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Extended Abstract

Background: Growth rate is among the most economically important traits in broiler chickens
that varies according to the bird’s genetic potential while being modulated by non-genetic factors.
Ascites syndrome is a metabolic—genetic disorder in broilers whose occurrence is associated with
genetic susceptibility and environmental conditions, including feeding strategy and husbandry
practices. Historically, its prevalence has shown a direct relationship with increasing altitude
above sea level; however, ascites is now observed at low altitudes as well, which is attributed to
metabolic constraints rather than hypobaric hypoxia alone. The syndrome is seen predominantly
in male broilers. Based on the frequently stated view that faster growth can be accompanied by
increased physiological strain, it has been hypothesized that some gene variants implicated in
ascites susceptibility might also align with—or even enhance—growth-related traits. The present
study aimed to evaluate the association between polymorphisms in two ascites-related candidate
genes, PDK4 and THRSP, and weekly body weight as well as growth rate traits in a commercial
broiler line.

Methods: The research was conducted in three phases: bioinformatics, farm, and laboratory. In
the bioinformatics phase, RNA-seq data were used to identify variants in six genes (CPTI1A,
GPR182, MEF2A, FABP4, PDK4, and THRSP). A downstream RFLP marker-design step was
then implemented to prioritize loci amenable to genotyping with a low-cost restriction enzyme,
thereby improving feasibility for population-level screening. Ultimately, one biallelic T/C variant
from PDK4 and one biallelic A/G variant from THRSP were selected for empirical evaluation;
both loci were genotyped using Scal. In the farm phase, the study population comprised 823 birds
(381 males and 442 females) from 23 sire half-sib families. Body weight was recorded weekly
from day 1 through day 42. Growth rate was computed over three intervals: 1-21, 21-42, and
1-42 days of age. Ascitic birds were identified using external characteristics commonly adopted
in field settings, including feather ruffling, wing drooping, and the presence of a watery abdominal
effusion. Records from 114 chicks partitioned into four groups were used for genotype—phenotype
association analyses: healthy males (n = 44), ascitic males (n = 11), healthy females (n = 55), and
ascitic females (n = 4). Statistical analyses employed the UNIVARIATE and GLM procedures in
SAS. Sex, health status, and genotype were modeled as fixed effects. Post-hoc pairwise
comparisons were conducted with Tukey’s test to control for multiple testing across genotype
classes and sex—health strata.

Results: Across the six genes surveyed, 75 SNPs were identified, 57 of which were determined
to be suitable for genotyping by RFLP using an appropriate restriction enzyme. Following
additional filtering for assaying robustness and expected informativeness, one variant from PDK4
and one from THRSP were advanced to laboratory validation and association testing. Both loci
displayed sufficient genotypic variability for meaningful analysis. At the PDK4 locus, the
frequencies of CC, TC, and TT genotypes were 0.105, 0.658, and 0.237, respectively. At the
THRSP locus, the frequencies of AA, AG, and GG genotypes were 0.185, 0.500, and 0.315,
respectively. As expected from biological dimorphism in broilers, males exhibited higher body
weights and growth rates than females at most ages. In parallel, ascitic birds—particularly toward
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the end of the growing period—showed reduced growth and weight gain compared to healthy
counterparts, reflecting the physiological burden of the syndrome. Despite these consistent
population-level trends, no genotype at either locus produced statistically significant differences
(P > 0.05) in weekly body weight traits or in growth rates across 1-21, 21-42, and 1-42 days.
Model estimates did suggest small, non-significant patterns: for PDK4, mean values for CC were
marginally higher than those for TC/TT at certain time points; for THRSP, AA tended to show
modestly higher phenotypic values than AG/GG. However, effect sizes were below conventional
thresholds for statistical reliability and did not survive multiple-comparison control. These
findings are consistent with recent perspectives arguing that reduced cardiopulmonary efficiency,
rather than growth rate per se, is the proximate driver of ascites in fast-growing birds. In other
words, a simple, direct correlation between alleles that support rapid growth and alleles that
predispose to ascites is unlikely to be universal, at least for the two loci examined here.
Conclusion: Taken together, the results indicate that the selected polymorphisms in PDK4 and
THRSP are not significantly associated with growth-related traits and weekly body weight in this
population. A conservative interpretation is that genetic susceptibility to ascites is not necessarily
mediated by the same variants that promote faster growth. Rapid growth, by itself, does not equate
to a “genotype predisposed to ascites”; rather, ascites risk appears to be contingent on a mismatch
between oxygen-delivery capacity and the metabolic demands imposed by growth and husbandry
conditions. In conclusion, the present data provide no evidence of a direct genetic link between
rapid growth and ascites susceptibility at the level of the two tested genes. Thus, breeding
programs can continue to focus on improving growth and efficiency without a direct,
locus-specific increase in ascites risk from these variants—provided that physiological
monitoring and environmental management are maintained to balance oxygen demand with tissue
capacity.
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Table 2. Descriptive statistics of the phenotypic data used in the association analysis

bwl® bw7 bwl4 bw21 bw28 bw35 bw42 GR1-21 GR21-42 GR1-42
N 114 114 113 114 114 114 113 114 113 113
Min 35 85 125 288 675 1100 1525 12.6 52.6 36.1
Max 55 172 402 786 1350 2090 2905 36.8 103.0 69.6
Average 45.6 127.7 276.8 555.2 992.7 1569.6 2178.0 255 77.3 52.0
STD 3.9 20.2 56.0 92.8 148.2 212.0 279.5 4.6 10.9 6.8
CV% 8.7 15.8 20.2 16.7 14.9 13.5 12.8 18.0 14.1 13.1

> bw-bw42 are the body weight traits at the specified day and GRI-21, GR21-42, and GR1-42 are the growth rate traits from 1 to 21 days, 21 to k) days,

and 1 to 42 days of age, respectively. The units of the body weight and growth rate traits are gram and gram/day, respectively.
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Table 3. The position and cutting sequence of each of the variants

Gene SNP Position Sequence Cutting site Cutting type
PDK4 T/C 6829 AAAAGCGATCCAAGAAGTACTGAATGTTTTGATTGGTGAC AGTACT Blunt
THRSP A/G 39 AGGAGTGGGGCCATGGAGCAGTACTTCTCGGCCACGCAGA AGTACT Blunt

5] wn 31 20 () THRSP 5 (V) PDK4 5 ilises (slacais sl 55501 ) JSs
Figure 1. Band patterns of different PDK4 (top) and THRSP (bottom) genotypes after enzymatic digestion
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Table 4. Allelic and genotypic frequencies of PDK and THRSP genes

Gene Genotype N Genotype frequency Allele Allele frequency
CS 12 0.105 C
T 75 0.658 T 0.565
PDK TT 27 0237 - -
Total 114 1 - 1
AA 21 0.185 A 0.434
AG 57 0.5 G 0.566
AR GG 36 0.315 - -
Total 114 1 - 1
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Table 5. Least square mean comparisons of body weight and growth rate traits between males and females, ascitic and
healthy birds, and the different genotypes of the PDK4 gene

bwl® bw7 bwl4 bw21 bw28 bw35 bw42 GR1-21 GR21-42 GR1-42
Male 45.6 127 279 562 1022a 1592a 2153a 25.8 75.8a 51.4a
Female 46.3 129 276 537 932b 1419b 1872b 24.5 63.5b 44.5b
Healthy 46.2 130 282 556 984 1559 2186a 25.5 77.7a 52.2a
Ascitic 46.4 128 274 539 962 1452 1843b 24.6 62.1b 43.8b
cC 48.1 134 285 556 984 1522 2062 25.4 71.7 49.1
TC 454 125 269 545 979 1519 2027 25.0 70.6 483
TT 453 129 279 542 956 1476 1955 24.8 67.3 46.6

> bw1-bw42 are the body weight traits at the specified day, and GR1-21, GR21-42, and GR1-42 are the growth rate traits from 1 to 21 days, 21 to 42
da%s, and 1 to 42 days of age, respectively. The units of the body weight and growth rate traits are gram and gram/day, respectively.
a, b, ¢ Least square means within the same column and within the same factor with different letters are significantly different (p < 0.05).

OF il slacig o Sl g pllo wile g 5 Gl on M) E5 5 o 0jy Dl Slaye Ble (:Sle duglis 5 o1
THRSP
Table 6. Least square mean comparisons of body weight and growth rate traits between males and females, ascitic and
healthy birds, and the different genotypes of the THRSP gene

bwl$ bw7 bwl4 bw21 bw28 bw35 bw42 GR1-21 GR21-42 GR1-42
Male 46.1 129 280 561 1019a 1593a 2158a 25.8 76.1a 51.5a
Female 46.5 130 275 534 927b 1417b 1871b 24.4 63.6b 44.5b
Healthy 45.8 129 281 558 989 1561 2186a 25.6 77.6a 52.2a
Ascitic 46.1 128 274 541 965 1450 1840b 24.7 61.8b 43.7b
AA 46.8 130 291 569 1001 1524 2028 26.1 69.5 483
AG 45.4 125 268 545 978 1528 2027 25.0 70.6 483
GG 45.7 130 274 535 953 1465 1983 24.5 68.9 473

5 bw1-bw4?2 are the body weight traits at the specified day, and GRI-21, GR21-42, and GR1-42 are the growth rate traits from 1 to 21 days, 21 to 42
days, and 1 to 42 days of age, respectively. The units of the body weight and growth rate traits are gram and gram/day, respectively.
a, b, ¢ Least square means within the same column and within the same factor with different letters are significantly different (p < 0.05).

pas Al L (P > +/40) cuslss gl gme b3 A3, IS S i
2 by Slio 5 Sl p)lis (e peitee (S5 b)) VO ool cage Biod ol (Slojsbilen mls

59 sl yly adlas i saalie jo ol adles MEF2A  GPRI182 «CPTIA (slay; I il

RFLP |, SNP (sla Sl l olizl b adllas 550 (sloys  elapyj blo)l o) le .03 THRSP 4 PDK4 FABP4

sl dpog L6 S 3l LS Comer o )3 alllas gl gt | 8

L Lygye claw | THRSP 4 PDH4 5 o0 5 ISsus

References

Alinaghizadeh, R., Mohammadabadi, M., & Zakizadeh, S. (2010). Exon 2 of BMP15 gene polymorphism
in Jabal Barez Red Goat. Agricultural Biotechnology Journal, 2(1), 69-80.

Askari, N., Baghizadeh, A., & Mohammadabadi, M. (2008). Analysis of the genetic structure of Iranian
indigenous Raeni cashmere goat populations using microsatellite markers. Biotechnol, 2(3), 1-4.

Askari, N., Mohammadabadi, M., Beygi Nassiry, M., Baghizadeh, A., & Fayazi, J. (2009). Study of genetic
diversity of Raeini Cashmere goat based on microsatellite markers. Journal of Agricultural Science,
18(4), 155-161.

Bahador, Y., Mohammadabadi, M., Khezri, A., Asadi, M., & Medhati, L. (2016). Study of genetic diversity
in honey bee populations in Kerman province using ISSR markers. Research on Animal Production
(Scientific and Research), 7(13), 192-186.

Cogburn, L., Wang, X., Carre, W., Rejto, L., Aggrey, S., Duclos, M., Simon, J., & Porter, T. (2004).
Functional genomics in chickens: development of integrated-systems microarrays for transcriptional
profiling and discovery of regulatory pathways. Comparative and Functional Genomics, 5(3), 253-261.

Cogburn, L., Wang, X., Carré, W., Rejto, L., Porter, T., Aggrey, S., & Simon, J. (2003). Systems-wide
chicken DNA microarrays, gene expression profiling, and discovery of functional genes. Poultry
Science, 82(6), 939-951.

Currie, R. J. (1999). Ascites in poultry: recent investigations. Avian pathology, 28(4), 313-326.

Daneshyar, M., Kermanshahi, H., & Golian, A. (2009). Changes of biochemical parameters and enzyme
activities in broiler chickens with cold-induced ascites. Poultry Science, 88(1), 106-110.
https://doi.org/10.3382/ps.2008-00170

Druyan, S., Ben-David, A., & Cahaner, A. (2007). Development of ascites-resistant and ascites-susceptible
broiler lines. Poultry Science, 86(5), 811-822.


http://dx.doi.org/10.61882/rap.2025.1415
http://rap.sanru.ac.ir/article-1-1415-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-03 ]

[ DOI: 10.61882/rap.2025.1415 |

Syelee 551 5 OsS)5 bld Gercme w8 (bl §3lo 0dljcues oyl

ay VFF /Y ojlaids /o3l Jlo (ol Clidys slajimgs

Druyan, S., Hadad, Y., & Cahaner, A. (2008). Growth rate of ascites-resistant versus ascites-susceptible
broilers in commercial and experimental lines. Poultry Science, 87(5), 904-91.

Gholamhoseinzadeh Gooki, F., Mohammadabadi, M., & Asadi Fozi, M. (2018). Polymorphism of the
growth hormone gene and its effect on production and reproduction traits in goat. Iranian Journal of
Applied Animal Science, 8(4), 653-659.

Hasanpur, K., Nassiri, M., Hosseini Salekdeh, G., Vaez Torshizi, R., Pakdel, A., Kermanshahi, H., &
Naghous, M. (2016). The suitability of some blood gas and biochemical parameters as diagnostic tools
or early indicators of ascites syndrome in broiler sire lines. Journal of Animal Physiology and Animal
Nutrition, 100(3), 456-463.

Hasanpur, K., Nassiry, M., Hosseini Salekdeh, G., Vaez Torshizi, R., Pakdel, A., & Kermanshahi, H.
(2015). Association between early growth-related traits and ascites induced in broiler sire lines by saline
drinking water or cool temperatures. European Poultry Science/Archiv fiir Gefliigelkunde, 79, (99).

Hasanpur, K., Nassiry, M., Salekdeh, G. H., Torshizi, R. V., Pakdel, A., & Kermanshahi, H. (2015).
Influence of ascites syndrome on growth pattern of chickens reared at normal or cold ambient
temperature. Annals of Animal Science, 15(2), 373-385.

Karami, M., Hasanpur, K., Fayazi, J., Javanmard, A., & Varnaseri, H. (2021). The effect of successful
phenotypic selection against ascites syndrome on different traits in a commercial broiler line. Animal
Production, 23(4), 501-514.

Langmead, B. (2010). Aligning short sequencing reads with Bowtie. Current Protocols in Bioinformatics,
32(1), 1-24.

Li, H., Handsaker, B., Wysoker, A., Fennell, T., Ruan, J., Homer, N., Marth, G., Abecasis, G., Durbin, R.,
& Subgroup, G. P. D .P. (2009). The sequence alignment/map format and SAMtools. Bioinformatics,
25(16), 2078-2079.

Liaw, C. W., & Towle, H. C. (1984). Characterization of a thyroid hormone-responsive gene from rat.
Journal of Biological Chemistry, 259(11), 7253-7260.

McKenna, A., Hanna, M., Banks, E., Sivachenko, A., Cibulskis, K., Kernytsky, A., Garimella, K.,
Altshuler, D., Gabriel, S., & Daly, M. (2010). The Genome Analysis Toolkit: a MapReduce framework
for analyzing next-generation DNA sequencing data. Genome Research. 20, 1297-1303.

Moazeni, S., Mohammadabadi, M., Sadeghi, M., Moradi Shahrbabak, H., & Esmailizadeh, A. (2016).
Association of the melanocortin-3 (MC3R) receptor gene with growth and reproductive traits in
Mazandaran indigenous chicken. Journal of Livestock Science and Technologies, 4(2), 51-56.

Mohamadipoor Saadatabadi, L., Mohammadabadi, M., Amiri Ghanatsaman, Z., Babenko, O., Stavetska,
R., Kalashnik, O., Kucher, D., Kochuk-Yashchenko, O., & Asadollahpour Nanaei, H. (2021). Signature
selection analysis reveals candidate genes associated with production traits in Iranian sheep breeds.
BMC Veterinary Research, 17(1), 1-9.

Mohammadifar, A., & Mohammadabadi, M. (2018). Melanocortin-3 receptor (mc3r) gene association with
growth and egg production traits in Fars indigenous chicken. Malaysian Applied Biology, 47(3), 85-90.

Nematzadeh, R., Alijani, S., Hasanpur, K., Olyayee, M., & Shodja, J. (2022). Comparison of different
mathematical functions for fitting growth curves of ascitic and healthy broiler chickens. Ankara
Universitesi Veteriner Fakiiltesi Dergisi, 69(3), 289-295.

Rohallah, A., Mohammadreza, M. A., & Shahin, M. B. (2007). Kappa-casein gene study in Iranian Sistani
cattle breed (Bos indicus) using PCR-RFLP. pakistan Journal of Biological sciences, 10(23), 4291-
4294,

Rychlik, W. (2007). OLIGO 7 primer analysis software. PCR Primer Design, 35-59.

Shahdadnejad, N., Mohammadabadi, M., & Shamsadini, M. (2016). Typing of clostridium perfringens
isolated from broiler chickens using multiplex PCR .Genetics in the 3rd Millennium, 14(4), 4368-4374.

Spriet, L. L., Tunstall, R. J., Watt, M. J., Mehan, K. A., Hargreaves, M., & Cameron-Smith, D. (2004).
Pyruvate dehydrogenase activation and kinase expression in human skeletal muscle during fasting.
Journal of Applied Physiology, 96(6), 2082-2087.

Trapnell, C., Pachter, L., & Salzberg, S. L. (2009). TopHat: discovering splice junctions with RNA-Seq.
Bioinformatics, 25(9), 1105-1111

Untergasser, A., Cutcutache, 1., Koressaar, T., Ye, J., Faircloth, B .C., Remm, M., & Rozen, S. G. (2012).
Primer3—new capabilities and interfaces. Nucleic Acids Research, 40(15), el 15-el15.

Wang, Y., Guo, Y., Ning, D., Peng, Y., Yang, Y., & Liu, D. (2013). Analysis of liver transcriptome in
broilers with ascites and regulation by L-carnitine. The Journal of Poultry Science, 50(2), 126-137.


http://dx.doi.org/10.61882/rap.2025.1415
http://rap.sanru.ac.ir/article-1-1415-en.html
http://www.tcpdf.org

