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Summary : The emu (Dromaius novaehollandiae) is a ratite native to Australia. Various products, includ-

ing oils, meat, and eggs, can be obtained from the emu, making it a useful industrial animal. The genetic

improvement of the emu is essential for the development of emu farming. To estimate the genetic diver-

sity of the domestic emu population in Abashiri, we investigated mitochondrial DNA (mtDNA) and micro-

satellite DNA polymorphisms. The D-loop region of mtDNA was sequenced, and two haplotypes were de-
tected: 15792C/16114G (a-haplotype) and 15792T/16114A (b-haplotype), with respective frequencies of 0.96
and 0.04. Therefore, the a-haplotype was overwhelmingly prevalent in the Abashiri population. Addition-

ally, four microsatellite loci were genotyped, and polymorphism was detected at all markers. The average

number of alleles at these markers was 7.25, and the average observed heterozygosity (H,) was 0.52,
compared to an average expected heterozygosity (Hz) of 0.59. Therefore, we speculated that high genetic
diversity was maintained in the Abashiri emu population.
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Introduction

The emu (Dromaius novaehollandiae) is a ratite native
to Australia that provides oils, meat, and eggs”. Emu oil,
which contains massive amounts of unsaturated fatty ac-

2-9)

ids, has been especially used in therapeutics”™ and cos-

metics'”. In addition to these useful traits, emus possess
a mild character and adaptation ability, encouraging

. . . . . 11
their agriculture in various regions'”.

In the city of
Abashiri, which is located in eastern Hokkaido, Japan, a
pair of emus were first introduced from a farm in the
USA in 1999, and were supplemented by 20 individuals
from farms of Australia and Japan. Currently, the popu-
lation of farmed emus in Abashiri is approximately 540
individuals, which are largely bred as livestock for the
production of oils, meat, and eggs to stimulate the local
economy. Hatching, breeding, and feed conditions have
previously been investigated to determine the optimal
conditions for emus in cold regions”'“).

However, unlike in other livestock species, scarcely
any genetic improvement has been conducted in the

emu. To improve the productivity of the emu population

in Abashiri, its genetic structure must be understood.
Mitochondrial DNA (mtDNA) and microsatellite DNA
are useful genetic markers for individual identification
and the determination of parentage in various organisms.
In this study, we investigated genetic diversity in the
Abashiri emu population using polymorphisms of the
mtDNA D-loop region and four known microsatellite
DNA markers.

Materials and Methods

Sample collection

We collected feather samples from 83 chicks hatched
in 2013 at the emu farm, Okhotsk Emu Land in the city
of Abashiri. These 83 individuals may contain sibling and
consanguinity, because they were produced by random
mating in the large-scale rearing.

DNA extraction and sexing

Genomic DNA was extracted from the feathers using
DNAzol reagent (Life Technologies, Grand Island, NY).
Sexing via PCR-RFLP analysis using Bg/lI (New England
Bio Labs, Ipswich, MA) on the ESEX gene was per-
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formed according to previously described methods'.

mtDNA analysis

We amplified a large mtDNA fragment using KOD FX
(TOYOBO, Osaka, Japan) with the primers emu_H14335_
LA (5-ATT TAC ACT CAT ATT TAT CCC TCT CCT
AAT C-3) and emu_L4034_LA (5-GTA ATA GTT GAA
CCC GTA ATA AGA CTA AGT G-3), which were de-
signed from a reference sequence (NC_002784)16>. Ampli-
fication was conducted at 94°C for 2min, followed by 40
cycles of 98C for 10s and 68C for 8 min. The PCR prod-
ucts were separated on 1% agarose gel and purified using
the QIAquick Gel Extraction Kit (Qiagen, Valencia, CA).
DNA sequencing of the D-loop region was performed for
23 individuals using an Applied Biosystems 3730x] DNA
Analyzer (Life Technologies) with the following primers:
emu_L15709 (5-TAT CAG GCA TGG ACT ACA TTC
AAT ATA C-3) and emu_H16416 (5-GAG GAG GGT
GGA AAT ACC ATA AC-3).

Microsatellite DNA analysis

DNA samples from 83 individuals were amplified using
AmpliTag Gold DNA polymerase (Life Technologies)
with fluorescence-labeled primers (Dn28, Dn35, Dn06,
and emul8)'™. PCR was conducted at 95°C for 10min,
followed by 35 cycles of 94C for 30s, 64C for 30s, and
72C for 1min. The PCR products were separated on a
Beckman CEQS8000 instrument (Beckman Coulter, Fuller-
ton, CA) using a size standard, and the fragment sizes
were determined using fragment analysis software. The
heterozygosities of the four loci, based on the genotype
data sets obtained from fragment analysis, were estimat-
ed using GenePop 4.2'.

Results and Discussion

Sexing based on PCR-RFLP analysis identified the
sexes of all chicks. The numbers of males and females
were 48 and 35, respectively, and this ratio was consis-
tent with a theoretical value of 1:1 (P>0.1).

We sequenced a 444-bp segment of the D-loop region,
compared it among 23 individuals, and detected two nucle-
otide substitution sites, at 15,792-nt and 16,114-nt of the
reference sequence (NC_002784)". Although the 15792C/
16114G haplotype (a-haplotype) was found in nearly all
individuals, the 15792T/16114A haplotype (b-haplotype)
was detected in one individual, yielding a ratio of 0.96 to
0.04 (Table 1).

Consequently, only two haplotypes were detected in the
Abashiri population, indicating two maternal lineages with
major (a) and minor (b) haplotypes. In a previous report,
four substitution sites were detected in the D-loop for

20)

emus of this region™ . Although the majority of Austra-

Table 1 mtDNA haplotypes observed in the
Abashiri emu population

Nucleotide position (nt)  Frequency
Hapl
WONPE TISr0r 16114 (n =23)
a C G 0.96
b T A 0.04

Nucleotide position according to the reference
sequence (NC_002784).

lian individuals show the a-haplotype, the minor b-
haplotype has been observed in New Zealand individuals
and in the ancient species®. Therefore, we speculated
that mtDNA diversity of the emu is generally poor, and
that the Abashiri population contains two largely diver-
gent maternal lineages derived from both farmed and
ancient origins.

We genotyped four microsatellite loci in 83 individuals
and detected polymorphisms in all of the microsatellite
markers. The numbers of alleles in Dn28, Dn35, Dn06,
and emul8 were six, five, nine, and nine, respectively,
and the average number of alleles were 7.25. The frag-
ment sizes of Dn28, Dn35, Dn06, and emul8 were 98-
122, 127-143, 227-381 and 153-175 bp, respectively (Table
2). The allele frequencies showed deflection in all mark-
ers except Dn28, and some minor alleles were detected
in all loci. The major allele sizes and frequencies of Dn35,
Dn06, and emul8 were 141 (0.84), 277 (0.51), and 165 bp
(0.51), respectively. The observed heterozygosities (H,)
ranged from 0.02to 0.78, with an average of 0.52, and the
expected heterozygosities (Hy) ranged from 0.28 to 0.73,
with an average of 0.59 (Table 2). Among these markers,
a remarkable deficiency of heterozygosity was observed
for Dn35. We speculated that this result may have been
caused by the presence of null alleles or by random ge-
netic drift due to taking data from only one generation.
However, it has previously been reported that the num-
ber of alleles and heterozygosity of Dn28 were poor in a
Chilean emu population'®. These results suggest that the
emu population of each country may have a different ge-
netic composition. Although slightly lower heterozygosity
was observed in the Abashiri population compared to
that of previous studies™® ', heterozygosity was over 0.5
at all loci except Dn35. Therefore, we speculated that
high genetic diversity is maintained in the Abashiri emu
population. Additionally, the power of discrimination (Pp)
values of Dn28, Dn35, Dn06, and emul8 were 0.87, 0.54,
0.79, and 0.88, respectively (Table 2). The high P, values
of Dn28 and emul8 indicate their usefulness as genetic
markers for parentage testing of emus.

This study represents the first report to investigate
genetic structure in a Japanese emu population. This ge-
netic information will be useful for the development of
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Table 2 Number of alleles, allele frequency, and heterozygosity of four microsatellite markers observed in the

Abashiri emu population

Markers N, Allele size (bp) Alleles (upper) and Allele frequency (lower) H,/H, P,

Dn28 6 98 - 122 9 110113 119122 0.73/0.69 0.87
0.01 0.02 037 025 027 0.08

Dn35 5 127 - 143 127129 139 143 0.28/0.02 0.54
0.01 0.01 0.12 0.84 001

D6 9 227 -381 227 275 277 281 283 305 377 381 0.66/0.57 0.79
0.01 0.06 0.51 027 0.08 005 001 001 0.01

omul8 9 153 - 175 153 157 159 165 167 171 173 175 0.70/0.78 0.88

0.02 0.02 0.02 0.08

0.51 0.07 0.01 0.11 0.14

N,,Hg,H,,and P, indicate number of alleles, expected heterozy gosity, observed heterozy gosity, and power of discrimination

respectively.

genetic markers to select emu pedigrees with desirable
productive traits.
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