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Introduction

Gallus gallus, commonly known as chickens, are great models for studying developmental
biology due to their in-ovo development and the availability of high-quality genomic resources.
Our lab has previously used chickens to investigate allele-specific expression (ASE) (Zhuo et
al. 2017; Tomilson et al., 2021). ASE occurs when one allele is expressed more than the other.
In chickens, ASE has been identified in tissues including the liver and pectoralis major muscle
(PM) (Tomilson et al., 2021). Zhuo et al. (2017) have investigated whether ASE is caused by
genomic imprinting in embryonic chicken tissue. Their results did not show evidence of
genomic imprinting, indicating that sex of the parents did not determine allelic expression
(Zhuo et al., 2017).

The current study is part of a larger project investigating ASE between fast-growth and slow-
growth chicken lines and the genotype-phenotype relationships that result from the allelic
expression dynamics. Assessing phenotypic data across developmental stages is essential for
determining whether ASE patterns contribute to observable differences in growth and
development. This study focuses on phenotypic variation in chicks across embryonic and post-
hatch developmental stages, analysing growth trends and the effects of developmental
timepoint, genetic group, and sex. Chickens used in this experiment were F1 crosses of
Broilerd x Leghorn® and Broilerd x Fayoumi® from the Iowa Growth and Composition
Resource, as described by Deeb and Lamont (2002). While Deeb and Lamont (2002) collected
phenotypic data from F2 chicks, this study focuses only on the F1 population. These genetic
groups were selected to have fast-growth chickens (Broiler) crossed with inbred slow-growth
chickens (Leghorn and Fayoumi). It was predicted that chick body weight would be influenced
by developmental timepoint, cross, and sex.

Materials & Methods

Animals and Sample Collection. Fertilized eggs used in this study were air shipped from
Iowa State University to the University of Delaware. Shipments contained an assortment of
Broiler, Broiler x Fayoumi, and Broiler x Leghorn eggs. Eggs were set in an incubator upon
arrival at the University of Delaware. Twenty-one days after arrival, eggs hatched. A unique
wing band was placed on each chick, and chicks were moved into isolators with food, water,
and a heat lamp. Unhealthy chicks were euthanized through cervical dislocation.

Chicks were sampled through necropsy at embryonic days 10, 14, and 17 and post hatch days
0, 6, and 21. Because the Broiler x Fayoumi cross had higher hatchability, three of these chicks
from each hatch were kept until day 35. Chicks in the embryonic stage were removed from the
egg and decapitated before being weighed and rinsed. Initial egg weight was also recorded.
The head, heart, liver, and PM of each chick were collected and frozen in liquid nitrogen before
transfer to a -80°C freezer. Post hatch chicks were weighed, then euthanized by decapitation
(days 0 and 6 post-hatch) or cervical dislocation (days 21 and 35 post-hatch). Blood samples
were collected from a cardiac puncture immediately following the cervical dislocation. The
heart, liver, and PM were frozen the same way as the embryonic samples. Post hatch chicks
were visually sexed by examining the gonads after sample collection. This entire process was
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repeated, as we had two separate hatches. In total, 25 broiler, 75 Broiler x Leghorn, and 177
Broiler x Fayoumi chicks were sampled.

PCR Sexing. To analyse differences in growth between male and female chicks, chick sexing
was essential. Since we were unable to reliably sex chick embryos, “Sexing chick embryos: A
rapid and simple protocol” by Clinton et al. was used. First, DNA was isolated from chick
blood or head tissue using a standard protocol. The two primers used for the PCR-based sexing
were Xhol and 18S, as specified by Clinton et al. (2001). The Xhol primer was designed to
amplify a region on the W chromosome, present only in female chickens (Clinton et al., 2001).
The 18S primer was designed to amplify a region of the ribosomal gene sequence (Clinton et
al., 2001). A standard multiplexing PCR procedure was used as described by Clinton et al.
(2001). PCR was followed by gel electrophoresis to view results. Samples with two bands (W-
chromosome & ribosomal gene) were determined female, while samples with just one band
(ribosomal gene) were determined to be male (Fig. 1).

Figure 1. PCR Gel Electrophoresis for Sex Determination. This figure shows how male and
female chicks were distinguished through PCR. Bands at 415bp show amplification of the W
chromosome region. Bands at 256bp show amplification of the Ribosomal gene. Male and
female are designated using M and F, respectively.

Data Analysis. All data from necropsy were analysed using JMP Student Edition 18.2.2 (JMP
Statistical Discovery LLC, Cary, NC, 2025). To examine complex patterns in the data, a
principal component analysis was run considering chick weight, PM weight, liver weight, and
heart weight from chicks sampled on post-hatch day 21. Developmental stage and chick weight
were fit to the Gompertz 3-parameter growth model, a common model for studying chicken
body weight and age. A simple linear regression was used to examine the relationship between
PM weight and chick body weight from chicks sampled at post hatch days 21 and 35. A one-
way ANOVA was then used to investigate the relationships between genetic group and liver
weight, heart weight, PM weight, and chick body weight. To get a more comprehensive look
at effects on body weight, a generalized linear model was used to account for multiple variables
simultaneously. The generalized linear model evaluated the effects of developmental
timepoint, sex, genetic group, and hatch on body weight. Chicks from post-hatch day 35 were
excluded from this model, as they were all the same genetic group. Broiler chicks were also
excluded since they were not sampled at every time point. Chicks without recorded sex were
also excluded from this model.

Results & Discussion

Chick weight, PM weight, heart weight, and liver weight were considered in a principal
component analysis (PC1 =3.106, PC2=0.551, PC3 =0.273, PC4 = 0.0694) (Fig. 2). The first
two principal components explain 91.43% of the total variance. This data only includes chicks
sampled on post-hatch day 21 since PM, heart, and liver weight were not recorded at earlier
developmental timepoints. In the PCA, we can see that each chick genetic group forms a cluster
in either green, blue, or red (Fig. 2).

Chick weight fit the Gompertz 3-parameter growth model well across all genetic groups (R* =
0.974-0.984) (Fig. 3), with the Broiler x Fayoumi cross showing the best fit (R? = 0.984,
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p<0.0001) (Fig. 3C): however, asymptote, growth rate, and inflection point parameters were
not significant for Broiler and Broiler x Leghorn. In all cases, data did not reach the asymptote.
Since sampling ended before adulthood, the asymptote could not be observed. We can see,
however, that all three chick genetic groups have followed the growth curve thus far.

Using the linear regression, we found a high correlation between chick weight and PM weight
(R?=10.967, p<0.001, y = -3.226 + 0.045x) (Fig. 4). This is important for future studies, as it
allows us to estimate PM weight without dissecting the chick.

Using the One-way ANOVA, we concluded that liver weight, heart weight, and PM weight
were significantly different between the three genetic groups (p = 0.0032, p = 0.0108, p =
0.0132, respectively). Mean chick weight, including embryonic and post-hatch, did differ
significantly (p = 0.0002) between genetic groups. This was expected as the F2 population
described by Deeb and Lamont (2002) showed a difference in body weight between
populations during early development.

The general linear model for chick body weight was significant overall, F (18, 187) =3.14, p
< .0001. This indicated that variables included in the model do explain variation in body
weight. Hatch did not have a significant effect on body weight. This was expected as each
hatch was raised in identical conditions. Developmental timepoint did have a significant effect
on body weight F (5, 187) =4094.78, p < .0001. This was also expected, as chicks grow over
time. Genetic group had a significant effect on body weight as well F (1, 187) = 35.69, p <
.0001, with the Broiler x Fayoumi cross showing a higher weight than the Broiler x Leghorn
cross (LS mean: 67.71 + 0.84 vs 59.14 + 1.18). Sex had a significant effect on body weight F
(1, 187) = 19.88, p < .0001, as males showed a higher body weight than females (LS mean:
66.56 £ 0.89 vs 60.27 + 1.13). We saw a significant interaction between timepoint and genetic
group F(5, 187) = 30.16, p < .0001. This indicated that changes in body weight over time
differed among genetic group. We also saw significant interactions between timepoint and sex
F (5,187)=20.47,p<.0001, indicating that changes in body weight over time differed between
male and female chicks.
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Figure 2. Principal Component Analysis of Phenotypic Chick Data. The principal component
analysis considered chick, PM, heart, and liver weight from chicks sampled on post-hatch day
21.
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Figure 3. Chick Weight Gompertz 3P Model. The scatterplots of Broiler (A), Broiler x
Leghorn (B), and Broiler x Fayoumi (C) chick weight at each necropsy developmental
timepoint are fit to the Gompertz 3P Model.
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Figure 4. Pectoralis major muscle weight by Chick Weight. The linear regression shows the
relationship between chick weight and PM muscle weight from post-hatch days 21 and 35. (n
=59, R?=0.967, p<0.001, y = -3.226 + 0.045x).

Conclusions

The phenotypic data collected during necropsy provides the foundation for our comprehensive
study on allelic expression dynamics during development. We saw that developmental
timepoint, genetic group, and sex had a significant effect on chick body weight. This study will
soon be supplemented with transcriptomic data from RNA sequencing and single-nuclei spatial
transcriptomics. The combination of phenotypic data and transcriptomic data will give us
insight on allele-specific expression between fast-growth and slow-growth chicken lines.
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