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Abstract
The recessive white (locus c) phenotype observed in chickens is associated with three alleles 
(recessive white c, albino ca, and red-eyed white cre) and causative mutations in the tyrosi-
nase (TYR) gene. The recessive white mutation (c) inhibits the transcription of TYR exon 5 
due to a retroviral sequence insertion in intron 4. In this study, we genotyped and sequenced 
the insertion in TYR intron 4 to identify the mutation causing the unusual white plumage of 
Yeonsan Ogye chickens, which normally have black plumage. The white chickens had a 
homozygous recessive white genotype that matched the sequence of the recessive white 
type, and the inserted sequence exhibited 98% identity with the avian leukosis virus ev-1 
sequence. In comparison, brindle and normal chickens had the homozygous color genotype, 
and their sequences were the same as the wild-type sequence, indicating that this pheno-
type is derived from other mutation(s). In conclusion, white chickens have a recessive white 
mutation allele. Since the size of the sample used in this study was limited, further research 
through securing additional samples to perform validation studies is necessary. Therefore, 
after validation studies, a selection system for conserving the phenotypic characteristics and 
genetic diversity of the population could be established if additional studies to elucidate spe-
cific phenotype-related genes in Yeonsan Ogye are performed.
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INTRODUCTION
Feather and skin color distinguish poultry breeds and are important morphological characteristics. 
The plumage color of breeds is strongly related to economic traits such as growth rate, egg production, 
and carcass traits [1,2]. For example, white plumage is preferred in broiler chickens because feathers 
from white chickens are easier to remove than those from colored chickens [3]. The Yeonsan Ogye is 
a Korean chicken that is known for its black feathers, skin, bones, and comb [4]. This is an uncommon 
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phenotype, and the Yeonsan Ogye has been registered as a natural heritage of Korea (no. 265). 
Selection is used to maintain the standard phenotype of the Yeonsan Ogye chicken, as individuals 
with various other plumage colors are occasionally observed [5]. Exceptional individuals are 
eliminated from the breeding pool to maintain the natural heritage phenotype.

Plumage color in birds is determined by pigments such as carotenoid and melanin [6,7]. 
Melanin is involved in the expression of black (eumelanin) and red (pheomelanin) and is 
synthesized by tyrosinase [8]. Two autosomal loci are associated with white plumage color in 
chickens [9]. The PMEL17 gene gives rise to a dominant white (locus I) and has three alleles 
(dominant white I, smoky IS, and dun ID) [10]. The tyrosinase (TYR) gene is associated with a 
recessive white (locus c) and also has three alleles (recessive white c, albino ca, and red-eyed white cre) 
[11]. The recessive white mutation (c) is reported to involve insertion of the avian leukosis virus ev-1 
sequence at the end of intron 4 in the TYR gene [12], which inhibits the transcription of exon 5 
(Fig. 1). Therefore, this study examined whether the white plumage phenotype in the black Yeonsan 
Ogye population is due to this change in the TYR gene.

MATERIALS AND METHODS
Animals 
The study examined 19 of 625 Yeonsan Ogye chickens from the same generation: seven white, four 
brindle, and eight normal black chickens (Fig. 2). Genomic DNA (gDNA) was extracted from 
blood collected from the brachial vein. After mixing 20 μL of blood with 180 μL of phosphate-
buffered saline, gDNA was extracted using the PrimePrep Genomic DNA Extraction Kit from 
Blood (GeNetBio, Daejeon, Korea), following the manufacturer’s instructions. The purity and 
concentration of the extracted DNA were confirmed using a NanoDrop 2000c spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA, USA). The final gDNA was diluted to a concentration 
of 25 ng/μL and stored at -20℃ before use.

Genotyping 
A primer set consisting of two forward primers and one reverse primer was prepared to identify 
the recessive white genotype based on published information (Fig. 3 and Table 1) [12]. Polymerase 
chain reaction (PCR) was performed in a total volume of 20 μL, which consisted of 2 μL of gDNA 
(25 ng/μL), 10 μL of HS Prime Taq Premix (2×) (GeNetBio), 0.5 μL each of the three primers 
(20 pmol/μL), and distilled water to make up the remaining volume. PCR consisted of an initial 3 
min at 95℃, followed by 35 cycles of 95℃ for 30 s, 58℃ for 30 s, and 72℃ for 1 min, and a final 5 
min extension at 72℃. The product was examined via electrophoresis at 130V for 40 min using 2% 
agarose gels.
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Fig. 1. Structural differences in the tyrosinase (TYR) gene between the wild-type and recessive white phenotypes. The recessive white allele has a 7.5-kb 
ev-1 retroviral insertion in intron 4.
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Sequencing 
The PCR products were sequenced and compared with sequences of the TYR gene (NCBI 
accession: NC_006088.5) and intron 4 of the TYR gene with the ev-1 insertion (GenBank: DQ118 
701.1) published in the NCBI database (https://www.ncbi.nlm.nih.gov). Another primer set with 
two forward and two reverse primers was produced from these sequences using Primer-BLAST on 
the NCBI website (Table 1). PCR amplification was performed at 95℃ for 3 min, followed by 35 
cycles of 95℃ for 30 s, 61℃ for 30 s, and 72℃ for 1 min, and a final 5 min extension at 72℃. The 
amplified DNA fragments were purified with a PrimePrep PCR Purification Kit (GeNetBio) and 
sequenced using an automatic genetic analysis machine (ABI3730XL, Applied Biosystems, Foster 

Fig. 2. Comparison of plumage color in Yeonsan Ogye chickens. (A) A normal black Yeonsan Ogye chicken (wild type). (B) A chicken with black plumage 
and white patches with a red comb (brindle). (C) A chicken with white plumage with a red comb (recessive white).

Fig. 3. Primer locations for genotyping wild-type and recessive white alleles. Two forward primers were used: RW_F2 for the wild-type allele (C) and 
RW_F1 for the recessive white allele (c). One reverse primer, RW_R, was used.

Table 1. Primers used for genotyping alleles and sequencing wild-type and recessive white individuals 

Primer Direction Sequence 
(5’ to 3’)

Product size
(bp)

RW_F1 Forward CCTCTGGCTCTATTTGACTACACAGT 345

RW_F2 Forward CAAAACCATAAATAGCACTGGAAATAG 481

RW_R Reverse TTGAGATACTGGAGGTCTTTAGAAATG -

Seq_F1 Forward TACCCAGGTGCACACCAATG
865

Seq_R1 Reverse CATGGATTGGGCTGTGGGATT

Seq_F2 Forward ATGGGTACCCCATCCCTGAA
860

Seq_R2 Reverse TCCTTGGGTGGCATGGTAAC
The same reverse primer was used for genotyping.
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City, CA, USA).

RESULTS AND DISCUSSION
Only a few chicken breeds are entirely black like the Yeonsan Ogye. These include Ayam Cemani 
from Indonesia, H’Mong from Vietnam, Black Silkie from China, and Svarthona from Sweden 
[13,14]. In Asia, the nutritional value of black-bone chickens has long been known. Many studies 
have reported on the antioxidant and anti-inflammatory effects of immuno-active substances in 
black-bone chickens, such as carnosine and cytokine [15–19]. The Yeonsan Ogye is functional 
medicinal food. In the classical medical books “Dongeuibogam” by Heo and “Bonchogangmok” 
by Lee, the Yeonsan Ogye was considered effective for treating stroke, arteriosclerosis, and heart 
disease [20,21].

To maintain the Yeonsan Ogye population, the Yeonsan Ogye Foundation is cooperating with 
various livestock research institutes and universities [5]. However, there is no established system 
for selecting which males and females to breed other than selecting completely black individuals. 
Consequently, individuals with exceptional phenotypes continue to appear in the population.

This study genotyped individuals with plumage that was not completely black, but either 
completely or partially white. PCR amplification products were confirmed using gel electrophoresis. 
Homozygous colored and recessive white individuals would produce a single 481 bp band on 
amplification with the primers RW_F2 and RW_R or a 345 bp band with the primers RW_F1 
and RW_R, whereas heterozygous individuals would produce both bands (Fig. 4). The seven white 
chickens tested all produced one 345 bp band and were homozygous recessive white individuals. 
The four brindle and eight normal black chickens all produced one 481 bp band and were 
homozygous colored individuals. None of the individuals exhibited heterozygous patterns (Fig. 5). 

The genotypes were confirmed by sequencing. On aligning the sequences with reference 
sequences (NCBI accession: NC_006088.5 and GenBank: DQ118701.1), the white chickens had 
the same sequence as the recessive white type (GenBank: DQ118701.1). Similarly, the sequences of 
the normal and brindle chickens matched that of the wild type (Fig. 6).

Comparing the white chicken sequences against the NCBI database using Nucleotide BLAST 
(BLASTN), the inserted retrovirus sequence exhibited 99% (278/279) identity (GenBank: 
DQ118701.1), as reported previously, and 98% (194/198) identity with the avian leukosis 
endogenous virus ev-1 sequence (GenBank: AY013303). The other sequences were the same as the 
TYR mRNA reference sequence (NCBI accession: NM_204160). Therefore, part of the retroviral 

Fig. 4. Results of genotyping using primers to distinguish between wild-type and recessive white 
alleles. The lanes included the negative control lane are labeled as follows. A 345 bp band was produced by 
white Yeonsan Ogye chickens, whereas a 481 bp band was produced by brindle and normal chickens. M, 100 
bp ladder marker; 1 and 2, white Yeonsan Ogye chickens; 3, brindle chicken; 4, normal black Yeonsan Ogye; N, 
negative control.
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sequence was inserted in the normal TYR intron 4. Retroviral insertion causes phenotypic changes 
by affecting the host genetic mechanism [22,23]. Specifically, this can be involved in pigmentation 
and control the expression of coat color [24,25]. The KIT gene is a proto-oncogene that causes 
cancer, but when a mutation occurs, it induces partial piebaldism [26,27]. The retroviral insertion 
identified here is located in TYR intron 4 and affects the expression of exon 5, a membrane-
spanning domain that plays an important role in determining the location of melanosome 
enzymes [28]. Retroviral insertion interfered with the transcription of exon 5, resulting in impeded 
melanogenesis.

The exceptional phenotypes observed in the Yeonsan Ogye population include the recessive 
white mutation and a few individuals with a mixed plumage phenotype including yellow and gold 
coloration, similar to a brindle chicken. According to Yu et al. [29], four homeobox genes (HOXB9, 

Fig. 5. Genotyping all of the chicken samples. The seven white chickens in Group 1 produced only one 345 bp band. The brindle (Group 2) and normal (Group 
3) chickens produced only the 481 bp band. M, 100 bp ladder marker, N, negative control.

Fig. 6. Alignment of the sequences of the three differently colored chickens with reference sequences. All sequences included the end of intron 4. The 
white chicken sequence matched the reference recessive white chicken sequence (DQ118701.1). From base 1, the white chicken sequence is the same as 
the wild-type reference sequence (NC_006088.5) and the sequences of the brindle and normal chickens.
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HOXC8, HOXA9, and HOXC9), two glutathione metabolism genes (CHAC1 and GPX3), and the 
transforming growth factor beta signaling pathway are associated with plumage melanogenesis in 
black-bone chickens. Campo and Alvarez [30] found that the birchen allele (ER) at the E locus is 
affected by the melanotic gene (Ml) in the development of black plumage. Kerje et al. [31] reported 
that the extended black (E) locus controls plumage color in the same way as MC1R. Based on these 
results, an investigation of plumage color in Yeonsan Ogye can help with establishing a selection 
system to maintain its unique phenotype. It may also elucidate the reasons for the medicinal use of 
black Yeonsan Ogye.

As explained above, the Yeonsan Ogye has value as a genetic resource. But because only black 
individuals are selected to breed and there is no systematic breeding method, pedigree management 
has been poor. Additionally, because the individuals are selected phenotypically, it is impossible to 
confirm the presence or absence of mutant alleles. Therefore, to preserve the unique characteristics 
of the Yeonsan Ogye, genetic studies of specific phenotypes are required, and a new selection system 
for maintaining genetic diversity must be established.

CONCLUSION
This study genotyped Yeonsan Ogye chickens and confirmed that white chickens had the recessive 
white (c) TYR allele. Sequencing showed that an ev-1 retroviral sequence was inserted at the end 
of TYR intron 4 in this allele. Since the size of the sample used in this study was limited, further 
research through securing additional samples to perform validation studies is necessary. Therefore, 
after validation studies, a selection system for conserving the phenotypic characteristics and genetic 
diversity of the population could be established if additional studies to elucidate specific phenotype-
related genes in Yeonsan Ogye are performed.

REFERENCES 
1. Collins WM, Hubbard W. Influence of plumage color on hatching ratio and growth rate in 

chickens. Poult Sci. 1958;37:69-77. https://doi.org/10.3382/ps.0370069
2. Minvielle F, Hirigoyen E, Boulay M. Associated effects of the roux plumage color muta-

tion on growth, carcass traits, egg production, and reproduction of Japanese quail. Poult Sci. 
1999;78:1479-84. https://doi.org/10.1093/ps/78.11.1479

3. Leeson S, Walsh T. Feathering in commercial poultry I. Feather growth and composition. 
Worlds Poult Sci J. 2004;60:42-51. https://doi.org/10.1079/WPS20033

4. Lee HH. Encyclopedia of the chicken. Seoul, Korea: Hyunchook; 2010.
5. Cho SH, Lee SS, Manjula P, Kim M, Lee SH, Lee JH, et al. Population structure analysis of 

Yeonsan Ogye using microsatellite markers. J Anim Sci Technol. 2020;62:790-800. https://doi.
org/10.5187/jast.2020.62.6.790

6. Brush AH. Metabolism of carotenoid pigments in birds. FASEB J. 1990;4:2969-77. https://
doi.org/10.1096/fasebj.4.12.2394316

7. Hearing VJ, Tsukamoto K. Enzymatic control of pigmentation in mammals. FASEB J. 1991; 
5:2902-9. https://doi.org/10.1096/fasebj.5.14.1752358

8. Lamoreux ML, Wakamatsu K, Ito S. Interaction of major coat color gene functions in mice as 
studied by chemical analysis of eumelanin and pheomelanin. Pigment Cell Res. 2001;14:23-31. 
https://doi.org/10.1034/j.1600-0749.2001.140105.x

9. Kinoshita K, Akiyama T, Mizutani M, Shinomiya A, Ishikawa A, Younis HH, et al. Endothe-
lin receptor B2 (EDNRB2) is responsible for the tyrosinase-independent recessive white (mow) 



https://doi.org/10.5187/jast.2021.e71 https://www.ejast.org  |  757

Cho et al.

and mottled (mo) plumage phenotypes in the chicken. PLOS ONE. 2014;9:e86361. https://
doi.org/10.1371/journal.pone.0086361

10. Kerje S, Sharma P, Gunnarsson U, Kim H, Bagchi S, Fredriksson R, et al. The dominant white, 
dun and smoky color variants in chicken are associated with insertion/deletion polymor-
phisms in the PMEL17 gene. Genetics. 2004;168:1507-18. https://doi.org/10.1534/genet-
ics.104.027995

11. Sato S, Otake T, Suzuki C, Saburi J, Kobayashi E. Mapping of the recessive white locus 
and analysis of the tyrosinase gene in chickens. Poult Sci. 2007;86:2126-33. https://doi.
org/10.1093/ps/86.10.2126

12. Chang CM, Coville JL, Coquerelle G, Gourichon D, Oulmouden A, Tixier-Boichard M. 
Complete association between a retroviral insertion in the tyrosinase gene and the recessive 
white mutation in chickens. BMC Genomics. 2006;7:19. https://doi.org/10.1186/1471-2164-
7-19

13. Dharmayanthi AB, Terai Y, Sulandari S, Zein MSA, Akiyama T, Satta Y. The origin and evo-
lution of fibromelanosis in domesticated chickens: genomic comparison of Indonesian Cemani 
and Chinese Silkie breeds. PLOS ONE. 2017;12:e0173147. https://doi.org/10.1371/journal.
pone.0173147

14. Dorshorst B, Molin AM, Rubin CJ, Johansson AM, Strömstedt L, Pham MH, et al. A com-
plex genomic rearrangement involving the endothelin 3 locus causes dermal hyperpigmentation 
in the chicken. PLoS Genet. 2011;7:e1002412. https://doi.org/10.1371/journal.pgen.1002412

15. Do YM, Kim DH. Comparative study of anti-inflammatory and immunological activities by 
different gender and parts of Yeonsan Ogye. J Physiol Pathol Korean Med. 2018;32:99-105. 
https://doi.org/10.15188/kjopp.2018.04.32.2.99

16. Liu J, Huang Y, Tian Y, Nie S, Xie J, Wang Y, et al. Purification and identification of novel an-
tioxidative peptide released from Black-bone silky fowl (Gallus gallus domesticus Brisson). Eur 
Food Res Technol. 2013;237:253-63. https://doi.org/10.1007/s00217-013-1987-9

17. Saenmuang S, Phothiset S, Chumnanka C. Extraction and characterization of gelatin 
from black-bone chicken by-products. Food Sci Biotechnol. 2019;29:469-78. https://doi.
org/10.1007/s10068-019-00696-4

18. Tian Y, Xie M, Wang W, Wu H, Fu Z, Lin L. Determination of carnosine in Black-bone silky 
fowl (Gallus gallus domesticus Brisson) and common chicken by HPLC. Eur Food Res Tech-
nol. 2007;226:311-4. https://doi.org/10.1007/s00217-006-0528-1

19. Tu Y, Sun Y, Tian Y, Xie M, Chen J. Physicochemical characterisation and antioxidant activity 
of melanin from the muscles of Taihe Black-bone silky fowl (Gallus gallus domesticus Brisson). 
Food Chem. 2009;114:1345-50. https://doi.org/10.1016/j.foodchem.2008.11.015

20. Choi HJ, Sim BY, Joo IH, Yoo SK, Kim DH. Study of innate immunity suppression of Yeon-
san Ogye listed on Dong-eui-bo-gam. J Physiol Pathol Korean Med. 2016;30:236-41. https://
doi.org/10.15188/kjopp.2016.08.30.4.236

21. Kim JW, Sim BY, Choi HJ, Lee HJ, Kim DH. The study on biological activities of Yeonsan 
Ogye listed on Dong-ui-bo-gam. Korean J Herbol. 2015;30:23-8. https://doi.org/10.6116/
kjh.2015.30.5.23

22. David VA, Menotti-Raymond M, Wallace AC, Roelke M, Kehler J, Leighty R, et al. Endoge-
nous retrovirus insertion in the KIT oncogene determines white and white spotting in domes-
tic cats. G3-Genes Genom Genet. 2014;4:1881-91. https://doi.org/10.1534/g3.114.013425

23. Jern P, Coffin JM. Effects of retroviruses on host genome function. Annu Rev Genet. 
2008;42:709-32. https://doi.org/10.1146/annurev.genet.42.110807.091501

24. Clark LA, Wahl JM, Rees CA, Murphy KE. Retrotransposon insertion in SILV is responsible 



Association of retroviral insertion in TYR with recessive white plumage

758  |  https://www.ejast.org https://doi.org/10.5187/jast.2021.e71

for merle patterning of the domestic dog. Proc Natl Acad Sci USA. 2006;103:1376-81. https://
doi.org/10.1073/pnas.0506940103

25. Lim HT, Zhong T, Cho IC, Seo BY, Kim JH, Lee SS, et al. Novel alternative splicing by exon 
skipping in KIT associated with whole-body roan in an intercrossed population of Land-
race and Korean native pigs. Anim Genet. 2011;42:451-5. https://doi.org/10.1111/j.1365-
2052.2011.02225.x

26. Geissler EN, Ryan MA, Housman DE. The dominant-white spotting (W) locus of the mouse 
encodes the c-kit proto-oncogene. Cell. 1988;55:185-92. https://doi.org/10.1016/0092-
8674(88)90020-7

27. Sun G, Liang X, Qin K, Qin Y, Shi X, Cong P, et al. Functional analysis of KIT gene structural 
mutations causing the porcine dominant white phenotype using genome edited mouse models. 
Front Genet. 2020;11:138. https://doi.org/10.3389/fgene.2020.00138

28. Porter S, Mintz B. Multiple alternatively spliced transcripts of the mouse tyrosinase-encoding 
gene. Gene. 1991;97:277-82. https://doi.org/10.1016/0378-1119(91)90063-H

29. Yu S, Wang G, Liao J, Tang M, Sun W. Transcriptome profile analysis of mechanisms of 
black and white plumage determination in Black-bone chicken. Cell Physiol Biochem. 
2018;46:2373-84. https://doi.org/10.1159/000489644

30. Campo JL, Alvarez C. Genetics of the birchen and blue plumage patterns in Leonesa chickens. 
Poult Sci. 1993;72:1218-23. https://doi.org/10.3382/ps.0721218

31. Kerje S, Lind J, Schütz K, Jensen P, Andersson L. Melanocortin 1-receptor (MC1R) muta-
tions are associated with plumage colour in chicken. Anim Genet. 2003;34:241-8. https://doi.
org/10.1046/j.1365-2052.2003.00991.x


