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ARTICLE INFO ABSTRACT

The aim of this study was to identify the genetic diversity of TGF-f3 gene in Kedu chickens. The materials used
consisted of 10 Kedu chickens derived from different maternal parents. These methods included blood col-
lection, DNA extraction, gene amplification, sequencing, and data analysis. The parameters analyzed were the
number of segregating sites, types of mutations, amino acid alteration, allele frequencies, genotype frequencies,
Hardy-Weinberg Equilibrium (HWE), and heterozygosity values. Data analysis was performed using MEGA12
and DNASP v.6. The results showed that there were four mutation points in TGF-3 gene in Kedu chickens,
namely at sites 26, 89, 191, and 214. The HWE values for mutation point at sites 26 and 191 were 0.311, whereas
those mutation points at sites 89 and 214 were 0.028, indicating a deviation from equiblirium. The average
heterozygosity value in this study was 0.175, which was considered low. An amino acid alteration was observed
at site 214, where Serine was changed to arginine. In conclusion, Kedu chicken population exhibits low genetic
diversity based on the TGF-83 gene, as indicated by the number of segregating sites, genotype and allele fre-
guencies, HWE values, and heterozygosity values. The mutation point at site 214 results in an amino acid substi-
tution and has the potential to serve as a candidate genetic marker for the selection of carcass production traits.
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Introduction

As Indonesia’s population continues to grow, the demand for pro-
tein is increasing. Poultry farming accounts for approximately 60% of the
nation’s animal protein supply, particularly through chickens, including
local breeds. One of the most popular local chicken breeds among com-
munities is Kedu chicken. The Kedu chicken is an indigenous breed from
Central Java that is favored by traditional farmers due to its unique char-
acteristics, such as jet-black feathers, yellow legs, and tender meat. Orig-
inating from Kedu Village in Temanggung, Central Java, the Kedu chicken
is considered part of Indonesia’s valuable genetic resources (Ustadha et
al,, 2016). It is recognized as a dual-purpose breed, appreciated for both
meat and egg production. Its advantages include higher productivity
compared to other local breeds, a distinctive meat flavor, and significant
cultural value within local communities (Baharudin et al., 2019).

Broiler farming relies heavily on meat production to meet the grow-
ing consumer demand for high-quality animal protein. In addition to en-
vironmental influences, genetic factors play a crucial role in determining
carcass production in livestock. Genetics significantly affects production
traits and carcass quality, including the percentage of boneless meat, fat
layer thickness, and carcass size. In chickens, carcass yield is influenced
not only by genetic factors but also by final body weight, feed compo-
sition, and environmental conditions (Nurhidayat et al, 2020). This is
because livestock productivity cannot exceed its genetic potential, even
under optimal feed and management conditions. This highlights the im-
portance of implementing breeding programs through genetic selection,
particularly for improving carcass production traits in Kedu chickens.

The Transforming Growth Factor Beta 3 (TGF-f3) gene plays a vital
role in various biological processes in chickens, including growth, con-
nective tissue development, and immune response. TGF-3 is a member
of the receptor family and is involved in the regulation of growth and
development in poultry (Wu et al, 2020). The TGF-B3 gene is located

on chromosome 5, spans 13,997 bp, and comprises 7 exons and 6 in-
trons (Accession ID: 396438). This gene holds significant potential as a
candidate genetic marker for carcass traits in chickens and may support
selection and breeding programs for Kedu chickens. Furthermore, TGF-33
has been previously identified as a potential marker for growth traits in
broiler chickens (Hosnedlova et al., 2020).

Based on the reasons mentioned above, this study aimed to identify
the genetic diversity of the TGF-B3 gene in Kedu chickens. The signifi-
cance of this study lies in its potential to provide information on genetic
markers associated with carcass production, which may support selection
and breeding programs to improve carcass quality in Kedu chickens.

Materials and methods
Blood collection and DNA extraction

Blood samples from 30-day-old male Kedu black chickens with red
combs were collected in a volume of 3 ml via the brachial vein, located in
the wing area. The area was then disinfected using cotton soaked in alco-
hol. Blood was drawn using a 3 mL syringe and stored in a vacuum tube
containing EDTA to prevent coagulation and contamination. The EDTA
tubes were placed in a cooling box filled with ice gel to maintain a low
temperature.

DNA extraction was carried out using the gSYNC™ DNA Extraction
Kit, following the protocol for poultry blood samples. Electrophoresis was
conducted on a 1% agarose gel to confirm the presence of successfully
extracted DNA. The gel was then visualized using a gel documentation
system to verify the results.

Gene amplification, electrophoresis and sequencing

Amplification of the TGF-3 gene was carried out using PCR method
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by Benchmark TC 9639, with the extracted DNA serving as the template.
The PCR mixture consisted of 3 uL DNA template, 25 L MyTag HS Red
Mix, 1 pL each of forward (5'-TCAGGGCAGGTAGAGGGTGT-3') and reverse
(5'-GCCACTGGCAGGATTCTCAC-3') primers (Hosnedlova et al.,, 2020), and
20 pL PCR-grade water, all placed in a 50 pL PCR tube. The resulting PCR
product was 294 bp in length, covering partial intron 4, exon 5 and partial
intron 5. The PCR products were then electrophoresed on a 1% agarose
gel.

Electrophoresis was performed following DNA extraction and PCR
amplification to visualize the results. A total of 3ul of sample (gDNA or
amplicon) is mixed with 1ul of Loading Dye and loaded into the wells of
a 1% agarose gel using a micropipette. The DNA ladder was placed into
the final well after the samples. Electrophoresis was carried out at 100
volts for 20 minutes. The results were visualized under UV light using a
Gel Documentation System (GDS).

DNA sequencing in this study was conducted to determine the DNA
sequence of Kedu chickens that encode the TGF-3 gene. Sequencing
was carried out using the Sanger method by a private sequencing service
(1st Base, Singapore).

Data analysis

Sequencing data were analyzed using Molecular Evolutionary Genet-
ics Analysis version 12 (MEGA 12) to identify mutation points and amino
acid changes (Tamura et al.,, 2021). Genetic diversity analysis was conduct-
ed using DnaSP version 6 (Rozas et al., 2017). Nucleotide alignment of the
TGF-B3 gene was performed using the ClustalW program (Thompson et
al., 1994). Allele frequencies were calculated as follows:

FAi = (SAllele A)/(SAllele Ai+ " SAllele Bi+...+SAllele Ni)

where FAi represents the frequency of allele A at the ith locus (War-
wick et al., 1995). The mean heterozygosity was calculated using the fol-
lowing formula:

H=(1-%mqg?)/r

where g represents the allele frequency at each locus, m represents
the number of alleles, and r represents the number of loci (Nei, 1987).
The expected genotype frequencies were calculated based on the Har-
dy-Weinberg Equilibrium (HWE) theory using the following equations:

p? + 2pq + g* = 1 (for 2 alleles)
p? + 2pq + 2pr + g + 2qr + r2 = 1 (for 3 alleles)

where p represents the frequency of the first allele, q represents the
frequency of the second allele, and r represents the frequency of the
third allele (Falconer and Mackay 1996). HWE was assessed using the chi-
square (x?) test, which was applied to compare the observed and expect-
ed heterozygosity values:

X2 = Ji1(oi - ei)?/ei

where (x? represents the chi-square value, oi represents the ob-
served genotype frequency, and ei represents the expected genotype
frequency (Hartl and Clark, 1997).

Results

Based on the results of PCR, amplification of the TGF-3 gene in Kedu
chickens was successfully achieved, with an estimated fragment length
of approximately 300 bp (Fig. 1), consistent with the expected 294 bp
product from primer BLAST analysis. Electrophoresis visualization showed
that samples F, G, H, |, and J produced clear, bright, and thick DNA bands,
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while samples A, B, C, D, and E exhibited faint and thin bands. Sanger
sequencing was performed, and the diversity of the TGF-3 gene is sum-
marized in Table 1. The PCR product was 294 bp in length. After trim-
ming, 263 bp of sequence data were used for analysis. Alignment of ten
Kedu chicken sequences revealed four mutation points at positions 26,
89, 191, and 214. These included two singleton variable sites (positions
89 and 214) and two parsimony-informative sites (positions 26 and 191),
as shown in Table 2. Mutations at site 26 (G—A) resulted in genotypes GG
(Samples B, D, F, G, H, 1, J) and GA (Samples A, C, E); AA was not observed.
At site 89 (C—A), genotypes were CC (Samples A, B, D, E, F, G, H, |, J) and
CA (Sample C); AA was absent. At site 191 (C—T), genotypes included CC
(Samples B, D, F, G, H, I, J) and CT (Samples A, C, E); TT was not detected.
At site 214 (C—A), CC (Samples A, C, D, E, F, G, H, |, J) and CA (Sample B)
were found; AA was not present. Two types of nucleotide substitutions
were identified: transition mutations (G—A at site 26 and C-T at site 191)
and transversion mutations (C—A at sites 89 and 214). At each mutation
site, only two genotypes—one homozygous and one heterozygous—
were observed. No third genotype was present at any locus.

249190-1 249190-2

100bp

100bp

Fig. 1. Visualization of PCR results gen TGF- 3 using agarose gel electrophoresis

Table 1. Genetic Diversity of the TGF-f3 Gene in Kedu Chickens.

PCR Product Analyzed Mutation Point Location
Gene Lenath* Sequence S Si Pa
g Length Si Pa
TGF- B3 294 bp 263 bp 4 2 2 89,214 26, 191

*: The length of the simulated gene sequence based on primer blast, S: Segregating sites,
Si: Singleton, Pa: Parsimony

The analysis showed that at the 26th mutation site, there were two
alleles, G and A. The frequency of the G allele was 0.85, higher than the
A allele at 0.15. At the 89th mutation site, the two alleles were C and A,
with the C allele having a higher frequency (0.95) compared to the A allele
(0.05). At mutation site 191, the C allele frequency was 0.85 and the T allele
was 0.15. At site 214, the C allele was dominant at 0.95, while the A allele
was 0.05. The allele frequency data for the TGF-33 gene in Kedu chickens
is presented in Table 3. Genetic diversity in the Kedu chicken popula-
tion was evaluated based on heterozygosity values and Hardy-Weinberg
Equilibrium (HWE), determined using the chi-square test. The genotype
frequencies, chi-square values, and heterozygosity values for the TGF-53
gene are presented in Table 4. The average heterozygosity (H) was 17.5%,
with the highest individual heterozygosity values observed at mutation
points 26 and 191. The HWE value of the TGF-33 gene in Kedu chickens
was lower than the HWE values reported in previous studies.

Based on the analysis, mutations at sites 26 and 89 were located in
intron 4 of the TGF-3 gene. Since the intron region is not translated
into a protein, mutations at these positions did not result in amino acid
changes. Mutations at sites 191 and 214 were located in exon 5. The
mutation at site 191 was identified as a silent mutation, where the codon
change (from CTA to TTA) did not alter the resulting amino acid (leucine).
In contrast, the mutation at site 214 was a missense (non-synonymous)
mutation that led to an amino acid change. Specifically, the codon AGC
(coding for serine) was altered to AGA (coding for arginine) in sample B.
This change indicates a potential impact on the structure and function of
the protein encoded by the TGF-$3 gene. The mutation at site 214, there-
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fore, has the potential to cause variation in the expressed protein among
Kedu chicken samples.

Table 2. Types and Positions of Mutations in the 7GF-53 Gene

Mutation Site Chromatogram Mutation Type
GA
AAGCo T A AA
g 227(; 1% Transition
G—A
Samples B. D, F, G, H, 1 T SamplSs 456 E
cc AC
et ¥receca GTTT B EGRTE -
g.li?ﬁ* Transversion
C—A
Samples A B, D, E. F, G, H, I, S’““PI”C
cc eI
= AR
G AT G C A'c ¢ Tr
g.Zl‘)93l6* Transition
G=T
Samples B. D, F, G, I 1, J Samples A, C, E
cc CA
e Ao leA e ena
g.229];9* Transversion
C—A
T ,
Samples A, C. D, E, F.G, H, 1, Sample B
*: Sequence based on GenBank (Accession number: X60091)
Table 3. Allele Frequency of the 7GF-f3 Gene
Mutation Site Allele Frequency
26 G 0,85
2.2771* G>A A 0,15
89 C 0,95
2.2833*% C>A A 0,05
191 C 0,85
2.2936* C>T T 0,15
214 C 0,95
2.2959*% C>A A 0,05

*: Sequence based on GenBank (Accession number: X60091)

Discussion

The successful amplification of the TGF-3 gene fragment (~300 bp)
using PCR and its match with the predicted 294 bp from primer BLAST
confirms the specificity of the primers used. The use of Sanger sequenc-
ing was appropriate for this fragment size, as the method is reliable for
detecting nucleotide base mutations within sequences up to 1000 bp
(Gomes and Korf, 2018). The clarity of DNA bands in samples F to J indi-
cates high DNA quality and quantity, as described by Yulianti et al. (2024).
Conversely, faint and thin bands in samples A to E likely reflect low DNA
concentration (Herman et al, 2018). The sequencing success was likely
influenced by multiple factors including primer quality, amplicon length,
and concentration (Crossley et al., 2020).

The identification of four mutation points—including both singleton
variable sites and parsimony-informative sites—suggests moderate se-
quence variability in the TGF-33 gene. According to Panigrahi et al. (2025),
segregating sites indicate nucleotide base variation, while Persada et al.
(2021) define singleton variable sites as variants that appear only once in
the sample set. Positions 89 and 214 matched this description. Positions
26 and 191, where variation occurred in more than one sample, meet the
criteria for parsimony-informative sites (Warseno et al., 2022). Transition
mutations identified in this study (G—A and C-T) reflect purine-to-pu-
rine or pyrimidine-to-pyrimidine changes, in line with Wulandari (2019),
while transversion mutations (C—A) represent purine-to-pyrimidine sub-
stitutions (Syaikhullah et al., 2017).

The absence of one genotype at each mutation site suggests a devi-
ation from Hardy-Weinberg equilibrium, possibly due to selective pres-
sures. According to Afriani et al. (2022a), genotype frequency imbalances
may result from selection, mutation, migration, or genetic drift. In this
study, artificial selection in livestock production systems such as that in-
volving Kedu chickens may have contributed to the loss of certain geno-
types. Breeding preferences for superior traits likely led to the elimination
of less favorable genotypes. Furthermore, genetic drift due to reduced
population size, inbreeding, or disease could also explain the absence of
homozygous minor genotypes, as suggested by Schmenger et al. (2022),
who noted that such genotypes may be eliminated if they confer lower
fitness or survivability.

The observed allele frequencies showed that at all four mutation
sites (26, 89, 191, and 214), one allele was consistently more dominant,
while the other was minor. These findings differ from those of previous
studies. For instance, Hosnedlova et al. (2020) reported that Hubbard
F15 chickens had equal allele frequencies for C and A (0.5 each), while
Cobb E chickens had C (0.6489) and A (0.3511) at the TGF-f33 locus, based
on SNP g.2833 which is equivalent to the mutation at site 89 in present
study. Khaerunnisa and Sumantri (2020) also found variation in allele fre-
quencies: in native and Cobb chickens, the frequencies were C (0.42) and
A (0.588), and C (0.65) and A (0.35), respectively. In crossbred native x

Table 4. Genotype Frequency, Chi Square, and Heterozygosity of the 7GF-f3 Gene.

Mutation site Genotype Freq. Obs. Exp. HWE h H
. GG 0,7 7 7,25

GA 03 3 2,55 X2=0311 0,255

* 9 £l » >

22771% G>A A 5 o 0905
% cc 0,9 9 9,025

CA 0,1 1 0,95 X2 =0,028 0,095
g.2833% C>A AA 0 0 0,025

0,175

101 cc 0,7 7 7,25

CT 03 3 2,55 X2=0311 0,255
g2936* C>T TT 0 0 0,225
- cc 0,9 9 9,025

CA 0,1 1 0,95 X2 =0,028 0,095
8:2959% C>A AA 0 0 0,025

h: individual heterozygosity, H: average heterozygosity, Freq: genotype frequency, Obs: number of individuals observed, Exp: number of individuals expected, HWE: Hardy-Weinberg

Equilibrium, *: sequence based on GenBank (Accession number: X60091).
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Cobb chickens (F1), frequencies were C (0.40) and A (0.60), and in F1 x
F1 crosses, they were C (0.35) and A (0.65). The difference between this
study and prior findings may be due to the limited number of genotypes
observed in the current Kedu chicken population, which consisted of only
two genotypes per locus. This suggests the presence of strong selection
pressures acting on the population.

The presence of dominant and minor alleles, along with the absence
of certain homozygous genotypes such as AA at g.2771, g.2833, and
g.2959 or TT at g.2936, is consistent with the effects of genetic drift. Ac-
cording to Fauziah et al. (2025), genetic drift refers to random fluctuations
in allele frequencies, which may lead to the disappearance of specific ge-
netic variants and a reduction in overall genetic variation. This aligns with
the view of Lenart et al. (2022), who emphasized that genetic drift is a
macro-evolutionary process that can cause allele fixation and the loss of
alternative alleles across generations.

The allele frequencies observed in this study also indicated that the
TGF-B3 gene in Kedu chickens is polymorphic. This is supported by Afriani
et al. (2022a), who stated that an allele is considered polymorphic if its
frequency is less than 0.99. Moreover, allele frequency is influenced by
several evolutionary forces, including selection (both natural and artifi-
cial), mutation, migration, genetic drift, and random mating. Fauziah et
al. (2025) further explained that high allele frequencies typically result
from adaptive advantages due to natural selection, while low frequencies
may reflect poor survival or reproductive capacity associated with certain
alleles.

The use of the chi-square test in this study to assess Hardy-Weinberg
equilibrium is consistent with Afriani et al. (2022b), who stated that the
equilibrium and deviation of data based on Hardy-Weinberg expectations
can be evaluated using chi-square analysis. The lower HWE value ob-
served in Kedu chickens compared to other breeds may indicate a devia-
tion from Hardy-Weinberg equilibrium. Hosnedlova et al. (2020) reported
HWE values of 0.1639 in Hubbard F15 chickens and 1.00 in Cobb E chick-
ens. Such deviations in the Kedu chicken population could be influenced
by factors such as artificial selection, genetic drift, inbreeding, or popula-
tion substructure. The heterozygosity value of 17.5% reflects a relatively
low level of genetic diversity in the TGF-$3 gene. High heterozygosity
generally suggests greater genetic variation, providing more opportuni-
ties for natural or artificial selection to act on beneficial traits. This aligns
with the statement by Munthe et al. (2024), who emphasized that greater
genetic diversity enhances the potential for selecting superior genotypes.
Conversely, lower heterozygosity implies that the environment may play
a more significant role than genetic variation in shaping traits. The low
heterozygosity values observed here suggest limited genetic variability,
which can restrict the adaptive potential and effectiveness of selection
within the population. Therefore, factors such as sample size, breed char-
acteristics, and population structure, as noted by Nugroho et al. (2016),
must be considered in conservation and breeding strategies aimed at
maintaining or increasing genetic diversity.

Mutations located in intron 4 at sites 26 and 89 do not contribute
to protein variation because introns are not translated during the pro-
tein synthesis process. This finding is consistent with the explanation
by Agoes et al. (2016), who stated that during translation, only exon re-
gions are transcribed and translated into amino acids, whereas intronic
regions are removed during mRNA processing. The mutation at site 191,
although located in exon 5, was a silent mutation. This means that despite
a nucleotide substitution (CTA to TTA), both codons encode the same
amino acid, leucine. This type of mutation is explained by Nandariyah et
al. (2023) as a change that does not alter the resulting protein due to the
degeneracy of the genetic code, where different codons can code for the
same amino acid.

Conversely, the mutation at site 214 was a missense mutation, which
does result in a change in the amino acid sequence—from serine (AGC) to
arginine (AGA). This finding is supported by Rahayuningsih et al. (2016),
who describes missense mutations as genetic alterations in which one
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amino acid is replaced by another, potentially affecting the resulting pro-
tein. The chemical nature of this substitution is notable: serine is an un-
charged polar amino acid, while arginine is positively charged and polar.
This substitution may influence the hydrogen bonding capability, protein
folding, or protein—protein interactions, potentially altering the biological
function of the TGF-[33 protein. This interpretation is aligned with Stryer et
al. (2002), who emphasized the structural and functional impact of amino
acid changes on proteins. Therefore, the mutation at site 214 could play
a significant role in functional variation of the TGF-S3 protein in Kedu
chickens. This supports the potential of TGF-B3 as a candidate genetic
marker for traits such as carcass quality or production performance in
local chicken breeds.

Conclusion

Kedu chicken population exhibits low genetic diversity, as reflected
by the limited number of segregating sites, the predominance of two
genotype types per locus, skewed allele frequencies, deviation from Har-
dy-Weinberg Equilibrium, and low heterozygosity values based on the
TGF-B3 gene analysis. Four mutation sites were identified in the TGF-33
gene (positions 26, 89, 191, and 214), with the mutation at position 214
resulting in an amino acid substitution. This non-synonymous mutation
may influence the structure and function of the encoded protein, high-
lighting its potential as a candidate genetic marker for carcass trait se-
lection in Kedu chicken breeding programs. These findings underscore
the importance of genetic monitoring and conservation strategies to
maintain and improve the genetic resources of indigenous chicken pop-
ulations.
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