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The phenotypic characterization, genetic variation and proteomic analysis of three main male chicken (Gallus 
gallus) breeds were investigated. These included hybrid red jungle fowl with the native chicken breed (Kai-
Tor), white tail yellow chicken (WTYC) and commercial layer hen (HL). A phenetic analysis found that two 
major clades were observed in which the first two clades of Kai-Tor (clade A) and HL (clade B) were related. 
Meanwhile, WTYC was distinctly separated from the others. In terms of genetic diversity, three haplotypes 
were observed with 0.343 ± 0.097 of haplotypes diversity (Hd). The nucleotide diversity (Pi) of all samples 
was 0.00057 which conformed to low genetic diversity. In terms of protein characterization, two potential 
protein biomarkers were found in Kai-Tor serum samples namely 1) ATP-dependent RNA helicase DHX34 
(DHX34; Accession number: XP_015128539.1) and 2) histone-lysine N-methyltransferase SETDB1 isoform 
X6 (SETDB1; Accession number: XP_015135538.1). Only one biomarker peptide was detected in HL (Cell 
division cycle 7-related protein kinase; CDC7; Accession number: XP_422347.5) as well as in WTYC (Bloom 
syndrome protein; BLM; Accession number: Q9I920).
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1.	INTRODUCTION

Chickens (Gallus gallus) are broadly distributed around the world. 
The origin of chickens indicating that red jungle fowl was the direct 
ancestor of the chicken as suggested by the comparison of morphology 
and progeny production between species of Gallus [1]. 

In Thailand, chickens were bred as meat and egg types. Examples of 
the meat types are Kai-Tor and White-Tail Yellow Chicken (WTYC). 
Kai-Tor is a hybrid of red jungle fowl and native chicken breed which 
is very close to the origin of chicken. In addition, commercial layer 
hen (HL) is the example of stable egg type breed. However, the genetic 
potential of all chicken breeds has not been revealed extensively. 
Generally, morphological traits such as the earlobe, plumage color, 
feathering pattern etc. have been used to characterize the local chickens. 
A study using genetic variation was limited. DNA barcoding is a 
new technique for species identification. The genes most commonly 
used for species identification are cytochrome c oxidase I (COI) and 
Cytochrome b (cyt b) [2]. To date, it has also been reported that the 
mitochondrial DNA (mtDNA) gene hyper-variable displacement 

loop (D-loop) can be used as a DNA barcoding. MtDNA D-loop 
sequences have been successfully used to determine phylogenetic 
relationships, genetic distance and describe variation in wild ancestors 
and domesticated breeds in serval species such as cattle [3], goat [4], 
and horse [5]. In chicken, D-loop sequences have also been used to 
reveal the genetic diversity of Japanese native chicken [6], Indonesian 
indigenous chicken breed [7] and China native chicken [8].

Recently, modern techniques for determination of phylogenetic 
relationship and genetic variation have been developed. Identification 
of potential biomarkers is important for the determination of different 
chicken breeds. Several attempts have been made to identify the 
potential peptidome biomarkers in different chicken breeds. However, 
limited data on peptidome biomarkers are available. Identification and 
characterization of proteins and subsequent analysis of their functions 
are the initial step in better understanding the classification of genetic 
variation of different chicken breeds. Highly complex protein mixtures 
can be analyzed for proteomic purposes by liquid chromatography 
coupled with tandem mass spectrometry (LC−MS/MS). 

This research aimed to determine the variations using a morphological 
trait, genetic diversity of D-loop barcodes, identifying protein profiles 
using proteomic with LC/MS-MS. This is to confirm the genetic 
diversity and relationship of three types of different chicken breeds 
(Kai-TOR, WTYC, and HL) found in Thailand. 
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2.	MATERIALS AND METHODS 

2.1. Sampling and data collection
Three major adult male chicken breeds (G. gallus) including HL, Kai-
Tor, and WTYC (Figure 1) were gathered from the farms in Phitsanulok 
province, Thailand. Total of 150 chickens (50 of each breed) were used 
for the morphological study. Thirty samples were available for genetic 
analysis. In addition, a single putative sample in each chicken breed 
was selected for protein identification and characterization. Chicken 

blood was collected by bleeding from the wing vein venipuncture 
using a sterile syringe and kept in blood collection tubes, then stored 
at 4°C. Blood samples (1 mL) were mixed with 0.5 mL anticoagulant 
solution [Ethylene Diamine Tetraacetic Acid; (EDTA)] and then used 
for genetic analysis. For proteomic analysis, blood samples (1.5 
mL) without anticoagulant solution were used. Blood samples were 
allowed to clot at 37°C for 2 hrs prior to serum collection. Serums 
were separated by low-speed centrifugation and then kept at -80°C 
until used.

Figure 1: Three different adult chicken breeds. (a) Commercial layer hen (HL); (b) Hybrid red jungle fowl with native chicken breed (Kai-Tor) and (c) White tail 
yellow chicken (WTYC).

2.2. Selection of morphological characters for a phenetic 
relationship
 Based on the numeric taxonomic study, 18 qualitative morphological 
characters (Table 1) were chosen and measured for each of the 50 
specimen samples. All characters were converted into binary states 
and multi-states (interval) code. Neighbor-joining (NJ) tree [9] was 

employed for cluster analysis; correlation coefficients served as a 
measurement of the similarity between each Operational Taxonomic 
Unit (OUT)-pair. The character states scored and analyzed as binary 
characteristics (0-1). The formation of groups was depending on 
the values of similarity. All computations were carried out using the 
NTSYS-pc version 2.02e program [10].

Table 1: Morphological characters, state and code of G. gallus under observation.

No. Character The State of Character and its (code)

1. Beak Narrow (0), Wide (1)

2. Beak length Short (0), Long (1)

3. Beak color Without white (0), White (1)

4. Earlobe Without white (0), White (1)

5. Basement of upper peak to occipital No single comb (0), Single comb (1)

6. Wattle Short (0), Long (1)

7. Head Short (0), Long (1)

8. Hair at head Without white spot (0), White sport (1)

9. Hair at earlobe Without white spot (0), White sport (1)

10. Hair at the wing Without white spot (0), White sport (1)

11. Hair at the beginning of the wing Without white spot (0), White sport (1)

12. Hair at the shank Without white spot (0), White sport (1)

13. Hair at the beginning of the shank Without white spot (0), White sport (1)

14. Shank color Without white spot (0), White sport (1)

15. Nails color Without white spot (0), White sport (1)

16. Shank length Short (0), Long (1)

17. Hair at the tail Without white spot (0), White sport (1)

18. Tail Not raised (0), Raised (1)
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2.3. Genetic analysis using mtDNA sequences

2.3.1. DNA extraction, amplification, and sequencing
The genomic DNA from each individual whole blood samples (30 
individuals in total) was extracted using QIAamp® DNA Blood 
Mini Kit (Qiagen, Germantown, MD, US; #51104) according to the 
manufacturer’s instructions. The yields of total DNA were measured 
using spectrophotometer with the absorption at 260/280 nm. A 648 
bp fragment of the partial mitochondrial DNA (partial D-loop, tRNA-
phe, and partial 12s ribosomal RNA) was amplified by PCR using a 
primer pair, forward (bar2 5′- TCA AGT GAA GCC TGG ACT AC-3′) 
and reverse primers (bar2 5′- TGC GGA TAC TTG CAT GTA TAT-
3′) [8]. Each PCR reaction was performed using a final volume of 
20 µL containing 13.44 µL of sterile ultrapure water, 2.0 µL of 10X 
buffer, 1.0 µL of 1.8 mM MgCl2, 0.8 units of Taq polymerase (0.76 
µL), 0.4 µL (0.2 mM) of each primer and 2.0 µL of DNA template. 
The optimized PCR amplification program was composed of 3 min at 
94 °C followed by 35 cycles of 40 s at 94°C, 30 s at 52°C and 45 s at 
72°C, and 45 s at 72°C, and finally 5 min at 72°C. PCR products were 
visualized under UV light following electrophoresis on an ethidium 
bromide stained 1% agarose gel. Each PCR product was purified using 
GeneJET PCR purification and gel extraction kit (Thermo scientific 
Inc, USA) according to the manufacturer’s instructions and directly 
sent to Macrogen Inc., Seoul, Korea for sequencing (http://www/
macrogen.com). 

2.3.2. Sequences alignment, genetic and diversity indices
Similarity search for each partial mtDNA sequence was verified using 
BLAST (https://www.ncbi.nlm.nih.gov/). Then all sequences were 
initially aligned and edited using MEGA7.0 program [11]. All mtDNA 
sequences were finally trimmed to 648 base pairs and deposited 
in GenBank under accession numbers MH366541- MH366570 
Afterwards, The extents of genetic variation were determined as the 
average number of nucleotide difference (k), number of haplotypes 
(No.), haplotype diversity (hd), nucleotide diversity (Pi) and Tajima’s 
D test by using DnaSP version 5.10.01 program [12].

2.4. Proteomic analysis using LC-MS/MS technique
Serums were isolated using a 10 KDa cut off column (Pall 
Corporation, NY, USA). Serum samples (200 µL) were loaded into 
and separated from the column by centrifugation at 7,000g for 30 
min. The separated serums were concentrated using a vacuum 
concentrator and treated with buffer I (10 mM each of dithiothreitol 
and ammonium bicarbonate) and buffer II (100 mM iodoacetamide 
and 10 mM ammonium bicarbonate) for carbamidomethyl reaction 
at room temperature. The reaction was terminated by the addition 
of buffer I. Finally, serum was digested with trypsin (10 ng trypsin 
in 50% acetonitrile and 10 mM ammonium bicarbonate) through an 
overnight incubation at room temperature and samples were injected 
into LC-MS/MS. The data obtained from LC-MS/MS were determined 
using DeCyder MSTM (Amersham Bioscience AB, Uppsala, Sweden) 
and MASCOT (http://www.matrixscience.com) programs. Gene 
ontology and signaling pathways were detected using STRAP (Vivek 
Bhatia, Boston University School of Medicine) and PANTHER 
(http://www.pantherdb.org) in accordance with the instructions of Mi 
et al. [13]. The metabolic, regulatory and biosynthesis of secondary 
metabolites pathways were analyzed using ipath (http://pathways.
embl.ed/iPath2.cgi) according to recommendations of Yamada et 
al. [14]. Lastly, all chicken serums were investigated to identify the 
potential biomarkers.

3.	RESULTS AND DISCUSSIONS

3.1. Morphological characters for a phenetic relationship
From the morphological data, NTSYS-pc program clearly suggested 
that two major clades namely, Kai-Tor clade (A) and HL clade (B) 
were obviously seen. Meanwhile, the group of WTYC was clearly 
classified as an outgroup (Figure 2). Herein, it was revealed that the 
Kai-Tor group (clade A) is found to be correlated with HL group (clade 
B) at 15.04% similarity level. Perversely, the chicken breeds in clades 
A + B were distinctively separated from outgroup with only 1.47% 
of similarity coefficient. Additionally, in terms of the coefficient of 
similarity within chicken breeds, it was somewhat fair. The similarity 
within a breed was 41.80% in HL. While the similarity within Kai-
Tor ranged from 16.50-45.00% similarity. Interestingly, the coefficient 
held moderate values in HL. It might be stated that some phenotypic 
variations still existed among the population. In contrast, there were 
numerous variations in terms of external morphological traits of Kai-
Tor breed resulted in the diversified sub-clades within this clade. 
Although the use of qualitative traits alone could cluster the variety of 
chicken in this study, quantitative features concerning morphometries 
should be further conducted. Moreover, the use of the numerical 
technique to evaluate the taxonomic status among species in the genus, 
Gallus, i.e. G. gallus, G. lafavettei and G. sonneratii should be carried 
out in the future.

Figure 2: Dendrogram showing the clustering of three chicken breeds based on 
qualitative morphological trait using the NJ method.

3.2. mtDNA sequence analysis 
The total of 648 bp of mtDNA control region fragments after removing 
the primers used for the PCR amplification were successfully 
sequenced from G. gallus samples. Nucleotide composition of mtDNA 
was detected to be A = 30.6%, T = 34.1%, C = 22.8% and G = 12.5%. 
Sub-consequently, the transition/transversion rate ratios were k1 = 
27.834 (purines) and k2 = 0 (pyrimidines). The overall transition/
transversion bias was R = 4.331, where R = [A × G × k1 + T × C × k2]/
[(A + G) × (T + C)]. Like the mtDNA gene of other chickens, all PCR 
products of mtDNA of G. gallus from all collecting sites were high A 
+ T content (average of 64.7%), computed from the total amounts of 
nucleotides in the obtained sequences. Three chicken breeds (Kai-Tor, 
HL and WTYC) exhibited variation in overall frequency distribution 
of nucleotides 1st, 2nd and 3rd codon positions with the following 
proportions; A = (28.7, 28.7 and 28.7%), (30.1, 30.1 and 30.1%) and 
(33.1, 32.9 and 32.9%); C = (23.1, 23.1 and 23.1%), (21.3, 21.3 and 
21.3%) and (24.1, 24.1 and 24.1%); G = (12.0, 12.0 and 12.0%), 
(11.6, 11.6 and 11.6%) and (13.7, 13.9 and 13.9%) and T = (36.1, 
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36.1 and 36.1%), (37.0, 37.0 and 37.0%) and (29.2, 29.2 and 29.1%). 
Nonetheless, the overall frequency distributions of nucleotides at the 
1st, 2nd and 3rd codon positions were as follows: A = 28.7%, 30.1% and 
33.0%; C = 23.1%, 21.3% and 24.1%; G = 12.0%, 11.6% and 13.8% 
and T = 36.1%, 37.0% and 29.2%, respectively (data not shown). 
Herein, the A + T nucleotide bias reported in the animal mitochondrial 
genome [15] was also found in the G. gallus mtDNA sequences, as 
also detected from former investigation on chickens [16].

3.3. Genetic diversity
Three mtDNA-haplotypes of G. gallus populations were detected in this 
study (Table 2). Based on the variable sites of the bar2 haplotype, only 
two polymorphic (segregating) sites (S) were encountered in which 
they were considered as A/T transversions (S, 81 in Kai-Tor, 363 in 
WTYC) (data not shown). In terms of Hd which inferred from mtDNA 
sequences (partial D-loop, tRNA-phe and partial 12s ribosomal RNA), 
it valued 0.343 ± 0.097 and ranging from 0.000-0.545. The Pi of all 
samples for mtDNA sequences was 0.00057, ranging from 0.0000-
0.00088. The average number of k or nucleotide differences from 
mtDNA gene sequences was 0.354. For all three varieties of chicken, 
Tajima’s D statistics for neutrality test was not significant (p > 0.05). 
Samples from HL possessed the lowest nucleotide diversity (0.0000), 
while samples from Kai-Tor had the highest nucleotide diversity 
(0.00088) (Table 2). In addition, the haplotypes in both Kai-Tor and 
WTYC were shared with HL, indicating that these chicken strains had 
a similar hereditary. It has been reported [17] that Thai indigenous 
Leung-hang-khao chicken could be used for comparing with WTYC in 
our present investigation. The values based on the averaged haplotype 
and nucleotide diversities from the former study were about 0.8179 
and 0.00563. However, this research found relatively lower genetic 
diversity than those reported previously [17] because of a limited 
number of WTYC used in this study.

Table 2: Statistics information of mtDNA1 barcode in 3 different chicken 
breeds.

Breeds No. Haplotypes Haplotype 
diversity (Hd)

Average 
number of 
nucleotide 

differences (K)

Nucleotide 
diversity 

(Pi)

HL 12 1 0 0 0

Kai-Tor 11 2 0.545 ± 0.005 0.545 0.00088

WTYC 7 2 0.286 ± 0.196 0.286 0.00046

 Total 3 0.343 ± 0.097 0.354 0.00057

1mtDNA = Partial mtDNA Sequences (partial D-loop, tRNA-phe and partial 
12s ribosomal RNA). 
HL = Commercial layer hen, Kai-Tor = Hybrid red jungle fowl with the native 
chicken breed, WTYC = White tail yellow chicken.

According to Cui et al. [8], two main sequences of the mtDNA gene of 
Chinese indigenous breeds were analyzed for genetic diversity using 
bar1 and bar2 as primers. Bar1 of all chicken breeds exhibited two 
haplotypes, one of which was merely observed in Lingnan yellow 
broilers, which could provide a basis for various identifications, 
whereas the other one was seen in all chicken breeds. On the other 
hand, in bar2, the total of four polymorphic sites and eight haplotypes 
were also recorded. It was revealed that Pi in both bar1 and bar2 
sequences of mtDNA valued 0.00006 (0.00000-0.00006) and 0.00328 
(0.00102 to 0.00305) respectively. In the same manner, the bar1 
sequence of mtDNA had lower polymorphism compared to bar2 as 
seen in this analysis. It has been speculated that the mtDNA gene 

was an effective tool because the DNA taxonomic study of bar2 
corresponded to morphological traits in four native chicken breeds as 
reported elsewhere [8]. Hence, the use of bar2 as a primer for DNA 
barcoding to identify indigenous chicken breeds was a better choice.

In addition, Yushi et al. [18] also applied two sequences (bar1 and 
bar2) as DNA barcoding in identifying six Chinese native chicken 
breeds. It illustrated that the bar1 sequence was worth to identify these 
chicken breeds. The results disclosed that the bar1 sequence of mtDNA 
exhibited high polymorphism and had 24 SNPs and 24 haplotypes, 22 
of which were specific for six chicken breeds. Meanwhile, the analysis 
of bar2 sequences has demonstrated that they were low polymorphism 
and contained 5 SNPs, 5 haplotypes and no special site in most chicken 
breeds. They suggested that the bar1 sequence should be better adopted 
for analysis of genetic variation among chicken population [18]. 

3.4. Serum peptides
Total peptides obtained from LC-MS/MS analysis. All MS/MS spectra 
were searched through protein databases. The same proteins (820 
peptides) were found in all serum samples. While the total peptides 
of 833, 833 and 828 were identified in Kai-Tor, WTYC, and HL 
respectively.

In addition, Figure 3 represented properties of the identified proteins. 
It was classified that proteins were related to cellular process proteins 
(26%), metabolic process (21%), biological regulation (12%), response 
to stimulus (9%), developmental process (9%), localization (6%), 
biogenesis (6%), multicellular organismal process (5%), locomotion 
(2%), reproduction (2%), biological adhesion (1%), immune system 
process (1%), growth (0.5%) and rhythmic process (0.2%).

Figure 3: A pie chart showing the functional categories of serum peptide of G. 
gallus that matched proteins in public databases.

Figure 4: Identification of potential biomarkers from serum peptidome of HL 
= Commercial layer hen, Kai-Tor = Hybrid red jungle fowl with the native 

chicken breed, WTYC = White tail yellow chicken.
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3.5. Identification of potential biomarkers from serum 
peptidome
Figure 4 shows the potential biomarkers from serum peptidome. Total 
833 peptides, two peptides namely Histone-lysine N-methyltransferase 
SETDB1 isoform X6 (SETDB1; Accessions number: XP_015135538) 
and ATP-dependent RNA helicase DHX34 (DHX34; Accessions 
number: XP_015128539.1) were detected in serum samples of the 

Kai-Tor, but not in HL and WTYC. Only one peptide was specifically 
detected in serum samples of HL but not in Kai-Tor and WTYC. This 
included cell division cycle 7-related protein kinase isoform X2 (G. 
gallus) (CDC7; Accessions number: XP_422347). Finally, one peptide 
namely bloom syndrome protein homolog (RecQ helicase homolog) 
(BLM; Accessions number: Q9I920) (UniProtID No. Q91920.2) was 
specifically detected in serum samples of WTYC but not in Kai-Tor 
and HL.

Table 3: Identified protein from three different chicken breeds.

Protein Name Accession number Peptide HL Kai-Tor WTYC Log2 Fold 
Change

ATP-dependent RNA helicase 
DHX34 [Gallus gallus] XP_015128539.1 VKEMSYDPQCK 0 16.28908 0 16.28908

Histone-lysine N-methyltransfer-
ase SETDB1 isoform X6 [Gallus 

gallus]
XP_015135538.1 FDNKGK 0 14.70679 0 14.70679

Bloom syndrome protein homolog Q9I920 FRGMK 0 0 13.634 13.634

Cell division cycle 7-related 
protein kinase isoform X2 [Gallus 

gallus]
XP_422347.5 SHGDVPSK 20.07757 0 0 20.07757

Chain D, Mitochondrial creatine 
kinase 1CRK_D TVHEKRKLFPPSADYPDLR 0 15.39204 18.18055 -2.78851

Fibroblast growth factor 
receptor-like 1 precursor [Gallus 

gallus]
NP_989787 QWAQPR 0 15.63222 16.234 -0.60178

Von Willebrand factor A 
domain-containing protein 5B2 

isoform X3 [Gallus gallus]
XP_015147040.1 LKAMQTSK 0 18.13028 18.19786 -0.06758

E3 ubiquitin-protein ligase 
HERC1 isoform X7 [Gallus 

gallus]
XP_015134419.1 TMVQGK 0 16.23437 15.59594 0.63843

DTW domain-containing protein 
1 [Gallus gallus] XP_015147498.1 KSGRSK 0 15.20754 16.45818 -1.25064

Myosin heavy chain, skeletal 
muscle, adult isoform X1 [Gallus 

gallus]
XP_015150707.1 TPGKR 0 13.17836 14.2415 -1.06579

F-box only protein 47-like, partial 
[Gallus gallus] XP_015158147.1 CTLLLPTKDR 0 16.36266 18.06028 -1.69762

Leucine-rich PPR motif-contain-
ing protein, mitochondrial [Gallus 

gallus]
XP_001234903.3 AGEPVPFTEPPESFK 13.12044 0 17.8779 4.75746

Glutaredoxin-like protein C5orf63 
homolog [Gallus gallus] XP_015136016.1 MVQLLPTSAR 15.14528 0 16.45678 1.3115

Nuclear cap-binding protein 
subunit 3 Q5ZM19 TAEKNKK 15.45617 0 14.54935 -0.90682

Beclin 1-associated autophagy-re-
lated key regulator [Gallus gallus] XP_015143410.1 HNRKLGDLVEK 15.55265 0 14.01918 -1.53347

Exocyst complex component 4 
isoform X1 [Gallus gallus] XP_015140026.1 AAGEAVGR 16.77197 15.31934 0 -1.45263

Charged multivesicular body 
protein 2a-like [Gallus gallus] XP_015129892.1 GGAGG 16.78742 16.64873 0 -0.13869

Mucin-4 isoform X4 [Gallus 
gallus] XP_015146938.1 ATGPGVR 17.68621 17.44468 0 -0.24153

Moreover, Table 3 represents the protein profile expression levels. 
Protein names which were identified to be significantly up-regulated or 
down-regulated by proteomic experiment were shown in this table. The 
analysis focused on proteins at least ± 2 folds in different chicken breeds 
compared with the Kai-Tor breed. The relative abundances of peptides 
were expressed as log2 intensities. Refers to Table 3, seven peptide 
namely 1) chain D, mitochondrial creatin kinase (CRKD; Accession 
number: 1CRK_D), 2) fibroblast growth factor receptor-like 1 precursor 

(FGFRL1; Accession number: NP_989787), 3) Von Willebrand factor A 
domain-containing protein 5B2 isoform X3 (VWF; Accession number: 
XP_015147040.1), 4) E3 ubiquitin-protein ligase HERC1 isoform X7 
(HERC1; Accession number: XP_015134419.1), 5) DTW domain-
containing protein 1 (DTWD1; Accession number: XP_015147498.1), 
6) myosin heavy chain, skeletal muscle, adult isoform X1 (MYH3; 
Accession number; XP_015150707.1) and 7) F-box only protein 
47-like, partial (FBX047; Accession number;:XP_015158147.1) 
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were specifically detected in serum samples of Kai-Tor and WTYC. 
The protein profiles expression values of these proteins in WTYC 
were higher than Kai-Tor approximately 2.78851, 0.60178, 0.06758, 
1.25064, 1.06579 and 1.69762 folds, respectively. While the protein 
profiles expression values of E3 ubiquitin-protein ligase HERC1 
isoform X7 (Accession number; XP_015134419.1) in WTYC were 
lower than Kai-Tor approximately 0.63843 fold. FGFRL1 plays a major 
role in binding to FGF and this protein may affect the endochondral 
ossification which involves a cartilage intermediate [19]. In addition, 
myosin heavy chain is involved the skeletal muscle. Toydemir et al. 
[20] revealed that MYH3  mutations interfere with myosin’s catalytic 
activity. These results added to the growing body of evidence showing 
that congenital contractures are a shared outcome of prenatal defects 
in myofiber force production. Accordingly, the higher level of protein 
profiles expression of these proteins in WTYC inferred to morphology 
difference in other species. Two peptides namely 1) leucine-rich PPR 
motif-containing protein, mitochondrial (LRPPRC; Accession number: 
XP_001234903.3) and 2) glutaredoxin-like protein C5orf63 (C5orf63; 
Accession number: XP_015136016.1) were detected in serum samples 
of WTYC and HL. The protein profiles expressions of these proteins 
in HL were lower than WTYC approximately 4.75746 and 1.3115 
fold. Three peptides namely 1) exocyst complex component 4 isoform 
X1 (EXOC4; Accession number: XP_015140026.1), 2) charged 
multivesicular body protein 2a-like (CHMP2A; Accession number: 
XP_015129892.1) and 3) mucin-4 isoform X4 (MUC4; Accession 
number: XP_015146938.1) were found in serum samples of Kai-Tor 
and HL. The protein profiles expressions of these proteins in HL were 
higher than Kai-Tor approximately 1.45263, 0.13869 and 0.24153 folds. 
MUC4 plays an important role in cell proliferation and differentiation 
of epithelial cells by inducing specific phosphorylation of ERBB2. 
The formation of MUC4 complex leads to repressing of apoptosis and 
stimulation of cell proliferation [21]. Research in this area should be 
further conducted.

4.	CONCLUSION

Phenetic, genetic, proteomic studies of various breeds of G. gallus 
were evaluated. Based on morphological data, they can be clearly 
distinguished into two major clades namely Kai-Tor (clade A) and HL 
(clade B). While WTYC was classified as out-group. Kai-Tor and HL 
are related. Meanwhile, WTYC was distinctly separated from the other 
clades. For genetic diversity, mtDNA sequences were successfully 
used to develop the phylogenetic tree that showed monophyletic 
clusters. In terms of protein identification and characterization, this 
study successfully identified proteins from different chicken breeds 
using LC-MS/MS techniques. All identified proteins could be the 
potential biomarkers of chicken breeds. 
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