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ABSTRACT  Article History 

Ball pythons or Python regius are well-known exotic pets, because of their gorgeous colors 

and patterns, particularly the albino morphs. There are different types of albino ball pythons, 

including the Candy and Candino variants, which differ in color intensity. In the Candino 

morph, the yellow color compared with the standard albino morph becomes a dark yellow, 

and the white stripe turns purple. In contrast, the Candy variants show a gold color that is 

more intense than both the standard albino and Candino morphs. The variation of the 

tyrosinase gene (TRY gene) expression is the major cause of the difference in coloration of the 

albino morph. This study is the first to report the expression levels of the TRY gene in these 

two albino morphs, Candy and Candino. The results indicate that the TRY gene expression in 

both variants is significantly lower than in wild-type ball pythons. Specifically, expression is 

reduced by a factor of 7.88 for the Candy variety and by 36.93 for the Candino variety. This 

means that the TRY gene expression in Candy is 4.69 times higher than in Candino. These 

results suggest that the TRY genes in both Candy and Candino morphs are still active and 

capable of expression. 
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INTRODUCTION 

 

 One of the famous exotic pets is the ball python 

(Python regius) because of their beautiful colors and 

patterns, as well as the wide variety of these traits. The 

different color and pattern variations are referred to as 

"morphs." The morph albino is one of the most favored 

morphs, which features reduced melanin in its skin. The 

skin color of albino ball pythons is white and yellow, unlike 

the black and brown found in their wild-type ball python. 

There are several genes involved in melanin synthesis in 

ball pythons, such as the tyrosinase gene (TYR gene), as 

noted in studies by Oetting et al. (1998), Miura et al. 

(2018), Brown et al. (2022), Kokiattrakool et al. (2024) and 

Garcia-Elfring et al. (2025). Another important gene is 

oculocutaneous albinism type 2 or OCA2, which encodes a 

chloride channel necessary for maintaining the pH of 

melanosomes. Several transporter proteins, such as the 

solute carrier (SLC) group of membrane transport proteins, 

are believed to be involved in the biosynthesis of melanin 

in ball python, including SLC7A11, SLC23A5, and SLC45A2 

(Ginger et al., 2008; Vitavska & Wieczorek, 2013; Nicholas 

et al., 2014; Lavoro et al., 2023; García-Elfring et al., 2025). 

However, the most significant gene regulating melanin 

synthesis is the TYR gene. The albinism in ball python is 

the recessive homozygote of the mutant TYR gene 

(Kokiattrakool et al., 2024). 

 Brown AR and his colleagues (Brown et al., 2022) 

hypothesized that the primary reason for albinism in ball 

pythons is the inactivity of the TYR gene, also known as the 

tyrosinase gene, which encodes the enzyme responsible 

for catalyzing the most crucial step in melanin 

biosynthesis. The researchers identified three haplotypes 

of the TYR gene in albino pythons, each carrying a 

different loss-of-function variant. The first variant is a 

missense mutation in the third coding region of TYR, 

resulting in an exchange from aspartic acid to glycine 

(D394G) (Brown et al., 2022). The second variant is also a 

missense mutation in the same area, resulting in a proline-

to-leucine exchange (P384L). This particular mutation is 

similar to a variant (P384A) associated with oculocutaneous 

albinism in humans (Simeonov et al., 2013). The last variant 
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does not contain any coding or splicing site alterations 

(Brown et al., 2022). Based on Brown et al.'s (2022) 

hypothesis regarding the variant that lacks coding or 

splicing sites. Recently, Kokiattrakool et al. (2024) 

succeeded in using the PCR primers designed to target the 

splicing regions of the TYR gene to distinguish between 

the wild type and heterozygous albino phenotypes in ball 

pythons. Kumsiri et al. (2025) used PCR and qPCR to 

discriminate between the wild type and heterozygous 

piebald phenotypes in ball python. 

 Additionally, various mutations in the TYR gene have 

been linked with milder phenotypes. For instance, the 

phenotype of Himalayan llamas is linked to different 

mutations that cause temperature-regulated activity of the 

TYR gene, resulting in cooler areas of the body being 

pigmented white, while warmer parts remain unpigmented 

(Anello et al., 2019). Similar examples can be seen in 

rabbits (Aigner et al., 2000), cats (Lyons et al., 2005) and 

mice (Kwon et al.,1989; Kulathunga et al., 2021). 

 In ball pythons, there are many types of albinos, such 

as albino, Candino or Toffino, Candy or toffee, as shown in 

Fig. 1. 

 

 

 
Fig. 1: The variant types of morph albino in ball pythons. 

 

 The type of albinos is divided depending on the 

intensity of the color. In Fig. 1, the morph Candino, the 

yellow color (in morph albino) changes to a dark yellow. 

Additionally, the white stripe in albino becomes purple in 

Candino. In Candy variants, the yellow (in morph albino) 

turns into a gold color, which is more intense than in both 

albino and Candino. The stripe color in Candy is a light 

brown. The variation of the color in morph albino is based 

on the amount of melanin in the skin. So, this study 

focuses on the level of tyrosinase gene expression in the 

albino variant. 

MATERIALS & METHODS 

 

Sampling and RNA Extraction 

Ethical Approval 

 Before starting the experiment, the Ethics Review 

Board for Animal Research at Rangsit University approved 

this study (RSU-AEC 001-2022).  

 The shed skins of the ball python samples were 

kindly provided by commercial breeders in Thailand, 

specifically Reptile Collector by docjavet and Morph 

Hunter. All samples were kept at -20°C to prevent any 

insect larvae from infesting the sheds. The total set of 

animals included seven wild types, seven albinos, seven 

candinos, and seven candies. We cut a size of 1.5 cm x 1.5 

cm piece from each shed sample, which was then 

submerged in a lysis buffer (1M Tris-HCl, pH 7.5, and 10% 

SDS) and crushed using a stirring rod. The resulting 

solution was then used for RNA extraction. The RNA 

extraction was performed using GENEzolTM Reagent 

(Geneaid, New Taipei City, Taiwan). After mixing the 

solution with GENEzol™ Reagent, chloroform was added, 

and the mixture was vigorously shaken. The solution was 

then centrifuged at 10,000g for 10min. The upper phase 

was transferred to a new tube, and isopropanol was 

added in an equal volume to that of the upper phase. 

This mixture was centrifuged again at 10,000g for 10min, 

after which the supernatant was removed. The RNA pellet 

was washed with cold 70% ethanol and centrifuged at 

10,000g for 3min. After allowing the pellet to air dry, 

25µL of DEPC water was added and the solution was 

stored at -80°C until further use. 

 

cDNA Synthesis 

 After extraction, the RNA was measured for 

concentration using the Nanodrop (Thermo Scientific, 

Massachusetts, USA). The RevertAid First Strand cDNA 

Synthesis Kit (Thermo Scientific, Massachusetts, USA) was 

used for first-strand cDNA synthesis. The oligo dT primer 

to synthesize the first strand of cDNA. After that 1xTaq DNA 

polymerase, a buffer and a mixture of deoxynucleotide 

triphosphates (dATP, dTTP, dCTP, and dGTP) were added to 

synthesize the second strand of cDNA. The resulting cDNA 

was then stored at -20°C until further use. 

 

qPCR Reaction and Gene Expression Analysis 

 The primers of the PCR reaction in this study were 

based on the work of Kokiattrakool et al. (2024), which is 

shown in Table 1. To increase the specificity of the qPCR 

reaction, Luna Universal qPCR Master Mix (New England 

BioLabs, Massachusetts, USA) was applied. The qPCR 

amplification reaction mixture included Luna Universal 

qPCR Master Mix and 0.8μM of the forward primer (TYR-F), 

reverse primer (TYR-R), and cDNA extract as a template, in 

a final volume of 10μL. The PCR amplification conditions 

consist of an initial denaturation at 95°C for 3min, followed 

by 35 cycles of denaturation at 90°C for 30s, annealing at 

55°C for 30s, and extension at 72°C for 30s. The expression 

levels of the TYR gene were analyzed in the cDNA of wild-

type, albino, Candino, and Candy samples. The 
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Glyceraldehyde-3-phosphate dehydrogenase gene 

(GAPDH) served as the reference gene. Each sample was 

tested in triplicate during the qPCR reaction. 

 
Table 1: The sequence of PCR primers in this study 

Primer name Sequence 5’-3’ 

TYR-F TGG TAG CTT CTG GCC TCT CT 

TYR-R GAG TGT GCA GAA TCA CCC CA 

 

RESULTS 

 

qPCR Reaction and Gene Expression Analysis 

 PCR products of the housekeeping gene GAPDH and 

the TRY gene were observed in every sample. The melting 

curves were analyzed to confirm a single PCR product. 

NTC controls showed no PCR product. The results 

presented in Table 2 indicate that the expression of the 

TRY gene in Candy was consistently lower than that in the 

wild-type. Specifically, the average expression level of the 

TRY gene in Candy was found to be 7.88 times lower than 

that in the wild-type. 

 
Table 2: The comparison of TRY gene expression between wild-type 

and Candy 

 Candy 1 Candy2 Candy3 Candy 4 Candy 5 Candy 6 Candy 7 

Repeat 1 3.71 3.09 5.46 5.31 2.38 6.45 12.13 

Repeat 2 9.51 11.88 15.45 2.43 15.14 9.25 15.35 

Repeat 3 3.61 2.97 17.15 2.77 10.41 8.75 2.23 

Average 5.61 5.98 12.69 3.50 9.31 8.15 9.90 

 

 Similarly, Table 3 showed that the expression of the 

TRY gene in Candino was also lower than in the wild-

type. In this case, the average expression level of the TRY 

gene in Candino was 36.93 times lower than that of the 

wild-type. 

 
Table 3: The comparison of TRY gene expression between wild-type 

and Candido 

 Candino 

1 

Candino 

2 

Candino 

3 

Candino 

4 

Candino 

5 

Candino 

6 

Candino 

7 

Repeat 1 16.91 14.32 30.91 13.18 47.18 23.1 21.11 

Repeat 2 29.86 31.78 35.27 47.18 47.5 18 36.25 

Repeat 3 94.35 78.79 30.48 31.56 32.45 23.43 72 

Average 47.04 41.63 32.22 30.64 42.38 21.51 43.12 

 

 Fig. 2 showed that the decrease in TRY gene 

expression in Candino was greater than the decrease in TRY 

gene expression in Candy. These results indicated that the 

TRY gene expression in Candy is higher than in Candino. 

 

 

 
Fig. 2: The comparison of the decline of TRY gene expression between 

Candy and Candino. The numbers 1-7 are each ball python morph Candy 

and Candino. 

DISCUSSION 

 

 Brown AR and his colleagues (Brown et al., 2022) 

hypothesized that the primary cause of albinism in ball 

pythons is the absence of function of the TYR gene, also 

known as the tyrosinase gene. This gene encodes the 

enzyme tyrosinase, which catalyzes the main reaction of 

melanin biosynthesis. Tyrosinase is the copper-containing 

enzyme that regulates the first two steps in the melanin 

biosynthesis pathway, changing tyrosine into L-

dihydroxyphenylalanine (DOPA) and subsequently 

transforming DOPA into DOPA quinone, a precursor of 

melanin (Cieslak et al., 2011). The TYR gene is commonly 

referred to as the albino locus since mutations in this gene 

lead to albinism in several species. In addition, some 

mutations of the TYR gene have been associated with 

milder phenotypes. For instance, the Himalayan phenotype 

in mice is linked to different mutations that alter the 

temperature-regulated activity of the TYR gene, resulting 

in pigmentation in the cooler parts of the body while the 

warmer areas remain white (Anello et al., 2019). An 

additional case is the chinchilla allele in mice, which 

translates a tyrosinase enzyme with only one-third to one-

half the activity of the normal enzyme. This reduced 

activity is due to a point mutation in the TYR gene. As a 

result, chinchilla mice typically display a grayish color 

(Lamoreux et al., 2001). This example is relevant to our 

study. Another point mutation in the TYR gene majorly 

causes the platinum phenotype in mice, resulting in nearly 

complete loss of pigmentation (Orlow et al., 1993). Two 

near-white TYR alleles have been identified in mice, known 

as Dhoosara and Chandana, both of which are 

characterized by significantly low pigment synthesis in the 

body and eyes (Challa et al., 2016). 

 Pös et al. (2021) described copy number variants 

(CNVs) as tools for molecular diagnosis of various diseases 

and in non-invasive prenatal care, but their full potential is 

still emerging. López et al. (2015) discuss the relationship 

between copy number variation and the TRY gene in 

humans. Copy number variation is a molecular 

phenomenon in which sequences of the genome are 

repeated, with the number of repetitions varying among 

individuals of the same species (Lauer and Gresham 2019).  

 The biological effects of CNV can vary significantly, 

ranging from having no impact on common physiological 

traits (Zhang et al., 2009) to causing morphological 

variations (Wright et al., 2009; Henkel et al., 2019; Wang et 

al., 2023). In ball pythons, the coloration of the Candy and 

Candino morphs is darker than that of the standard albino, 

as shown in Fig. 1. This effect depends on the level of TRY 

gene expression. However, there is currently no evidence 

to show that the variation in TRY gene expression among 

ball pythons is due to copy number variation (CNV).  

 Another interesting evidence for the diversity of color 

in animals is the melanocortin 1 receptor or MC1R locus, 

which is located on chromosome 2 (EquCab3.0 

chr3:36,979,313-36,980,266). This locus plays an important 

role in determining the production of eumelanin and 

pheomelanin, which are responsible for black and red 

pigments, respectively. These pigments contribute to the 
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formation of black, bay, or chestnut base colors in horses 

(Hammons et al., 2021).  

 One more interesting example of the color diversity 

mechanism is presented by Liu et al. (2025). The multi-

omics analyses indicated the crucial roles of pathways 

involved in antioxidant and lipid metabolism. Specifically, 

tyrosine metabolism, melanogenesis, fatty acid 

metabolism, fatty acid elongation, and the biosynthesis of 

unsaturated fatty acids were identified as key factors 

influencing the variation in levels of skin color among the 

leopard coral grouper (Plectropomus leopardus). 

 Our results indicated that the expression of the TRY 

gene in Candy and Candino varieties is significantly lower 

compared to the wild type, specifically 7.88 times and 

36.93 times lower, respectively. Additionally, the TRY gene 

expression in Candy is 4.69 times higher than that in 

Candino. Our findings suggest that there are some TRY 

genes still active and capable of expression. The aligns with 

the study by Anello et al. (2019), who compared the 

expression levels of the TRY gene across three groups of 

llama: non-diluted llamas, diluted llamas, and llamas with a 

white phenotype. The results indicated that the expression 

of the TRY gene in the white phenotype llamas was 

absolutely lower than that in the non-diluted group. 

 Another interesting albino phenotype, characterized 

by a critical loss of melanin, is accompanied by two other 

albino phenotypes that also exhibit reduced melanin in the 

skin and eyes: lavender and ultramel. The lavender 

phenotype shows with the lavender-colored patches on 

the skin instead of the usual brown or black. The 

researchers (Gardner et al., 1992) have indicated that this 

lavender phenotype results from a loss of function in the 

OCA2 gene. When the OCA2 protein disappears or loses 

function, the enzymes responsible for melanin synthesis 

become less active, resulting in only small amounts of 

melanin synthesis (Puri et al., 2000; Ni-Komatsu and Orlow 

2006). The ultramel phenotype is characterized by tan or 

light brown skin patches, contrasting with the darker 

shades of brown or black commonly observed. This 

phenotype results from the functionlessness of five genes, 

including TYR1, TYR2, SLC7A11, SLC24A5 and SLC45A2 

(Puri et al., 2000). The TYR1 and TYR2 genes translate 

enzymes crucial for melanin biosynthesis (Lai et al., 2018). 

SLC7A11 translates a transporter that imports cystine into 

the cell (Sato et al., 1999), while SLC24A5 translates a K+-

dependent Na+-Ca2+ exchanger (Nicholas et al., 2014; 

Apar et al., 2024). The SLC45A2 gene translates a putative 

sugar transporter (Chintala et al., 2005). The absence of 

proteins translated by these genes decreases melanin 

production through mechanisms that may involve defects 

in the regulation of melanosome pH (Nicholas et al., 2014; 

Bin et al., 2015; Wu et al., 2023). 

 Additionally, there are several white morphs of ball 

pythons, such as the Blue Eye Leucistic (BEL), Ivory, and 

Superfire, as illustrated in Fig. 3. While these morphs are 

not albino, their mostly skin appears white due to the 

absence of pigment. However, the interesting issue is that 

the parents of BEL, Ivory, and Super Fire have distinct 

colors and patterns, as shown in Fig. 4.  

     

  
 

Fig. 3: The white morph: Blue Eye Leucistic (BEL), Ivory, and Super fire. 

 

 

  
 

Fig. 4: These morphs of ball pythons are capable of breeding BEL, Ivory, 

and Super Fire. 
 

 The offspring of the Butter, Mojave, Russo, and 

Phantom morphs, which have yellow, brown, and black 

colors with distinct patterns, are called BELs. BELs have 

completely white skin and no patterns. The parents of the 

Ivory morph, which is mostly white with a yellow line on its 

back, are Yellow Belly, known for their color and pattern. 

Similarly, the parents of the Super Fire morph, which is 

predominantly white with some yellow dots on its skin, are 

Fire morphs, which have a brown and yellow coloration with 

patterns. This phenomenon is very interesting. Future work 

will involve studying the expression of the TRY gene in BEL, 

Ivory, and Super Fire morphs to gain a better 

understanding of the mechanisms behind this phenomenon. 
 

Conclusion 

 The study is the first report on the ball python 

indicating that the TRY gene is expressed in both Candy and 

Candino. However, the level of TRY gene expression is higher 

in Candy compared to Candino. This difference in expression 

corresponds to the phenotypic characteristics of the ball 

pythons, as Candy exhibits a darker coloration than Candino. 
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