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Genetic Relationships
Among Japanese Native
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Microsatellite DNA
Polymorphisms
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Yamamoto

Genetic relationships among Japanese

native breeds of chickens were studied on

the basis of microsatellite DNA polymor-

phisms. DNA samples from 10 Japanese

native breeds (Iwate-Jidori, Aizu-Jidori,

Sadohige-Jidori, Siba-Tori, Onaga-Dori,

Echigonankin, Hinai, Kinpa, Koeyoshi, and

Tomaru) and one imported breed (White

Leghorn) were analyzed using eight mi-

crosatellite markers that were isolated

from a microsatellite DNA-enriched library

of chickens (Takahashi et al. 1996). The

PCR primers to detect (CA)n repeat length

polymorphisms were synthesized based

on the sequences of clones, and these

markers were typed by PCR amplification

and electrophoresis using a DNA se-

quencer. Since all eight microsatellite

markers were polymorphic, genetic dis-

tance between the breeds could be cal-

culated based on the frequencies of al-

leles of the microsatellites and phyloge-

netic relationships between the breeds

could be estimated. Most Japanese native

chickens were grouped into three groups

that correspond to the origin breeds, Ji-

dori, Shokoku, and Shamo. The results

suggest that microsatellite DNA markers

are a useful tool for studying the genetic

relationships among chicken breeds.

Japan was essentially isolated from the

outside world from 1635 to 1854. In that

period many unique breeds were devel-

oped for special plumage, crowing, and

cockfighting. There are more than 30 dis-

tinctive breeds. Seventeen of them have

been designated as national treasures of

Japan. Since most Japanese chicken

breeds have low egg production and meat

yield, many of these breeds are in danger

of disappearing. They are valuable as ge-

netic resources and are being conserved

within the Ministry of Agriculture, Forest-

ry and Fisheries (MAFF). The National In-

stitute of Agrobiological Resources of

MAFF has been collecting semen of vari-

ous Japanese breeds and preserves sam-

ples in a frozen state. To date 14 breeds

(3 varieties) are conserved.

Genetic relationships among Japanese

native breeds of chickens have been stud-

ied based on blood protein polymor-

phisms (Hashiguchi et al. 1981; Okada et

al. 1980; Tanabe and Mizutani 1980). How-

ever, these reports indicated a limited

number of polymorphic loci and alleles

per loci, so consensus about the genetic

relationships among breeds of Japanese

native chickens has not been established.

In addition, the results of earlier reports

do not agree with the morphological char-

acteristics of breeds.

Microsatellite repeat sequences, for ex-

ample, (CA)n repeats, are well dispersed in

the genome, highly polymorphic, and have

been shown to be powerful tools in ge-

nome mapping of chickens (Cheng et al.

1995). The application of the microsatel-

lites to characterize chicken breeds is rel-

atively recent. Recently we reported an ef-

ficient method for cloning microsatellites

in chickens (Takahashi et al. 1996). The

purpose of this study is to define the ge-

netic relationships among Japanese native

breeds of chickens on the basis of micro-

satellite DNA polymorphisms.

Materials and Methods

Samples

We studied unrelated chickens belonging

to 10 breeds (11 populations) of Japanese

native chickens: Iwate-Jidori (19 individu-

als), Aizu-Jidori (20), Sadohige-Jidori (22),

Siba-Tori (16), Onaga-Dori [sampled in Ko-

chi Prefecture (22) and Fukushima Prefec-

ture (15)], Echigonankin (12), Hinai (15),

Kinpa (22), Koeyoshi (24), Tomaru (15),

and one imported breed—White Leghorn
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Table 1. Polymerase chain reaction (PCR) primers for microsatellite markers

Clone GenBanka Repeat Forward primer Reverse primer Alleles Rangeb

1
2
3
4
5
6
7
8

U60782
U60783
U60786
U60787
U60791
U60792
U60793
AF012928

(CA)12

(CA)9

(CA)11

(CA)8

(CA)9

(CA)12

(CA)8

(CA)11

59-TTTCACACGCAGCCTTTCTCCCG-39
59-GTGCAGCTCAGTTGGACACACGC-39
59-CAACTTCACTGCCTTCCCATTTG-39
59-GATGCCCTCAGCCACCAGCCCT-39
59-TTAGCAAGGATAGGGGTGGAACA-39
59-GTCCTTTCTCTGTCCTTCCCACT-39
59-AGAGGTGGGCAGGTGGGCATGAG-39
59-GTTGTGGTGGGCTCGTTTGTCTG-39

59-GTCATTCCTGCCTCCCCTTGAC-39
59-CAGCGGGTAACGGCGGCGGGACA-39
59-AACAGAGGAGAAATGGGAATAGTG-39
59-CACCCAGCAAACAGGAGCCCAC-39
59-AACAGAGAACACACTACGCAGCCT-39
59-GTCTTGCTTCTAGGAGTCAGGCT-39
59-CAGCATCCTTAATAGCAGTTTTCC-39
59-GTGGGGAAACCGAAAGCACCG-39

6
10
5
2
6
7
4
5

120–130
72–100

114–126
144–146
93–103

144–158
174–180
110–120

a GenBank accession number.
b Allele size ranges and means are in DNA base pairs.

Table 2. Gene frequencies at the microsatellite DNA loci in each population

Marker
Size
(bp)

Iwate-
Jidori

Aizu-
Jidori

Sadohige-
Jidori

Siba-
Tori

Onaga-Dori

Kochi Fukushima
Echigo-
nankin Hinai Kinpa Koeyoshi Tomaru

White Leghorn

Strong Egg Weak Egg

U60782 120
122
124
126
128
130

0.0000
0.0000
0.1316
0.0526
0.8158
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0455
0.0909
0.2727
0.5909
0.0000
0.0000

0.0000
0.0000
0.0000
0.4063
0.4375
0.1563

0.0909
0.0000
0.0000
0.0682
0.8409
0.0000

0.1333
0.0000
0.0000
0.3000
0.5667
0.0000

0.5000
0.0000
0.2917
0.0000
0.2083
0.0000

0.0333
0.0000
0.0000
0.9667
0.0000
0.0000

0.0000
0.0000
0.0455
0.0000
0.9545
0.0000

0.5208
0.0000
0.0000
0.0000
0.4792
0.0000

0.4000
0.0000
0.0000
0.0000
0.0000
0.6000

0.2500
0.0000
0.3333
0.0000
0.0000
0.4167

0.1042
0.0000
0.1458
0.0000
0.0000
0.7500

U60783 72
74
76
80
82
84
86
88
98

100

0.0000
0.0000
0.0000
0.0000
0.0000
1.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.5500
0.0000
0.4500
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0909
0.0000
0.1136
0.0227
0.0000
0.5227
0.0000
0.2500
0.0000

0.0000
0.0000
0.3438
0.0000
0.0000
0.0313
0.0000
0.4063
0.0000
0.2188

0.0000
0.0000
0.0000
0.0000
0.0000
0.4773
0.3182
0.1818
0.0000
0.0227

0.0000
0.0000
0.0333
0.0000
0.1000
0.7333
0.1333
0.0000
0.0000
0.0000

0.0833
0.0000
0.1667
0.0000
0.0000
0.7500
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0333
0.0000
0.6667
0.0000
0.2333
0.0667
0.0000
0.0000

0.0000
0.4545
0.0000
0.0000
0.0000
0.3636
0.1818
0.0000
0.0000
0.0000

0.0000
0.0000
0.0208
0.0000
0.0000
0.5625
0.1875
0.2292
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.1333
0.0000
0.0000
0.8667
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.3958
0.0000
0.0000
0.6042
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.4583
0.0000
0.0000
0.5417
0.0000
0.0000

U60786 114
120
122
124
126

0.2105
0.7895
0.0000
0.0000
0.0000

0.3000
0.1500
0.0000
0.0000
0.5500

0.1818
0.2500
0.4773
0.0909
0.0000

0.0000
0.3438
0.0625
0.5938
0.0000

0.0455
0.9091
0.0227
0.0000
0.0227

0.0667
0.8667
0.0000
0.0000
0.0667

0.0000
0.4583
0.5417
0.0000
0.0000

0.0000
0.7333
0.1333
0.0667
0.0667

0.0909
0.5909
0.3182
0.0000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.8333
0.1667
0.0000
0.0000

0.0000
0.5833
0.0000
0.4167
0.0000

U60787 144
145

0.6053
0.3947

0.3250
0.6750

0.8409
0.1591

0.6563
0.3438

0.3182
0.6818

0.3000
0.7000

0.0000
1.0000

0.0333
0.9667

0.0000
1.0000

0.0000
1.0000

0.0000
1.0000

0.9583
0.0417

0.9583
0.0417

U60791 93
95
97
99

101
103

0.2368
0.6842
0.0000
0.0789
0.0000
0.0000

0.0000
0.5500
0.2250
0.2250
0.0000
0.0000

0.0000
0.8636
0.0000
0.1364
0.0000
0.0000

0.0000
0.9688
0.0313
0.0000
0.0000
0.0000

0.0000
0.8409
0.0909
0.0682
0.0000
0.0000

0.0000
0.8333
0.1333
0.0333
0.0000
0.0000

0.0000
0.7500
0.0000
0.0000
0.0000
0.2500

0.0000
0.7333
0.2333
0.0000
0.0333
0.0000

0.0000
1.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.9792
0.0208
0.0000
0.0000
0.0000

0.0000
0.7333
0.0667
0.0000
0.2000
0.0000

0.0000
0.0000
1.0000
0.0000
0.0000
0.0000

0.0000
0.0000
1.0000
0.0000
0.0000
0.0000

U60792 144
146
148
150
152
154
158

0.0000
0.1842
0.0000
0.2368
0.3684
0.0000
0.2105

0.0000
0.0000
0.0000
1.0000
0.0000
0.0000
0.0000

0.9091
0.0000
0.0000
0.0000
0.0000
0.0000
0.0909

0.1250
0.0313
0.0000
0.5625
0.0000
0.0000
0.2813

0.1136
0.0000
0.0227
0.2273
0.6136
0.0000
0.0227

0.0000
0.0000
0.0000
0.2000
0.8000
0.0000
0.0000

0.2500
0.5000
0.0000
0.0833
0.0000
0.0000
0.1667

0.2333
0.0000
0.0000
0.1667
0.5667
0.0000
0.0333

0.0000
0.0000
0.0000
0.0000
0.2955
0.0000
0.7045

0.4375
0.0000
0.0000
0.5625
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.3667
0.1000
0.5333

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
1.0000

0.0000
0.0000
0.0000
0.2500
0.0000
0.0000
0.7500

U60793 174
176
178
180

0.1053
0.0000
0.8947
0.0000

0.0000
0.0000
1.0000
0.0000

0.0455
0.6136
0.0000
0.3409

0.9063
0.0000
0.0938
0.0000

0.2727
0.0000
0.7273
0.0000

0.5333
0.0000
0.4667
0.0000

0.0000
0.0000
1.0000
0.0000

1.0000
0.0000
0.0000
0.0000

0.0000
0.0000
1.0000
0.0000

0.5000
0.0000
0.5000
0.0000

0.0000
0.0000
1.0000
0.0000

0.0000
0.0000
1.0000
0.0000

0.0000
0.0000
1.0000
0.0000

AF012928 110
114
116
118
120

0.2895
0.0000
0.0000
0.0789
0.6316

0.1250
0.0000
0.4250
0.0000
0.4500

0.1136
0.5909
0.2045
0.0455
0.0455

0.5938
0.0000
0.0938
0.2813
0.0313

0.0682
0.0000
0.4318
0.0455
0.4545

0.1000
0.0000
0.2333
0.0000
0.6667

0.0000
0.0000
0.8750
0.0833
0.0417

0.1667
0.0000
0.7667
0.0333
0.0333

0.1591
0.0000
0.4091
0.4318
0.0000

0.0000
0.0000
0.5833
0.4167
0.0000

0.9000
0.0000
0.0000
0.1000
0.0000

0.0000
0.0000
0.6667
0.0000
0.3333

0.0000
1.0000
0.0000
0.0000
0.0000

[a strong egg shell line (24) and a weak

egg shell line (24)]. The two lines of White

Leghorn were developed by two-way se-

lection for egg shell strength with nonde-

structive deformation (Nirasawa et al.

1995).

Detection of Chicken Microsatellite

DNA Polymorphisms

From a (CA)n-enriched library (Takahashi

et al. 1996), eight clones were randomly

selected and the nucleotide sequences

were determined. The sequences have

been registered in GenBank with acces-

sion numbers U60782, U60783, U60786,

U60787, U60791, U60792, U60793, and

AF012928. The primer sequences for PCR

are shown in Table 1. The PCR primer

pairs of the clones to detect (CA)n repeat
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Figure 1. NJ dendrograms of Japanese native chickens and White Leghorn based on DA (Nei 1983). Numbers on
the nodes are percentage bootstrap values from 1,000 replications of resampled loci.

length polymorphisms were synthesized

and 59 ends of CA strand primers (forward

primers) were fluorescently labeled.

Chicken genomic DNA used as a tem-

plate for the PCR reaction was isolated

from blood using a DNA isolation kit

(SepaGene, Sanko Jyunyaku, Japan). PCR

was performed: 9 min (948C) and 35 cycles

of 30 s (948C), 30 s (628C), and 1 min

(728C). A reaction value of 20 ml contained

50 ng genomic DNA, 1.5 mM MgCl2, 50 mM

KCl, 10 mM Tris-HCl (pH 8.3), 0.001% gel-

atin, 100 mM dNTP, 0.025 U of AmpliTaq

Gold (Perkin Elmer) and 25 pmols of each

primer. PCR products were separated on

6% Long Rangery gel (AT Biochem) con-

taining 8 M urea. Analyses of fragments

were performed using an automated DNA

sequencer (A.L.F.II, Pharmacia, Sweden)

and a computer program (Fragment Man-

ager, Pharmacia, Sweden).

Statistics

Alleles were designated according to PCR

product size and allelic frequencies were

estimated by directly counting. Genetic

differences among populations were stud-

ied by calculating the DA distance (Nei

1983). Takezaki and Nei (1996) studied the

efficiencies of several genetic distance

measures, for example, DA (Nei et al.

1983), DC (Cavalli-Sforza and Edwards

1967), DSW (Shriver et al. 1995), and (dm)2

(Goldstein et al. 1995), when they are ap-

plied to microsatellite DNA loci. Their

computer simulation showed that DA and

DC distance are most efficient in obtaining

the correct tree topology. Since the DA dis-

tance is the modified DC distance, we

chose the DA distance in this study. From

the distances, a majority-rule consensus

tree based on 1000 bootstrap replicates

was constructed by the neighbor-joining

(NJ) method (Saitou and Nei 1987) incor-

porated into the ‘‘njbafd’’ and ‘‘treeview’’

programs (provided by Dr. N. Takezaki,

National Institute of Genetics, Mishima, Ja-

pan).

Results and Discussion

All eight microsatellites examined were

polymorphic. A total of 45 alleles were de-

tected and the average number of alleles

per locus was 5.6 (Table 1). Gene frequen-

cies at the microsatellite DNA loci in each

population are shown in Table 2. Except-

ing Aizu-Jidori and Tomaru, Japanese

chicken breeds and White Leghorn were

clearly separated from each other (Figure

1). Within Japanese native breeds, three

groups could be differentiated: (1) Sado-

hige-Jidori, Hinai and Siba-Tori; (2) Iwate-

Jidori and Onaga-Dori; and (3) Echigon-

ankin and Kinpa. Koeyoshi was close to

the second and third groups.

There are no indigenous chickens in Ja-

pan in the true sense of the word. Chicken

breeds in Japan were introduced into Ja-

pan at various times. Most of today’s Jap-

anese chicken breeds were established

from three original breeds, Jidori, Shoko-

ku, and Shamo (Koana 1951). Jidori means

indigenous chicken and retains primitive

chicken characteristics. Jidori is thought

to have been introduced into Japan from

China about 2,000 years ago. Shokoku,

which have long hackle and saddle feath-

ers, is thought to have been introduced

into Japan from China between the 8th

and 12th centuries. Some varieties of Sho-

koku were exported from Japan to other

countries in the 19th century and their off-

spring are known as Phoenix and Yoko-

hama (Hawksworth 1994; Stromberg

1996). Shamo is thought to be derived

from a Malay-type chicken introduced into

Japan from Thailand in the 16th or 17th

century for cockfighting. In addition, other

types of breeds such as Oh-Tomaru, Cha-

bo, and Silky were introduced into Japan

from China. During Japan’s period of iso-

lation (1635–1854), breeds were crossed

to improve plumage, crowing, or cock-

fighting ability, resulting in more than 30

breeds of chicken being recognized. Since

most Japanese chicken breeds are cross-

breeds of imported breeds and closely re-

lated to each other, it is difficult to identify

the origin of each Japanese chicken breed.

There are some reports concerning genet-

ic relationships among Japanese chicken

breeds based on blood protein polymor-

phisms (Hashiguchi et al. 1981; Okada et

al. 1980; Tanabe and Mizutani 1980). Al-

though some breeds were common to all

of these studies, the results were inconsis-

tent. Our study demonstrates for the first

time that the main breeds of Japanese

chickens can be distinguished using mi-

crosatellite DNA polymorphisms. Com-

pared to morphological characteristics of

breeds (Koana 1951), the three groups of

Japanese chickens based on microsatellite

markers correspond to the original breed:

the first group (Sadohige-Jidori, Hinai, and

Siba-Tori) corresponds to Jidori, the sec-

ond group ( Iwate-Jidori and Onaga-Dori)

corresponds to Shokoku, and the third

group (Kinpa and Echigonankin) corre-

sponds to Shamo.

Siba-Tori is a variety of Jidori that orig-

inated in Niigata Prefecture. Sadohige-Ji-

dori is thought to be an isolated breed of

Siba-Tori on Sado island. Beard (hige in

Japanese) is a special characteristic of Sa-

dohige-Jidori. Hinai is a meat type breed

established in Akita Prefecture, which is

near Niigata Prefecture. This breed was

thought to be established by crossing Ji-

dori with Shamo. Our results do not con-

tradict the presumed histories of the three

breeds.

Onaga-Dori (long tail fowl) is the most

famous Japanese breed because males

have very long tail feathers. The main tail
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feathers of males do not molt and can

grow by 90 cm each year. The tail feathers

sometimes grow longer than 8 m, and the

record is 12 m. This breed is thought to

have originated by mutation from Shokoku

and was established in Kochi Prefecture in

the 18th century (Koana 1951). Iwate-Ji-

dori was found in Iwate Prefecture in 1975,

and was believed to be a variety of Jidori

and was honored as a poultry treasure of

Japan in 1984. However, in this study, the

genetic distance between Iwate-Jidori and

Onaga-Dori was found to be relatively

close. This suggests that Iwate-Jidori may

be a variety of Shokoku or a crossbreed

between Shokoku and other breeds.

Kinpa and Echigonankin are small vari-

eties of Shamo. Kinpa can be found in Aki-

ta Prefecture and Echigonankin can be

found in Niigata Prefecture. Our results

agree with the morphological characteris-

tics of the breeds. Koeyoshi, found in Aki-

ta and Aomori Prefectures, is famous for

the prolonged crowing ability of males. Al-

though the history of Koeyoshi is unclear,

this breed appears to be a crossbreed be-

tween Shamo, Shokoku, and Tomaru. Our

results suggest that Koeyoshi may be a

crossbreed between Shamo and Shokoku.

Aizu-Jidori, found in Fukushima Prefec-

ture, is thought to be a variety of Jidori.

However, Aizu-Jidori did not belong to the

group of Jidori in this study. The relation-

ships between Aizu-Jidori and the other

Japanese breeds could not be elucidated,

however, Aizu-Jidori may be a crossbreed

of Jidori, Shokoku, and Shamo. Tomaru is

found in Niigata Prefecture and is famous

for the prolonged crowing ability of males.

The cocks can crow for up to 18 s. Tomaru

is a large breed; the adult male body

weight is about 3.5 kg. This breed is

thought to be derived from a breed of Oh-

Tomaru ( large Tomaru) imported from

China in the 16th or 17th century. In this

study, the genetic distances between To-

maru and the other Japanese breeds were

relatively far. Our results do not contra-

dict the presumed history of Tomaru.

In conclusion, microsatellite markers

are a useful tool for studying the genetic

relationships among closely related

breeds of chickens. Since the markers in

this study are highly polymorphic, they

can be also applied for linkage mapping of

chickens.
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A New Allelic Series for the
Underwhite Gene on Mouse
Chromosome 15

H. O. Sweet, M. H. Brilliant, S. A.
Cook, K. R. Johnson, and M. T.
Davisson

A new allelic series at the underwhite gene

is described. Three of the alleles in the se-

ries—uw, uwd, and Uwdbr—arose as spon-

taneous mutations on different genetic

backgrounds at The Jackson Laboratory.

We report here the visible phenotypes and

dominance hierarchy of these alleles, all of

which are defined by a reduction of pig-

mentation in both eye and coat color. Elec-

tron microscopic analysis of retinal epithe-

lium suggests that the primary defect is in

the melanosome. The degree of severity of

melanosome anomalies in the retina cor-

relates with the degree of hypopigmenta-

tion in the coat. The perturbed gene and

its gene product are unknown. We show

that the uw locus is genetically distinct

from Myo10, a suggested candidate gene

for this mutation.

The first mutant allele to reveal the un-

derwhite gene, uw, arose as a spontaneous

mutation in the C57BL/6J inbred strain

and was originally described by Dickie

(1964). This allele produces the lightest

coat color phenotype. The homozygote is

characterized by lack of eye pigmentation

at birth, dark reddish eyes as adults, and

a light buff with white underfur coat color.

The uw gene was mapped to proximal Chr

15 (Davisson et al. 1990; Eicher and Green

1972). For many years thereafter it was the

phenotypic marker of choice for locating

genes on Chr 15.

Two new spontaneous mutations caus-

ing coat color lightening have occurred at

The Jackson Laboratory and have been

shown by direct tests for allelism to be ad-

ditional mutant alleles of the uw gene.

MacPike and Mobraaten (1984) described

a new semidominant mutation in the

B10.PL(73NS)/Sn congenic strain that was

provisionally called dominant brown

(gene symbol Dbr). Cook and Davisson

(1993) reported Dbr to be a semidominant

allele of uw; the gene symbol for dominant

brown became Uwdbr. Uwdbr is dominant to

the wild-type allele for full color and to all

recessive alleles at the underwhite gene.

On the nonagouti (a/a) background, ho-

mozygotes, Uwdbr/Uwdbr, are light beige;

heterozygotes, Uwdbr/1, appear dark

brown (Cook and Davisson 1993). Eye pig-
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