Agilent Bioanalyzer 2100 (Agilent Technologies, Inc.). RIN val-
ues were at least 8·5 before further processing. Libraries were
constructed using the Illumina TruSeq stranded mRNA kit.
RNA-sequencing was performed at the Genomics Core
Leuven, Belgium. One hundred twenty-five bp paired-end
sequencingwas performed using the IlluminaHiSeq™ 2500 plat-
form. Reads were aligned to the Gallus gallus-5.0 reference
genome, Ensembl release 86. Quality of the reads was checked
using FASTQC(20), and mapping was done using TopHat(21). All
RNA-sequencing FASTQ files were submitted to the European
Nucleotide Archive database under accession number
PRJEB35156.

RNA-sequencing differential expression analyses

The R package DESeq2 was used to investigate differences
between experimental groups(22). Principal component analyses
(PCA) were performed using the plotPCA function within the
DESeq2 package. Subsequently, low reads were filtered out so
that the remaining data sets contained solely genes with at least
ten counts in 90 % of the samples, which resulted in 14 017
genes. To find differentially expressed (DE) genes, the
Benjamini–Hochberg correction for multiple testing was taken
into account (false discovery rate< 0·05). To analyse the
differences in function of the genes that were DE, data were cor-
rected for body weight and several comparisons were made.
This correction for body weight was done as we aimed to main-
tain the same body weight in all groups. However, near the end
of the experiment, significant differences in body weight were
seen due to diet, which prompted the decision to correct the data
accordingly. First, we compared groups coming from a similar F0
feed, but a different F1 feed (C/C v. C/RP and RP/C v. RP/RP).
Second, analyses were performed keeping the F1 feed constant
and changing the F0 feed (C/C v. RP/C and C/RP v. RP/RP).
Venny was used to visualise the differences in numbers of DE
genes between the different comparisons(23). Gene function
pathway analyses were performed using the gene ontology
(GO) tool g:profiler(24) with the Ensembl gene ID for Gallus gal-
lus as input and all other options as default. GO was assessed at
the molecular function, biological process and cellular compo-
nent level, and for biological pathways, the Kyoto
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Encyclopedia of Genes and Genomes (KEGG) and Reactome
were examined.

Weighted gene co-expression network analysis

For the comparison of C/RP v. RP/RP, a weighted gene
co-expression network analysis (WGCNA) was performed to
cluster highly correlated genes and to find modules whose
expression was significantly correlated with these two
groups(25). For the correlations, C/RP was set to 0 and RP/RP
was set to 1. Modules were forced to have a minimum of
250 genes and were considered interesting when the nominal
P value for their correlation with the treatment was P< 0·001.
Gene function pathway analyses were also performed on the
significant modules as described above.

Results

Body composition

Even though it was attempted to keep chickens at the same body
weight during the entire experiment, this parameter seemed to
be affected by both the F0 and F1 dietary treatment at 44 weeks
of age, without interaction effect (online Supplementary
Table S1). The same could be observed for proportional breast
muscle and proportional abdominal fat pad (online
Supplementary Table S1). The proportional liver weight was sig-
nificantly higher in chickens receiving the RP diet comparedwith
those that received the C diet (P= 0·01) (online Supplementary
Table S1). This corresponds to the findings of Lesuisse et al.(15),
where the same differences in proportional weight were
observed when five additional animals per group were mea-
sured to the five animals in this project.

Differential expression

The PCA plot revealed 49 % of variance explained on the x-axis
which separated the four groups mostly according to maternal
diet (Fig. 1). To analyse the transcriptomic difference between
groups of interest, several comparisons were made. First,
differences were examined between groups with the same F0
feed, but a different F1 feed (groups C/C v. C/RP and groups
RP/C v. RP/RP) (Fig. 2). This resulted in ninety-one up-regulated
genes and 181 down-regulated genes in C/C compared with
C/RP and nineteen up-regulated genes and thirty-two down-
regulated genes in RP/C compared with the RP/RP group.
When comparing the DE in these respective comparisons, three
genes were found in common (Fig. 3, Table 1). Second, groups
reared on the same F1 feed, but with a different maternal F0 feed
were analysed (groups C/C v. RP/C and groups C/RP v. RP/RP)
(Fig. 2). This resulted in twenty-two up-regulated genes and
twenty-four down-regulated genes in C/C compared with RP/C
and 765 up-regulated genes and 1109 down-regulated genes in
C/RP compared with the RP/RP group. The intersection between
these two comparisons comprises six genes (Fig. 3, Table 1).
Looking at all DE genes, 87·1%of themwere found in comparison
between C/RP and RP/RP, which is reflected by the division seen
by the PCA plot. Two RP/C samples were clustered with the C/RP
and C/C samples in the PCA, and analyses were repeated without
these two RP/C samples. This way, more DE genes were found
when comparing C/C with RP/C, while less DE genes were found
in the RP/C v. RP/RP comparison, which agreeswith the PCA plot.
Indeed, a total of 422 genes were up-regulated in the C/C group
when compared with the RP/C group, and forty-eight genes were
up-regulated in the RP/C when compared with the C/C group.
When comparing the RP/C groupwith the RP/RP group, only four
genes were up-regulated in the RP/C group, as opposed to eight
up-regulated genes in the RP/RP group.

Fig. 1. Principal component (PC) analysis plot of the liver RNA-sequencing data. Only the first twoPCare shown. C/C ( ), C/RP ( ), RP/C ( ) andRP/RP (þ), with C for
control diet and RP for reduced balance protein diet for the diet in, respectively, the F0 and F1 generation. Letters indicating the breeder feed in, respectively, the F0 and
F1 generation. Dots represent individuals.
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Weighted gene co-expression network analysis

Looking at both PCA and DE analyses, the largest difference
between groups was found between the C/RP and RP/RP chick-
ens. Therefore, additionally, WGCNA was performed on this
comparison to identify the hub genes driving this difference.
One module was significantly correlated with the groups when
coded as 0 and 1 with a correlation coefficient of −0·88, at a
nominal P value of <0·001. This module contained 1495 genes,
whose ENSEMBL gene ID, gene significance and module mem-
bership can be found in online Supplementary Table S2. Hub
genes of the module are those with a high gene significance
andmodulemembership value in this tablewith the gene encod-
ing for methyltransferase-like 21C (METTL21C) as a top network
hub gene.

Functional analyses

When looking at the direct influence of a protein diet when the
maternal diet was a control diet, GO analysis by comparing the
C/C with the C/RP group revealed an up-regulation of the
α-amino acid metabolic processes and transaminase activity in
the control group (C/C), while for the chickens that received
the RP diet, the fatty acid metabolism was up-regulated
(C/RP). When comparing the two different F1 diets in chickens
of which the maternal diet was the RP diet, the control diet again
showed an up-regulation of transaminase activity (RP/C), while
the RP diet now triggered the glucose metabolism (RP/RP). The
geneOAT, which translates into ornithine aminotransferase, was
up-regulated in both the C/C and RP/C groups when compared
with C/RP and RP/RP, respectively. The expression of this gene
was found to be 2·2-fold up-regulated in the C/C group com-
pared with the C/RP group and more than 2·5-fold up-regulated
in the RP/C group compared with the RP/RP group. One of the
few up-regulated genes C/RP and RP/RP held in common com-
pared with the C/C and RP/C groups, respectively, was the gene
encoding for teneurin transmembrane protein 2 (TENM2). The
up-regulated fatty acid metabolism in the C/RP group was
reflected by an increase in the expression of fatty acid desatur-
ases encoded by the fatty acid desaturase 1 gene (FADS1) and
the fatty acid desaturase 2 gene (FADS2) and elongases such
as encoded by the elongation of very long-chain fatty acids
protein 2 gene (ELOVL2). Elevated levels of the phosphofructo-
kinase gene (PFKL), 6-phosphofructo-2-kinase/fructose-2,
6-biphospatase 4 (PFKFB4) and fructose-biphosphate aldolase
C (ALDOC) were seen in the RP/RP group compared with the
RP/C group, which points to an activated glucose metabolism.
The GO term differences in the group comparisons remained
unaltered when the analysis was done without the two RP/C
samples that did not cluster with the other RP F0 diet samples,
with again an up-regulation of transaminase activity in the
RP/C group and an up-regulation of protein arginine methyl-
transferase in the RP/RP group, which indeed has been
described to play a role in glucose metabolism(26).

Comparing chickens that received the RP diet but were
hatched from hens with a different F0 diet exposed (C/RP v.
RP/RP) a nucleocytoplasmic carrier activity elicited by the

Fig. 2. Number of differentially expressed (DE) genes when comparing the C/C with C/RP group, the C/C with RP/C group, the C/RP with RP/RP group and the RP/C
with RP/RP group. The number of DE genes is split into those up- and down-regulated between the groups compared. Letters indicating the breeder feed in, respectively,
the F0 and F1 generation. Benjamini–Hochberg correction for multiple testing was set to false discovery rate < 0·05. C, control diet; RP, reduced balanced protein diet.
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Fig. 3. Venn diagram of the number of differentially expressed (DE) genes
within different comparisons. Comparisons of interest were those between
the groups of which the F0 diet was kept constant, but the F1 diet changed
(C/C v. C/RP and RP/C v. RP/RP) or vice versa (C/C v. RP/C and C/RP v.
RP/RP). The percentage is given as the percentage of all DE genes. Letters indi-
cating the breeder feed in, respectively, the F0 and F1 generation. Benjamini–
Hochberg correction for multiple testing was set to false discovery rate
(FDR)< 0·05. C, control diet; RP, reduced balanced protein diet.
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control maternal diet, while the maternal RP diet showed an up-
regulation of terms such as ‘negative regulation of gene expres-
sion’. No informative GO terms appeared to be enriched
between the chickens that received the control diet but were
hatched from hens with a different diet, not with nor without
the two RP/C samples that clustered differently. Raising the
threshold for the false discovery rate to 0·10 did not affect the
GO terms either, not with all samples, or without the two RP/C
outliers. An overview of the major GO annotations in these
comparisons and their enrichment scores is shown in Fig. 4.
Genes in the significant module that correlated with the C/RP
v. RP/RP groups were also analysed for GO annotation and
‘phosphotyrosine residue binding’ and ‘protein phosphorylated
amino acid binding’ came out as the top GO terms for molecular
function. The term ‘autophagy’ came out as a significant KEGG
pathway related to this module. A full overview with all genes
belonging to the respective GO terms can be found in online
Supplementary Table S3.

Discussion

The objective of this study was to examine if maternal program-
ming occurred in the liver of breeder broiler chickens triggered
by a RP diet. Additionally, direct effects of such a diet on liver
metabolism were assessed. In the F0 generation, female chick-
ens were fed a C or RP diet and the progeny was subjected to
the same two diets, resulting in four experimental groups,
C/C, C/RP, RP/C and RP/RP. Only female chickens were consid-
ered in this study, and feed allocation was adapted weekly to
maintain a similar body weight. However, when we look at
44 weeks of age, among the five chickens we sampled per
group, body weights differed with regard to both the F0 and
F1 diet, but without interaction effect. The chickens that received

a C/RP diet had a significantly higher body weight than the RP/C
chickens, with the C/C and RP/RP chickens at intermediate
weight. Chickens in this experiment were a subset of those
described by Lesuisse et al.(15), and the results for proportional
breast muscle weight, proportional abdominal fat weight and
proportional liver weight did not differ much from those earlier
described. In general, it is the F1 feed that influenced these body
composition parameters the most. The proportional breast
muscle weight was higher in the C/C chickens when compared
with the C/RP and RP/RP chickens, with the RP/C chickens as
intermediate. In addition, C/RP and RP/RP chickens had more
abdominal fat compared with C/C and RP/C chickens, and pro-
portional liver weightswere the highest in the C/RP chickens and
were significantly higher when compared with the RP/C chick-
ens. These changes are in accordance with other studies where
low- and high-protein diets were administered while maintain-
ing similar body weights in broiler breeders(27,28).

The liver transcriptome revealed interesting differenceswhen
looking at specific group comparisons and examining the genes
that were up- and down-regulated between these groups of
chickens. GO analyses showed that a direct effect of a control
diet (C/C v. C/RP and RP/C v. RP/RP) evoked themolecular func-
tion term for transaminase activity, independent of maternal diet.
One of the three genes in the intersection of DE genes that
appeared in these comparisons was the OAT gene (Table 1).
Ornithine is involved in the urea cycle and gets converted by
the OAT enzyme into glutamate and proline(29,30). In the liver,
it has previously been described that the enzymatic activity of
OAT proportionally increases with dietary protein levels. This
is accomplished by an increase in the number of hepatocytes
expressing OAT in chickens fed a high-protein diet as compared
with those fed a low-protein diet(31). In a reduced protein diet, it
is seen that N excretion decreases and N retention
increases(16,32). The rise of OAT could potentially help with

Table 1. Overview of genes that were common differentially expressed (DE) genes when comparing C/C v. C/RP and RP/C v. RP/RP, which reflects genes
whose expression is affected by giving a direct reduced protein diet, and genes that were common DE genes when comparing C/C v. RP/C and C/RP v.
RP/RP, which reflects genes whose expression is affected by giving a maternal reduced protein diet*

In common between C/C v. C/RP and RP/C v. RP/RP (=direct reduced protein effect)

ENSEMBL ID gene Gene symbol

C/C v. C/RP RP/CS v. RP/RP

log2FC Adj P log2FC Adj P

ENSG ALG00000001768 TENM2 1·59 0·01 1·51 0·002
ENSG ALG00000031158 OAT −1·14 0·0002 −1·34 0·02
ENSG ALG00000038217 CD82 −0·47 0·04 −0·46 0·05

In common between C/C v. RP/C and C/RP v. RP/RP (=maternal reduced protein effect)

ENSEMBL ID gene Gene symbol

C/C v. RP/C C/RP v. RP/RP

log2FC Adj P log2FC Adj P

ENSGALG00000033682 1·24 0·02 2·12 3·61 × 10–18

ENSGALG00000037088 – 1·22 0·04 1·07 4·36 × 10–13

ENSG ALG00000039384 −1·57 0·03 −1·50 0·001
ENSG ALG00000040350 −1·92 0·05 −2·43 0·03
ENSGALG00000041747 −1·61 0·05 −1·13 0·04
ENSG ALG00000043329 PTMA −1·14 0·004 −0·75 0·003

C, control diet; RP, reduced balanced protein diet; TENM2, teneurin transmembrane protein 2; OAT, ornithine aminotransferase; CD82, cluster of differentiation 82; PTMA, prothy-
mosin α.
* ENSEMBLgene ID and gene symbols (when available) are given, as well as their binary logarithmic fold change (log2FC) difference and the adjustedP values for the comparisons of
interest.
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the detoxification of the ammonia excess induced in diets with
higher protein levels(33).

The feed formulations for all groups were isoenergetic, and
the fat percentage was similar in the C and RP diets, but chickens
in the RP groupswere fed proportionally more tomaintain a sim-
ilar body weight(15). To keep the diets isoenergetic, protein was
substituted by carbohydrates. Combinedwith the fact that the RP
groups were allocated more feed, the RP groups ingested more
carbohydrates than the C groups. However, the feed of the F0
generation seemed to be the determining factor on which the
metabolic pathway was mainly triggered. For animals descend-
ing from the control F0 hens, a RP diet up-regulated the fatty acid
metabolism pathway significantly. FADS1, FADS2 and ELOVL2
play a central key in the biosynthesis of long-chain n-3 and
n-6 PUFA(34). FADS1 and FADS2 are necessary to introduce
cis double bonds in fatty acids, and ELOVL2 catalyses carbon
chain extensions. They convert essential fatty acids such as lino-
leic acid and α-linolenic acid into arachidonic acid, EPA and
DHA(35). FADS1, FADS2 and ELOVL2 were highly expressed
and at least 2-fold up-regulated in the C/RP group compared
with the C/C group, but this effect was not observed between
F1 animals on a RP diet v. C diet descending from F0 hens on
a RP diet. Instead, in the liver of animals on a RP diet v. C
diet, descending from the RP F0 hens (RP/RP v. RP/C), an
up-regulation of fructose and mannose metabolism was seen,
with elevated levels of PFKL, PFKFB4 and ALDOC. This differen-
tial expression due to the RP diet was not observed for animals

descending from the control F0 hens (C/RP v. C/C). These genes
are key players in the glycolysis and point to more glycogen
breakdown as a result of a higher demand of energy(36,37).
One of the genes, TENM2, found in common between C/C v.
C/RP and RP/C v. RP/RP comparison, and thus important for a
direct reduced protein diet effect regardless of maternal diet,
was up-regulated in both reduced protein groups (Table 1).
Interestingly, TENM2 has been described to be involved in adi-
pogenic differentiation(38). An up-regulation of TENM2 in the RP/
RP and C/RP groups, when compared with the RP/C and C/C
groups, respectively, could be the result of a higher uptake of
carbohydrates and fats in the groups reared on a RP diet, but
were allocated more feed.

It is very interesting that the greatest number of DE genes in
our comparisonswas caused by thematernal diet when chickens
were fed an RP diet, that is, between the C/RP and RP/RP groups.
This was also shown by the PCA plot that completely separated
the C/RP and RP/RP groups. GO analysis of these DE genes
exhibited the negative regulation of cellular biosynthetic proc-
esses as the highest biological process GO term, up-regulated
in the RP/RP chickens when compared with the C/RP chickens.
It seems that the RP/RP animals are having a lower amount of
genes expressed and could therefore potentially show a lower
metabolism rate than the C/RP animals. Nevertheless, T3 and
T4 concentrations in the plasma were not found to be different
between these two groups(15). However, in line with a decreased
metabolism, Li et al.(39) reported significant differences in

Fig. 4. Gene ontology (GO) analyses results of the contrast between theC/C andC/RP groups (a), theC/C andRP/C groups (b), the C/RP andRP/RP groups (c) and the
RP/C with RP/RP groups (d). The enrichment score reflected in this figure is the –log10 of the adjusted P value of the enrichment analysis. Letters indicating the breeder
feed in, respectively, the F0 and F1 generation. C, control diet; RP, reduced balanced protein diet. , C/C v. , C/RP; , C/C v. , RP/C; , C/RP v. , RP/RP; ,
RP/C v. , RP/RP.
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behaviour due to maternal diet in animals fed a RP diet. RP/RP
animals were less active as reflected by a decreased level of litter
scratching, reduced feather pecking behaviour and an increased
time spent sitting compared with the C/RP animals. To find the
most important drivers behind the differences betweenC/RP and
RP/RP animals, we performed a WGCNA. This resulted in one
significant module whose eigengene was higher expressed in
the C/RP group compared with the RP/RP group. In the C/RP
group, the GO term ‘autophagy’ represented an up-regulated
KEGGpathway comparedwith the RP/RP group and themodule
contained multiple post-translational modification genes,
reflected by significant GO terms such as ‘phosphorylated amino
acid binding’. Hub genes of this module are those with a high
gene significance and high module membership. An example
of such a hub gene is the top annotated gene for gene signifi-
cance, METTL21C, which encodes for a methyltransferase pro-
tein and has also been found to regulate autophagy-associated
protein breakdown(40). So, when animals, programmed for a
RP diet by the F0 generation, are fed a RP diet themselves, they
seem to have less protein breakdown compared with animals
whose mothers were fed the control diet.

The up-regulated autophagic GO term in the WGCNA for the
C/RP group v. the RP/RP group reinforces our DE analysis. Upon
fasting, it is well established that cells shift their metabolism from
glucose to fatty acid oxidation to produce energy and an auto-
phagic degradation of lipid droplets is thought to mobilise
TAG during the starvation processes(41,42). It seems that the fatty
acid metabolism was activated significantly more in the C/RP
chickens when compared with their control group C/C, while
glucosemetabolism took the overhand for RP/RP chickenswhen
compared with their control group C/RP, as described above.
This may suggest that the C/RP chickens are in a deeper starva-
tion state than the RP/RP chickens, or, in other words, the RP/RP
chickens seemed to be more maternally adapted to the RP diet
than the C/RP chickens.

Conclusion

Irrespective of diets in the F0 generation, chickens reared on a C
diet showed an up-regulation of transaminase activity in the liver
compared with a RP diet, which might indicate a higher amino
acid catabolism and uric acid synthesis. However, the F0 diet
influenced the metabolism triggered by the RP diet fed to the
F1 generation, being the fatty acidmetabolismwhen themothers
received a C diet or the glycolysis metabolism when the mothers
received a RP diet. It seems as if chickens, when fed a RP diet, act
on the reduced amount of protein in the diet either by using their
reserves through an autophagic degradation of lipid droplet
when the F0 generation was fed a control diet, or by lowering
their entire metabolism for those animals descending from
RP-fed hens. The distinction between these two coping mecha-
nisms appears to be guided by the maternal diet.
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