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SUMMARY

PCR-RFLP analysis was used to examine the 1,075 bp cytochrome b (cyt b)region in 26 birds from two
families of laboratory quail and 26 birds of wild-type Japanese quail (Coturnix japonica). The total cyt b
amplicon was digested with ten restriction endonucleases, and its electrophoretic pattern was investigated. A
variation was observed only in the Alu I digestion. Two kinds of haplotypes, A and B, were found in the
laboratory population, and their frequencies were 92.3% and 7.7%, respectively. Only the unique haplotype
A was found in the wild population. The estimated nucleotide sequence divergence between the two
haplotypes observed in the laboratory population of Japanese quail was 0.770 %, and the nucleotide
diversity ( 7 ) within the laboratory population was 0.159 %. No variation was found in the wild quail
population. These results indicated a higher genetic diversity in the laboratory strain than in the wild-type
strain of quail. The results of progeny tests for cytochrome b inheritance in two families of the laboratory
population revealed that cytochrome b was inherited maternally. Alu I is suitable for detecting cytochrome b
variations in Japanese quail.

INTRODUCTION

The Japanese quail (Coturnix japonica)belongs to the family Phasianidae”. In Japan, there are three
kinds of Japanese quail: wild, commercial and laboratory quail?’. Research on the wild quail has revealed
that their body weight and shank length are smaller by about 20 per cent than those of domestic quail. Other
characteristics of wild quail in captivity are late sexual maturity, a high incidence of non-layers and a low
egg-production rate 2% There are no differences in karyotype between wild and domestic quail. The
colony of wild quail maintained in laboratory conditions became tame after the sixth generation .

Maternal transmission of mitochondrial (mtDNA ) has been reported in humans, amphibians, insects, and
birds . Maternally transmitted point mutations and duplications in the human mitochondrial genome have
been reported in Leber disease, cardiomyopathy ¥, retinitis pigmentosa, merrgf disease, diabetes mellitus, and
cerebellar ataxia'®. The avian mitochondrial genome has been shown to be inherited uniparently and
maternally. However, there has been no detailed report on the maternal inheritance conducted with the cyt b
gene of mtDNA in birds.

Avian mtDNA is a circular genome approximately 16,770 bp in length, encoding the same set of genes,
13 proteins, 2 rRNAs, and 22 tRNAs, as does mammalian mtDNA, and it consists of coding and non-coding
regions®. Cytochrome b is one of 13 protein genes encoded by mtDNA, and it is one of the best known of
the nine proteins that make up Complex III of the mitochondrial oxidative phosphorylation system V.
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Cytochrome b is the only one of the Complex III proteins that is encoded by the mitochondrial genome. The
entire cyt b gene of Japanese quail is 1,143 bp nucleotides in length, and it appears to encode a 380-amino-
acid protein ' (GenBank accession number 1.08377).

Mitochondrial cyz b genes have been used for the identification of meat species®, and for phylogenetic
analysis in perching bird species” and in the Francolinus®. A dedicated series of studies on the nucleotide
sequence, PCR-RFLP, and a phylogenetic analysis of the D-loop region of avian mtDNA have been carried
out on domestic fowl and their related species*¥. No reports are available, however, on the PCR-RFLP of
cyt b in the Japanese quail. The purposes of this study were to investigate the RFLPs for the cyr b region of
the Japanese quail mtDNA ,to examine its cyt b inheritance, and to compare the genetic diversity between

wild and laboratory birds of this species.
MATERIALS AND METHODS

Samples. Twenty-six birds from two families (I and II) of the RM (random mating) laboratory population of
Japanese quail maintained in Gifu University, and 26 wild-type quail captured in Japan and maintained as a
closed population in the National Institute of Animal Industry of Japan for some 30 years, were used in the
present study. Family I included parents and their nine offspring, and family II included parents and their
thirteen offspring. The 26 wild-type quail had no blood relationships with each other.
MtDNA preparation. All the quail were killed by decapitation after food had been withheld from them
overnight. MtDNAs were prepared from the quail livers with the alkaline lysis method as described by
Tamura and Aotsuka®’, with a slight modification. The extracted mtDNA was used as template DNA for use
with PCR.
Survey of mtDNA concentration. The mtDNA concentrations of all the samples were measured with a
Pharmacia Biotech GeneQuant spectrophotometer.
PCR primer. To design PCR primers for the cyt b region, we compared the published sequences for
mammals, chickens?®, and quail®, and designed the following two primers:

L 14963 5-CTCCCCCAAACATCTCCGCCTGATGAA-3’

H 16092 5-GTCTTGTAAACCAAAAACTGAAGACTC-3’
The letters L and H refer to the light and heavy strands of DNA, and the numbers refers to the positions for
the 3’ bases of the primer in the complete mtDNA sequence of the chicken.
PCR. Amplification was performed in a 100 1 solution containing 6.7 mM Tris, 6.7 mM MgSO , 16
mM (NH ) S0,, 10 mM mercaptoethanol, 1 mM dNTP, each of 1 x M primers, 50 ng of mtDNA, and 2.5
units of Taql polymerase. PCR was performed at 94°C for 40 sec, and then for 34 cycles of denaturation at
94°C for 40 sec, annealing at 55°C for 45 sec, with extension at 70°C for 1 min.
Purification and restriction analysis. PCR products were purified with Centricon (Pharmacia)to remove
primers and any impurities. Eight restriction enzymes (Alul, Bsh12361, BsuRl, Cfol, Hin61, Mspl, Rsal, and
Taql) that recognize 4 base pairs, and two more (Cfr13I and Hinfl) that recognize 5 base pairs were used in
this experiment to cleave the cyt b region that had been amplified by PCR. The samples treated with
restriction endonucleases were purified with phenol-chloroform purification and ethanol extraction.
Electrophoresis. The samples were analyzed by gel electrophoresis with 13% acrylamide.
Data analysis. The length of restriction fragments was compared with the DNA standards-50-2,000 bp
Ladder of BIO-RAD on the acrylamide gel, and the band sizes were determined by using a computer program
ImageMaster 1D of Pharmacia Biotech.
Nucleotide sequence divergence. Nucleotide sequence divergence between haplotypes were estimated
according to the formula of Nei'® in the laboratory and the wild population of quail from the different
haplotypes regarding RFLPs of the cyt b region. Nucleotide sequence divergence within a
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population (Nucleotide diversity: r ) was calculated by the Ewens method ' from RFLPs of cyt b.

RESULTS

MtDNA contents. The average mtDNA contents of liver tissues measured in two families (I and II) of
Japanese quail were 367.6 u g/g and 365.8  g/g, respectively. The average mtDNA content in the liver tissue
of the laboratory population was 366.6 x g/g.

PCR and purification. A DNA band of 1,045 bp obtained using PCR was identified by 1% agarose gel
electrophoresis. The amplified PCR products of mtDNA were verified by the PCR method using the original
two primers and dot-blot hybridization. The products were purified in a MicroSpin column (Pharmacia
Biotech).

Restriction analysis. The sizes of bands produced by electrophoresis were determined by comparison with
standard size markers using graphical methods. The cleavage patterns, including band numbers and sizes, are
shown in Table 1.

Electrophoretic pattern. Each of 5, 2, 2, 4, 2 and 4 cleavage fragments was observed from BsuRI, Cfol,
Hin6l, Rsal, Taql, and Hinfl digests, respectively. No cleavage sites were found in the Bsh12361, Mspl, and
Cfr13I digestions. In the laboratory population, only the Alul digestion contained two morphologies, A and
B(Fig. 1). Type A consisted of three fragments of 430, 374, and 271 bp, while type B consisted of four
fragments of 430, 315, 271, and 59 bp. No morphs were found in the wild-type quail population.

Haplotypes. Haplotypes were determined on the basis of the electrophoretic patterns as shown in Table 2.
In the two families of the laboratory population, two haplotypes, A and B, were observed. Only haplotype A
was found in the wild-type strain, and that was the same as the one (haplotype A)observed in the laboratory
population.

Nucleotide sequence divergence. Nucleotide sequence divergence estimated between the haplotypes from
the RFLP data of the cytochrome b gene was 0.770% in the laboratory strain, and the nucleotide diversity
within the laboratory population was 0.159%. However, neither sequence divergence nor nucleotide diversity
was investigated in the wild-type strain.

Progeny test. The sires of both families yielded type B morphology with 4 bands in response to Alu I
digestion, while both dams yielded the type A morphology with 3 bands (Fig. 2). Regardless of their sex, all
chicks, 9 chicks in family I and 13 chicks in family 11, yielded three bands like their dam.

Pedigree analysis. Pedigree analysis was carried out in the two families of the laboratory population
according to the pedigree registration. As shown in the pedigree registration file in Fig. 2, No. 9317 and No.
9343 are full siblings.

DISCUSSION

In the laboratory population, of the 10 kinds of restriction endonucleases used, polymorphism was only
found in the Alu I digestion. No variations were observed in the wild population. Three enzymes, Bsh1236],
Mspl, and Cfr13l, were not suitable for the detection of the RFLPs of cyt b in Japanese quail, because these
enzymes had no cleavage site at the cy? b region in either of the two populations. The PCR-RFLP analysis of
the cyt b region revealed two haplotypes in the laboratory population, but only one unique haplotype was
observed in the wild-type quail population. The nucleotide sequence divergence (0.770%) and nucleotide
diversity ( 7 = 0.159%) estimated in the laboratory population were apparently higher than those in the wild-
type quail population. This result indicates that the genetic diversity existed in the cytochrome b region in
the laboratory population. The lack of variation in the wild quail population implies that the cyt b gene
region had remained in the original wild-gene state as a unique gene conformation.
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Our results obtained using mtDNA cyt b were in accordance with those reported by Kimura and Fujii **,
who reported on the genetic variability between wild and domestic Japanese quail populations using the 34
enzyme and protein loci. The heterozygosity (H ) estimated for the wild and domestic quail were 0.078 and
0.109, respectively . The H value estimated for the wild quail was significantly lower than that for the
domestic quail .

The distribution of wild Japanese quail covers Japan, Korea, east China, Mongolia, Siberia, and
Sakhalin. They usually breed in northern Japan in spring and summer, and then migrate south in autumn.
However, some quail breed in the mountains of their winter habitat without migrating north?’,

The domestic quail was bred from the song quail by an enthusiastic breeder around 1910, thus
inithiating the genetic differentiation of wild and domestic quail. During the following 89-year period, the
body weight and reproductive performance of Japanese quail improved markedly under artificial selection.
In 1984, the number of domestic quail was around 6 million?".

Even within such a short differentiation period, artificial selection may have played an important role in
the evolution of a number of gene mutations and variations in the domestic population. We consider that
artificial selection may be the main cause of genetic variation. In contrast, the wild population underwent
only mild natural selection, the results of which are not as serious as those of artificial selection. Therefore,
the cyt b gene conformation of the wild type population is unique and without diversity, contrary to that
observed in the laboratory population.

Cyt b-RFLP reflects the sequence polymorphism that occurred in the mtDNA cyr b exon region, and
thus represents the cyt b gene sequence conformation and characteristics of the quail population. The RFLPs
of the mitochondrial cyt b region were determined for representatives of both laboratory and wild-type quail
populations.

From the pedigree analysis using cyt b-RFLP data, the sequences were compared for parent-child pairs
and, as expected, typical maternal transmission of cyr b was observed. The sires, No. 9317 and No. 9343, of
both families in the laboratory population possess the same B type of cyr b that may have been transmitted
from their mother (No. 7176), but which they can not pass on to the next generation. The cytochorme b
pattern in offspring is determined only by their mothers, but has no relevant to their fathers. This result is in
accordance with the formal theory of maternal inheritance of human mtDNA. The sequence polymorphism
that occurred in the mtDNA cyt b region is, therefore, useful as a cytoplasmic DNA marker.

Alu I RFLP was effective in detecting cyt b variations in Japanese quail. Alu I digestion of PCR-RFLP
of the cyz b in the Japanese quail can, therefore, be used as an ideal cytoplasmic marker for tracing maternal
genealogies and establishing special maternal lines, and as the gene marker for discrimination between
specific lines or individuals in making various maternal models.

PCR-RFLP analysis of mtDNA is a powerful and comprehensive tool for the characterization of
maternal lines, and is useful for detecting polymorphism of the cyt b region in Japanese quail. Most
differences in mtDNA within and among different species can be detected directly by the PCR-RFLP
method. This method saves time and money compared to the sequencing method, especially when dealing
with a large number of samples. These techniques can also be used to study relationships within lines,
breeds, and species of Japanese quail, Chinese painted quail, and chickens.
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Fig.1. Acrylamide gel electrophoretic pattern of cytochrome b
region that digested with Alul in the laboratory quail
populaton. S and D is the sire and dam of the family I, and 1
to 9 are their nine offspring, respectively. The individual
number is the same as the sequences shown in the Table 1.
M is the DNA standard size marker, 100 bp ladder.

6812 ( d'- 7type) X 7176 (2- Btype ?)

!
! ]

9317 (- B type) 9343 (- B type)
Family 1 Family II

9317 (Sire) X 9210 (Dam) 9343 (Sire) X 9225 (Dam)

(Btype) ¥ (Atype) (Btype) 1 (Atype)

8953 & (A) 9024 & (A)
9098 &' (A) 9030 & (A)
8954 2 (A) 9120 & (A)
8955 & (A) 9124 & (A)
8956 2 (A) 9125 & (A)
9016 ¢ (A) 9128 & (A)
9017 & (A) 9129 & (A)
9019 2 (&) 8959 ¢ (A)
9020 & (A) 9022 ¢ (A)
9028 ¢ (A)
9029 ¢ (A)
9031 2 (A)
9123 2 (A)

Fig.2. Pedigree analysis in two families of Japanese quail according to the
electrophoretic patterns of Alul digestion of the cytochrome b region.
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Table 1. The numbers and the sizes of electrophoretic bands of cytochrome b after treatment with ten different

restriction endonucleases

Restriction Number of The size of each fragment
endonuclease  fragments (bp)

Alul (A) * 3 430, 374, 271

Alul (B) * 4 430, 315, 271, 59
Bsh12361 1 1075

BsuRI 5 595, 176, 147, 84, 73
Cfol 2 824, 251

Hin6I 2 822,253

Mspl 1 1075

Rsal 4 389, 293, 219, 174
Tagl 2 887, 188 )
Cfr131 1 1075

Hinfl 4 399, 308, 193, 175

*Alul has two cleavage patterns A and B.

Table 2. Restriction endonuclease cleavage patterns of cytochrome b haplotypes distributed in the wild-type and
laboratory quail populations

Restriction endonuclease cleavage pattern *

Population Alu Bsh Bsu Cfo Hin6 Msp Rsa Taq Cfr Hinf n Ratio
AWidtype A A A A A A A A A A 26 (100%)
AHaplotype A A A A A A A A A A A 24 (92.3%)

*HaplotypeB B A A A A A A A A A 2 (1.7%)

* Abbreviations of enzymes: Alu, Alul; Bsh, Bsh1236l; Bsu, BsuRI; Cfo, Cfol; Hin6, Hin6l; Msp,
Mspl; Rsa, Rsal; Taq, Tagl; Cfr, Cfr13l and Hinf, Hinfl.
A indicates haplotype A, 3% indicates haplotype B.
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