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ABSTRACT1)

Jeju pony, a natural monument no. 347 living in Jeju Island, Korea, has been conserved as a genetic

resource and a racing pony. A total of 125 studies written about this breed have been published in various

fields, primarily animal science (106), veterinary medicine (13), and others (6), from 1961 to 2018. Specifically,

the majority of studies have been published in animal breeding and genetics (84), which are subcategories in

the field of animal science. However, most of the research in breeding and genetics for Jeju pony were

performed in the early 2000s, and studies using recently developed techniques are inferior to other breeds

(thoroughbred etc.). Our current understanding of both the conservation and utilization of the breed is still

incomplete. Thus, it is important to use recently developed technologies to improve management and

breeding strategies for this pony breed. In this study, we review studies on Jeju ponies in the field of animal

breeding and genetics and discuss problems that need to be addressed. Reviewed studies were divided into

6 categories: systematic classification, coat color, body measurement and growth, racing performance,

behavior, and effective population size. Finally, we suggest ideas for future research projects that could

potentially contribute to the Jeju pony industry.
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Ⅰ. INTRODUCTION

Jeju pony is a native pony breed that has been living

in Jeju Island, a southern island of the Korea. As a

result, this breed has developed unique characteristics in

order to adapt to its geographical environment. The basic

features of this unique breed are an intermediate size

with an average height of 120 cm and weight of 262 kg

and 12 diverse coat colors. Jeju pony used to be involved

in various industrial fields such as agriculture and

transportation. The largest recorded population size was

22,500 ponies in 1931; however, the number of ponies
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decreased rapidly due to the development of agricultural

machinery and new transportation. In fact, they were in

danger of extinction in the 1980s. The government of the

Korea designated Jeju pony as natural monument no.

347 on February in 1986 for preservation, and they have

been managed by the Livestock Promotion Agency of

the Jeju Special Self-Governing Province. In the 1990s, its

racing began at the Jeju Race Park, Korea Racing

Authority. In addition, systematic management of their

pedigrees began in the 2000s and is currently ongoing

(Yang, 2009).

Jeju pony breeding and racing methods are poor

compared to the thoroughbred horses that are

systematically managed for racing. Therefore, genetic

improvement for racing through various research

methods as well as management of systematic

preservation is needed (Yang, 2009). A total of 125

research studies have been reported in various fields of

animal science and veterinary medicine from 1961 to

2018. In this review, we discuss the systematic

conservation, breeding for racing performance, and

corrective improvement methods for Jeju ponies. We

then suggest future research projects that could

potentially contribute to the management and breeding

of Jeju ponies.

Ⅱ. RESEARCH CLASSIFICATION BY

    FIELD

A total of 125 Jeju pony studies were divided into

three major categories: animal science (106) and

veterinary medicine (13) except for the others (6). First,

in the animal science category, breeding and genetics

(84) accounted for the largest portion, while the

remaining studies were food (8), reproduction (12), and

nutrition (2). Breeding and genetics also can be divided

into two parts: statistical breeding and genetics (31) and

molecular breeding and genetics (53).

Second, studies in the veterinary medicine category

(13) were classified as bacteria (2), parasites (4),

osteology (3), and other diseases (4; viruses, anemia,

nerve disorder, and hyperparathyroidism). Finally, the

others category (6) discussed management policies (3),

rider posture (2), and equestrian effects (1), and were not

included in animal sciences and veterinary medicine.

Further information on classification is provided in Table

1 and Fig. 1 shows the trend of research by year.

Fig. 1. The number of Jeju pony’s studies in each year.
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Table 1. Classification of Jeju pony’s studies

Classification Reference

Animal Sciences (106)

1. Breeding and genetics (84)

① Statistical breeding and genetics (31)

- Phylogenetics (1) Kang, 1965

- Coat color (2) Lee, 1971; Kang et al., 1988

- Body measurement and growth (6) Lee, 1961; Jung et al., 1991; Yang et al., 1991; Yang, 1997; Yang, 2002; Yang, 2014

- Racing performance (9)
Yang, 2004a; Yang, 2005a; Yang, 2005b; Yang and Lee, 2009; Kim et al., 2009;

Kong et al., 2011; Yang, 2012; Kim et al., 2014b; Oh et al., 2014

- Behavior (9)

Rho and Choe, 2002; Rho and Choe, 2003; Rho et al., 2004b; Rho et al., 2005; Rho

et al., 2007; Kwon et al., 2007; Kwon et al., 2008; Rho et al., 2009; Yang et al.,

2016

- Blood (3) Han et al., 1990; Han et al., 1992; Han et al., 1996

- Population genetics (1) Kim et al., 2015a

② Molecular breeding and genetics (53)

- Phylogenetics (10)
Oh et al., 1994; Oh et al., 1997; Kim, 1999; Kim et al., 1999b; Jung et al., 2002;

Yang et al., 2002; Han et al., 2004; Yang, 2004b; Cho, 2006; Yoon et al., 2017

- Coat color (5)
Kim et al., 2011; Kim et al., 2012; Kim et al., 2015b; Kim et al., 2018; Han et al.,

2009

- Racing performance (4) Park et al., 2014a; Moon et al., 2015; Baek et al., 2018; Lee et al., 2018

- Proteomics (7)
Hyun et al., 1991a; Hyun et al., 1991b; Kim and Oh, 1995; Han et al., 1995; Shin

et al., 2002; Cho et al., 2003; Cho, 2005a

- Basic molecular genetics (21)

Han et al., 1994; Cho et al., 1998; Kim et al., 1999a; Cho, 1999; Yang, 1999; Cho

et al., 2000; Oh and Jung, 2001; Han et al., 2001; Cho et al., 2001a; Cho, 2001; Cho

et al., 2001b; Cho et al., 2001c; Cho et al., 2002; Kim et al., 2002; Cho and Cho,

2004; Yang and Kim, 2004; Cho and Lee, 2004; Cho, 2005b; Cho et al., 2007; Choi

et al., 2008; Kwon and Cho, 2009

- Population genetics (1) Do et al., 2014

- Epigenetics (1) Lee et al., 2014

- Immune (1) Lee et al., 2016

- Other features (3)1) Sohn et al., 2006; Park et al., 2009; Ahn et al., 2011

2. Food (8)

① Horse meat (5) Lee, 1995; Lee, 1999; Kim et al., 2005; Seong et al., 2006; Choi and Yang, 2017

② Horse milk (2) Lee and Kim, 1985; Ko et al., 1986

③ Horse bone (1) Kim et al., 2014a

3. Reproduction (12)

Chang et al., 1990; Kim et al., 1990a; Kim et al., 1990b; Kim et al., 1990c; Kim and

Chang, 1990a; Kim and Chang, 1990b; Chang et al., 1991; Chang and Kim, 1996;

Rho et al., 2004a; Kang and Kang, 2006; Yoo et al., 2007; Oh et al., 2012

4. Nutrition (2) Oh et al., 1993; Yang et al., 2005

Veterinary medicine (13)

1. Bacteria (2) Son et al., 2006; Park et al., 2014b

2. Parasites (4) Kim, 1993; Lee et al., 1995; Gupta et al., 2002; Seo et al., 2013

3. Osteology (3) Lee et al., 1974; Kim et al., 2003; Yang et al., 2015

4. Other diseases (4)2) Kim and Choi, 1994; Lee et al., 2013; Yang and Lim, 2014; Gim and Kim, 2017

Others (6)

1. Management policies (3) Kang, 2000a; Kang, 2000b; Kang and Kang, 2002

2. Rider posture (2) Oh et al., 2009; Kang et al., 2010

3. Equestrian effects (1) Kyew, 2011

1)Karyotype analyis and identification of reference genes.
2)Virus, anemia, nerve disorder, and hyperparathyroidism.
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Ⅲ. RESEARCH CATEGORIES

Breeding & genetics, which accounts for 67% of the

Jeju pony studies, was divided into 6 research categories:

phylogenetics, coat color, body measurement and

growth, racing performance, behavior, and effective

population size.

1. PHYLOGENETICS

During the Goryo Dynasty in 1276, the Mongolians of

the Yuan Dynasty in China set up ranches on Jeju Island

to produce war horses using 160 horses. After adapting

to Jeju Island’s unique natural environment for a long

time, Jeju pony evolved into their distinct own form (Do

et al., 2014).

The first study on the origin of the Jeju pony was

reported by Kang (1965). In terms of biometrics, it is

similar to the Tokara horse in the southern island of

Japan or the Yunnan horse in southwestern China than

the Mongolian horse in the northern Korean peninsula

(Kang, 1965). However, mtDNA analysis has shown that

Jeju ponies are most similar to E. przewalski, known as

the ancestor of the horse (Oh et al., 1994). Additionally,

close genetic relationships with multiple breeds were

found by comparing haplotypes of mtDNA D-loop

regions of Jeju ponies to other breeds. The ancestor of

Jeju ponies is assumed to be a Mongolian horse and its

some haplotypes had clear clusters with those of

Mongolian horses. However, some research has shown

that Jeju pony haplotypes cluster with other breeds, so it

is believed that the breed descend from both Mongolian

horses and Jeju Island’s unique ancestors (Kim et al.,

1999b; Yang et al., 2002). In addition, mtDNA D-loop

analysis of horse bones found in the Kwakji remains of

Jeju Island do not show any relationship with Jeju

ponies, suggesting that native horses already existed in

Jeju Island before the influx of Mongolian horses (Jung

et al., 2002). A recent study shows that Jeju ponies were

involved in multiple clusters when mtDNA mutations

were analyzed for 68 horse breeds, suggesting that it has

several maternal ancestors (Yoon et al., 2017).

2. COAT COLOR

Jeju pony coat color was classified into 12 (black;

Ga-ra, bay; Yu-ma, chestnut; Jeok-da, fallow; Go-ra, gray;

Chong-ma, roan; Bu-ru, spotted; Geo-huel, speckled;

Ja-heul, pinto; Wal-la, sorrel; Gong-gol-mal, white;

Baek-ma, and brindle; Beom-ma) according to the past

classification method (Fig. 2), 41 in detailed classification.

Jeju pony coat color was investigated in the 1960s, and

the most frequently observed colors were bay (Yu-ma,

42.75%), chestnut (Jeok-da, 30.87%), gray (Chong-ma,

13.05%), and Black (Ga-ra, 7.28%), and the rest were

reported to occupy a small proportion (fallow; Go-ra,

roan; Bu-ru, speckled; Ja-heul, spotted; Geo-huel, and

pinto; Wal-la) or not observed at all (sorrel;

Gong-gol-mal, white; Baek-ma, and brindle; Beom-ma)

(Lee, 1971). Since then, bay coat color frequency

decreased from 42.75% to 29.52%, chestnut and gray

frequencies increased by 8%, and fallow did not change

significantly (Fig. 3).

Genetic studies have examined bay (Yu-ma), chestnut

(Jeok-da), gray (Chong-ma), black (Ga-ra), and pinto

(Wal-la) coat colors in Jeju ponies. Results show that

bay, chestnut, and black coat colors are mainly regulated

and expressed by the interaction between g.901C>T

single nucleotide polymorphism (SNP) of the Extension

(E) loci located in melanocortin 1 receptor (MC1R) and

exon2 11bp deletion mutation of the Agouti (A) loci in

agouti signaling protein (ASIP) (Marklund et al., 1996;

Rieder et al., 2001). It was also confirmed that Jeju pony

can be classified by black (interaction E+E+/E+Ee of E loci

and AaAa of A loci), bay (interaction E+E+/E+Ee of E loci

and AAAA/AAAa of A loci), and chestnut (interaction EeEe

of E loci and AAAA/AAAa/AaAa of A loci) (Han et al.,

2009; Kim et al., 2011).

Secondly, the gray coat color was reported to be

regulated by the 4.6 kb duplication of STX17 intron6

(Pielberg et al., 2008) and is expressed as a dominant

trait when GG or Gg has more than one duplication G

allele (Han et al., 2009).

Finally, the pinto coat color has a tobiano type

spotting pattern, and it is discovered that these horses



38 Ann. Anim. Resour. Sci. Vol. 30 (1), 2019

(To/To, +/To) have an inversion of horse chromosome 3

(ECA3) in more than one strand (Brooks et al., 2007;

Haase et al., 2008; Kim et al., 2012). According to a

genetic investigation of coat color in 1,462 Jeju pony, the

proportion of genetic factors (To/To, +/To) for pinto coat

color was 12%, which was higher than in the 1960s

(0.34%), and the proportion of genetic factors (GG/Gg)

for gray coat color was 68%, which was higher than in

the 1960s (13%) and 1980s (22%) (Fig. 3). In addition, the

frequency of white spotting genetic factors (To allele)

significantly decreased and the G allele related to bay

increased (Kim et al., 2015).

3. BODY MEASUREMENT AND GROWTH

In 1961, research was investigated on 30 body parts in

order to identify the physical characteristics of Jeju pony

(Lee, 1961). In 1986, when the breed were designated as

a natural monument, 12 body parts (withers height,

body length, back height, rump height, chest girth, chest

depth, chest width, head length, back width, rump

width, rump length, and shank circumference) were

measured to determine pedigree grade according to the

pedigree establishment and registration of Jeju pony and

statistical analyses were performed by region, sex, age,

and grade (Jung et al., 1991; Yang et al., 1991; Yang,

1997). In addition, standard growth performance was

estimated using the Gompertz growth curve, showing

that growth rates reached a maximum at 2-3 years of

age and declined until growth stopped at 5 years of age

(Yang, 2002). Recently, it has been reported that the

additive genetic effects on body weight have greater

variability than permanent environmental effects,

suggesting that there is a possibility for genetic

improvement (Yang, 2014).

4. RACING PERFORMANCE

Jeju pony racing began in the 1990s in the Jeju Race

Park, and the Korea Racing Authority is now focusing

on racing performance research. An analysis of 269

racing records for 25 Jeju pony at Lets Run Park showed

that the mean finishing time in the 800 m race ranged

from 68.75±0.73 to 77.20±1.84 seconds, and repeatability

of the trait was 0.52 (Yang, 2004). The heritability (h2) of

racing performance was estimated to be 0.36, 0.60, 0.68

and 0.77 at 800, 900, 1000 and 1110 m distances, and the

repeatability was 0.61, 0.78, 0.84 and 0.90, respectively,

determined from genetic parameters using 10,870 racing

records at Jeju Race Park from 2003 to 2011 (Yang, 2012).

This showed that repeatability for finishing time tended

to be higher for long distance races. The effect of racing

lane at start at 800 m was not significant (Yang, 2005a),

and race track condition and season were most beneficial

to racing speed when the air was humid (-0.49 sec) and

during the spring (-0.40 sec), respectively (Yang, 2005b).

In addition, one study indicated that the regression

coefficients for handicap weight, horse’s body weight,

and weight change were highly significant in racing

performance (p<0.01), and the weight change during the

resting period in the consecutive race adversely affected

racing performance (Yang and Lee, 2009). Another study

showed that heritability decreased by 0.92% and 1.39%,

respectively, as the loss and error of genetic information

(pedigree information and parental misidentification)

increased by 1% (Kim et al., 2014).

5. BEHAVIOR

Until now, most studies on Jeju pony behavior were

based on statistical analyses. Jeju pony spend a large

portion of their time grazing (83.7±29.7%) in a

semi-natural herd during daylight hours, and this

behavior tends to decrease slightly in the late winter and

early spring (Rho and Choe, 2002). In addition, studies

on dominance ranking of Jeju ponies have shown that at

mare’s behavior of harassing foals is more frequent for

low-grade than high-grade mares when they take show

aggression; the result is that the early social experience

of foals is associated with the mare’s rank (Rho and

Choe, 2003). Aggressive behaviors of mares were more

frequent as a foal’s birth approached. It has been

reported that mares had more aggressive behaviors in

order to protect young foals, and aggression was more

frequent when mares were younger (Rho et al., 2004).

Another study found that mares that reproduced at an
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early age tended to have a higher number of offspring

than those reproduced late, but these benefits were offset

because foals born by young mare were harassed more

than those born by an older mare due to the dominance

hierarchy (Rho et al., 2009). It has been demonstrated

that mares intervene in play-fighting of the foals, during

which mares directly show their dominance rank and

indirectly help foals to achieve a higher rank (Rho et al.,

2005). Another study reported that male foals exchange

grooming behaviors more frequently with yearling mares

than their mother, while female foals exchange grooming

behaviors more frequently with their mother than

yearling mares, suggesting that social experiences of

foals may affect their social cohesion when harems begin

to form after separating from their mothers (Rho et al.,

2007). A study comparing Jeju ponies and crossbred

horses (Jeju pony×Thoroughbred) showed that only 16

(8.1%) out of 198 Jeju ponies had innate pacer occurring

in some foreign breeds, not appeared in 349 crossbred

(Yang et al., 2016).

6. EFFECTIVE POPULATION SIZE

In order to preserve Jeju pony, it is very important to

estimate effective population size. According to Kim et

al. (2015), the effective population size of the first

generation (1,149) was estimated by the traditional

breeding method using pedigree and registration data of

2,486 Jeju ponies. Results show that the population is 32

less than the minimum 50 required for stable population

maintenance, suggesting that systematic management for

the preservation of the breed is needed. In addition,

results of molecular genetic analysis shows that the

effective population size was estimated to be 41 by the

5th generation using the square of correlation coefficient

(r2) among SNPs belonging to Equine 70 K BeadChip

(Illumina, San Diego, CA, USA) (Do et al., 2014).

Ⅳ. DISCUSSION

A total of 125 studies have been written about Jeju

ponies so far, most of which are based on observations

or statistical analyses. The majority of these studies

(67%) are in the field of breeding and genetics, and most

were published in the early 2000s with very few studies

published after 2010. Therefore, it is important to

continue conducting research on Jeju ponies using

recently developed scientific technologies and analytical

methods.

Comparisons among mtDNA mutations of multiple

horse breeds revealed that Mongolian horses are likely

to be strong maternal ancestors of Jeju ponies (Oh et al.,

1994). However, another study found that Mongolian

horses are not the only maternal ancestors of Jeju ponies

(Kim et al., 1999b; Jung et al., 2002; Yang et al., 2002;

Yoon et al., 2017). When the Horse Genome Project was

completed in 2009, mtDNA and genome analyses became

possible (Wade et al., 2009). As a result, research has

since been conducted on the genetic relationship among

horse breed using SNPs distributed in whole genome

(McCue et al., 2012; Petersen et al., 2013). Therefore, is

now possible to study the origin of Jeju ponies by

analyzing genetic relationships among multiple breeds

using recently developed genome analyses. In addition,

the diversity of coat colors among Jeju ponies has been

gradually decreasing over time, so breeders should take

coat color and genetic factors into account when

developing selective breeding plans. Jeju ponies have

recently been utilized for racing or riding, but this breed

has limited capabilities due to their small body size. As

a result, its breeding has been focused on attaining

bigger body sizes to produce more capable racing or

riding horses. Therefore, research on growth and body

shape is necessary to improve breeding strategies for Jeju

ponies.

The heritability and repeatability of finishing times for

Jeju ponies were higher for long distance races, so a

more accurate method to study using 1000 or 1110 m

records as a phenotype among 400, 800, 1000, 1110 m.

However, studies using 800 m records were only

performed before heritability estimates were reported in

2012, and no research currently exists on 1000 m records.

This is because research with 800 m records was
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Table 2. Proportions based on English term notation of Jeju pony

Term No. of studies Proportion
No. of studies

Proportion
No. of studies

Proportion
(before registration*) (after registration*)

Cheju Horse 50 40.0% 50 45.9% 0 0.0%

Cheju Pony 11 8.8% 10 9.2% 0 0.0%

Jeju Horse 48 38.4% 35 32.1% 14 87.5%

Jeju Pony 14 11.2% 12 11.0% 2 12.5%

Korean Native Horse 2 1.6% 2 1.8% 0 0.0%

Total 125 100.0% 109 100.0% 16 100.0%

*Term "Jeju Horse" was registered in Wikipedia on Aug 2014.

(A) Black (Ga-ra) (B) Bay (Yu-ma) (C) Chestnut (Jeok-da)

The overall coat color is black.
The entire main coat color is

chestnut or brown, but the

color of mane, lower legs, and

tail is black.

The overall coat color is

chestnut or brown.

(D) Fallow (Go-ra) (E) Sorrel (Gong-gol-mal) (F) Gray (Chong-ma)

The overall main coat color is

light brown while stretching

line from mane to strunt and

lower legs are black.

The entire coat color is

cream-colored with sorrel hair.

The overall coat color is bay,

chestnut, or black mixed with

white hair.

(G) Roan (Bu-ru) (H) Pinto (Wal-la)

The basic coat color is bay,

chestnut, or black with light

white hair (less white than F)

and the legs present the basic

coat color without white hair.

The basic coat color is bay or

black with big white spots.

Fig. 2. Jeju pony’s 12 coat colors. Pictures of white (Baek-ma), spotted (Ja-huel), speckled (Geo-huel), and brindle (Beom-ma) are not

existed because their numbers are extremely rare. White (Baek-ma) has the entire white coat color. Spotted (Ja-huel) has the

different small size of freckles (mainly white color) scattered over its overall body. Speckled (Geo-huel) has the colors around

its eyes, bottom abdomen, and legs that show whiter or lighter than that of the overall coat color. Brindle (Beom-ma) has the

entire subtle tiger-striped coat color with an irregular pattern. All pictures were referred from Jeju Horse Database System

(http://jejuhorse.jeju.go.kr/main.do).
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continuously performed after the first report of

repeatability estimation in 2004. After that, heritability

was estimated using accumulated pedigree and racing

records. The study showed that heritability was

estimated to be lower for short distance finishing times,

which is considered to be influenced more by the

environment than genetic capacity. Thus, 800 m records

are less suitable for studying racing improvement than

≥1000 m records. Therefore, it should be considered that

research on the racing performance of Jeju pony using

1000 m records having large genetic gain and high

frequency. Additional research is needed to improve

preservation and pedigree management strategies for Jeju

ponies. Specifically, behavioral research is needed to

determine the cause of decreasing the number of

offsprings caused by the behavioral influence of the their

society. The effective population size of Jeju ponies

should be carefully interpreted with sample size and

analysis method, and the effective population size

should be continuously estimated in order to preserve

the population of the breed.

Additionally, Jeju Horses were referred to using five

different names (Cheju horse, Cheju pony, Jeju horse,

Jeju pony, Korean native horse) in the literature. The

terms ‘Cheju Horse’ and ‘Jeju Horse’ accounted for

40.0% (50) and 38.4% (48) of the studies, respectively.

‘Cheju Pony’ and ‘Jeju Pony’ were used in 8.8% (11) and

11.2% (14) of the studies, and only 1.6% (2) of the

studies used the term ‘Korean Native Horse’. Since the

term ‘Jeju Horse’ was registered in Wikipedia in August

2014, it was used more commonly in the literature,

accounting for 87.5% (14) of the studies published after

this data (Table 2). Research using DNA increased since

genome research technologies were developed in the

1990s, and in early genetics studies the Jeju Horse was

mostly referred to as ‘Cheju Horse’ or ‘Cheju Pony’.

However, ‘Jeju Horse’ or ‘Jeju Pony’ have been used

more frequently since the 2000s, and ‘Cheju Horse’ and

‘Cheju Pony’ were not used after 2005 (Fig. 1). Recently,

the number of research papers written as ‘Jeju Horse’

has increased. However, Jeju pony is considered to

belong to pony type because many organizations define

a pony that measures less than 147 cm at the withers.

Therefore, to prevent confusion the name ‘Jeju Pony’

should exclusively be used when referring to this breed.

Fig. 3. Distribution of Jeju pony’s coat color. (A) and (B) were referred to as Lee (1971) and Kang et al. (1988), respectively.
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