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Summary

One of the important challenges that broiler chicken industry deals with is growth variability,
which is highly correlated (up to 90%) with variability in feed consumption. Feed
consumption is affected by many factors including taste and nutrient perception in the oral
cavity. Amino acids (AA) as one of the most important dietary nutrients are strongly related
with growth rate of broiler chickens and feed intake regulation. In this study, we hypothesized
that differences in growth and feed intake of broilers are associated with the gene expression
level of AA receptors in the upper palate of oral cavity. RT-PCR analyses showed that fast
growing chickens expressed T1R1 and GPR139 in upper palate at higher levels compared to
slow growing chickens (P < 0.05). In conclusion, the higher expression levels of some AA
sensors in fast compared to slow growing chickens was associated with differences in their
nutrient specific appetites and feed intake which, in turn, resulted in different growth rates.
Our results provide novel evidences that the regulation of feed intake and growth in chickens
are orchestrated by nutrient sensing mechanisms.
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Introduction

Growth uniformity is a challenge in broiler chicken industry since is related to feed
conversion rates (FCR). Thus, the more uniform the flock the lower the waste in processing
plants and the higher the revenue (Zucker et al., 1958; Fanatico, 2003; Berhe and Gous,
2008). Although growth is a multifactorial phenotype, the main effector of growth variability
in broiler chickens is the variation in feed consumption due to the robust genetic and
phenotypic correlations between growth and feed intake (Barbato, 1994; de Verdal et al.,
2011). Feed consumption and appetite are partially regulated by the taste system in the oral
cavity (Roura et al., 2013).

Despite the long delay in discovery of taste buds and taste mechanisms in chicken
compared to mammals, recent advances in this area have revealed that chicken’s taste system
plays key roles in feed choice and level of intake playing a fundamental role in the initial
assessment on the nutrient content of the diet (Roura et al., 2013; Hirose et al., 2015).
Together with energy, dietary amino acids are the most important nutrients associated with
growth performance in non-ruminant species, including chickens (Corzo et al., 2005). AA
perception mechanisms via the dimeric umami taste receptor (T1R1/T1R3) in the chicken oral
cavity have been studied recently (Yoshida et al., 2015; Gao et al., 2017). However, the full
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repertoire of AA sensors and the way they may impact feed consumption are yet to be fully
unveiled in chicken.

We hypothesized that higher expression of AA receptor and downstream genes in the
upper palate of broiler chickens is related with the higher level of feed intake followed by
increased growth rate.

Material and Methods

Animals and Sample collection

Six-hundred one day-old male chickens were placed at the Poultry Unit facilities of the
Gatton campus of the University of Queensland, and they were grown under standard
commercial conditions for 3 weeks. At this age, the 48 heaviest and 48 lightest chicks were
selected as representatives of the fast growing and slow growing population, respectively, and
caged individually for another 3 weeks. At the end of the 6th week, the 6 heaviest (average
body weight of 3598±156g) and the 6 lightest (2828±77g) birds were sacrificed for tissue
collection from upper palate of oral cavity.

RNA Isolation and Reverse Transcription

Maxwell® Robot along with the Maxwell® 16 LEV Simply RNA Purification Kit was used
according to the manufacturer protocol to extract the RNA from the tissue samples. QantiTect
Reverse Transcription Kit from QIAGEN was used according to the manufacturer instructions
for cDNA synthesizing.

RT-PCR

All primers were designed using Pick Primers option on the NCBI database according to
published cDNA sequences (Table 2). 1µl cDNA, 1µl primers, 3µl water, and 5µl SYBER
green in total volume of 10µl were used for real-time PCR reactions. Plates were run with the
following program: 50 ºC for 2min, 95 ºC for 10min, and 40cycles of 95 ºC for 15s and 60 ºC
for 1min.

Table 1: Target genes and primer sequences used in the study.

Gene Primer (5’-3’)
Amplicon
length (bp)

Accession No

T1R3 F - ACAACTCCACGTCACTCCTG
R -
CCATAGCTGACCTGTGGAATCA

253 XM_015297004.1

T1R1 F -
CTATGGTAGGGATGGGCTCAAC
R -
CTAAAGACCAGTCCTCAGAGCC

260 XM_015297117.1

α-gust F - AACCACTTCCATCGTGCTGT
R - GGCACAGGTCAGGTGACAAT

199 NM_001267811.1

GPRC6A F -
TGCTTGCCAGAATACAGATGACT
R -

237 XM_426177.4
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TCATAGCCCAGAGTAACTCCAGA
GPR92 F - GGACAAACCTGGCACTCAGA

R - GCTAGGGGCTTTCTGTGGTT
207 XM_015293753.1

GPR139 F - TGCTGACATCCTCGTTCTCTT
R - GAGTGGATGGCACACAGCTA

190 NM_001321735.1

CaSR F - TGGCTTCCACCTTGTTGCTTA
R -
GCAGCAGTGTTCCAGGTAAAC

214 XM_416491.5

GAPDH F - GTAGTGAAGGCTGCTGCTGA
R - TCCTTGGATGCCATGTGGAC

224 NM_204305.1

Β-ACT F -
GAGAAATTGTGCGTGACATCA
R - CCTGAACCTCTCATTGCCA

152 NM_205518.1

Data Analysis

The RT-PCR data was analysed using Pfaffl method (Pfaffl, 2001). To do so, PCR efficiency
of each primer was calculated using delta Rn information in LinRegPCR software (Ruijter et
al., 2009). After calculating normalized expression ratios (equation 1), the General Linear
Module procedure of SAS 9.4 was used to perform the ANOVA for comparing expression
levels between fast and slow growing chickens. Average expression of GAPDH and B-ACT
were used in the normalization as reference genes.

(1)

Etarget and Eref = efficiency of target and reference gene respectively (average of both reference
gene), ∆CPtarget (control - sample) = difference between average Ct value of positive control
and sample with target gene, ∆CPref (control - sample) = difference between average Ct value
of positive control and sample with reference gene (average of both reference gene)

Results and Discussion

Figure 1 shows the expression levels of the AA receptor genes of interest and other candidate
signalling genes in fast and slow growing chickens in the upper palate. T1R1 and GPR139
were expressed at higher levels in fast compared to slow growing chickens (Figure 1) (P <
0.05). However, the low number of replicates (six per group) may increase the error.

Figure 1: Comparison of AA receptor and α-gustducin gene expression levels in upper palate
of oral cavity between fast and slow growing chickens (T1R1 and T1R3: Taste Receptors 1
and 3, respectively; Gust: α-gustducin; GPRC6A: G protein-coupled receptor family C group
6 member A; GPR92: G protein-coupled receptor 92; GPR139: G protein-coupled receptor
139; CaSR: Ca Sensing Receptor). *Pairs of columns with an asterisk are significantly
different between each other at P < 0.05.

Activation of T1R1/T1R3 heterodimer triggers the activation of a G-protein α subunit (α-
gustducin), known as a key mediator of umami taste perception (He et al., 2004b). Expression
of T1R1/T1R3 and α-gustducin has already been reported in oral cavity of chicken (Baldwin
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et al., 2014; Cheled-Shoval et al., 2015). In rodents, it has been reported that AAs are sensed
through multiple mechanisms depending on the region in the oral cavity; T1R1/T1R3 in
conjunction with α-gustducin sense glutamate in the front of the tongue, whereas this AA is
speculated to be sensed by mGluR4 in conjunction with Gi not α-gustducin in the back of the
tongue (Ruiz et al., 2003; He et al., 2004a; Stone et al., 2007; Yasumatsu et al., 2012). Similar
region-specific sensation of AAs may exist in avian species. In this context, it is tempting to
speculate that GPR139 is probably important for sensing AA independent from α-gustducin in
oral cavity of chicken. GPR139 was first identified in the central nervous system of mammals
(Gloriam et al., 2005). High levels of GPR139 in hypothalamus indicate a possible role of this
gene in feed intake and sensing energy expenditure in mammals (Liu et al., 2015; Wagner et
al., 2016). L-Trp and L-Phe, and some oligopeptides (ACTH, a-MSH, b-MSH) have been
reported as physiologic ligands for GPR139 in mammalian brain, which monitor the changes
of these AAs in the brain (Isberg et al., 2014; Liu et al., 2015; Nøhr et al., 2017). This is the
first report on GPR139 expression in avian species, and even in mammals there is a lack of
data for this gene in peripheral tissues.

Our results revealed an extremely low/no mRNA abundance for GPRC6A across all the
tissues in both fast and slow growing chickens. In mammalian species, this gene was reported
as a sensitive AA sensor with relevant physiological impacts complementing CaSR to sense
both Ca and AAs (Wellendorph et al., 2009; Haid et al., 2012; Oya et al., 2013). However, it
has been reported that murine GPRC6A probably was not involved in protein-induced satiety
(Kinsey-Jones et al., 2015).

In conclusion, higher feed consumption and higher growth rate in broiler chickens was
associated with a higher expression of some AA sensors in the oral cavity. In addition, our
results proved the existence of an umami taste receptor independent pathway in chickens
associated with feed intake variations. This notion has revealed a new window to understand
the effect of dietary free and supplementary AAs on feed intake in chickens worth further
investigation.
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