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DNA TECHNIQUES APPLIED TO THE
IDENTIFICATION OF PINCTADA FUCATA
PEARLS FROM UWAJIMA,

EHIME PREFECTURE, JAPAN

Kazuko Saruwatari, Michio Suzuki, Chunhui Zhou, Promlikit Kessrapong, and Nicholas Sturman

The genetic material deoxyribonucleic acid (DNA) is a useful indicator in identifying pearl species, provided
the extraction and amplification of a targeted component is possible from amounts of pearl powder small enough
to render the technique essentially nondestructive. This study builds on similar work carried out by Meyer et al.
(2013) but focuses on akoya cultured pearls from Uwajima in Ehime Prefecture, Japan. Here, we also target the
16S rRNA genes, the mitochondrial component of DNA to code 16S rRNA (ribosomal ribonucleic acid). We
successfully amplified the 16S rRNA gene from the mantle tissues of donor and host pearl oysters and from 5-
10 mg of pearl powder samples. The results indicate a match with the Pinctada fucata 16S rRNA gene.

odern pearl identification—including the
Mtype of pearl and any treatment applied—is

performed by applying almost exclusively
nondestructive methods. These include macro to mi-
croscopic observations, spectroscopy, chemical
analysis, fluorescence, and various forms of X-ray im-
aging (Scarratt, 2011). Surface inspection differenti-
ates nacreous from non-nacreous pearls, while
chemical analyses using X-ray fluorescence and lu-
minescence can distinguish between saltwater and
freshwater pearls (e.g., Hanni, 2000; Hinni et al.,,
2005; Kessrapong et al., 2017). Internal inspection
using X-radiography, which was introduced to gemol-
ogy in the 1930s (Dirlam and Weldon, 2013), has
evolved into high-tech X-ray computed microtomog-
raphy (n-CT). This technology enables more consis-
tent separation of natural, non-bead-cultured, and
bead-cultured pearls (e.g., Sturman, 2009; Karam-
pelas et al., 2010).

One of the ongoing challenges is to identify the
saltwater mollusk species producing white, cream,
or silver nacreous pearls, since these can form in all
Pinctada species as well as some other species, and
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can have similar appearances. As pearls are formed
by mollusks, a direct identification method would be
to find biological evidence such as DNA indicators.
(For boldfaced terms, please refer to the glossary on
pp. 48-49.)

In Brief

¢ DNA technique was applied to identify saltwater mol-
lusk species of akoya pearl from Uwajima, Ehime,
Japan.

* 16S rRNA genes, which are DNA components in mito-
chondria, were successfully extracted from the tissue of
two mollusks and from 5-10 mg of powder from four
pearl samples.

e All amplified nucleotide sequences of the 16S rRNA
genes matched with those of Pinctada fucata.

DNA studies emerged in the biological sciences
(e.g., Toro, 1998; Masaoka and Kobayashi, 2004;
Freier et al., 2008) after the development during the
1980s of the polymerase chain reaction (PCR)
method of duplicating gene fragments (see figure
1A). A number of studies on pearl oysters of the
Pinctada species (e.g., Masaoka and Kobayashi,
2006; Témkin, 2010; Masaoka et al., 2016) have in-
vestigated their nuclear and mitochondrial riboso-
mal ribonucleic acid (rRNA) and the internal
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Figure 1. Experimental flow and their images. A: The polymerase chain reaction (PCR) process
of denaturation, annealing, and extension. B: The gel electrophoresis step of the polymerase
chain reaction (PCR) process is captured here. Four plastic 1.5 uL PCR tubes, which possibly
contain amplified target DNA samples, are aligned in the orange container in the middle. The
yellow box on the left is a gel electrophoresis well set, with translucent agarose gel at the lower
well wall. The researcher is trying to remove 1 uL of loading dye to confirm the mobility of
DNA during electrophoresis, and will mix it with 1 uL of PCR product for a total of 2 uL of
mixture in the agarose gel for electrophoresis. Photo by K. Saruwatari. C: Schematic figure of
the Sanger method. The figure on the left indicates DNA fragments with fluorescent-labeled
dideoxynucleotides. The figure on the right is the electropherogram indicating DNA sequence
after detecting the fluorescence-labeled dideoxynucleotides using capillary electrophoresis.
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Box A: HISTORY OF PEARL CULTURING AT UWAJIMA

Uwajima, in Ehime Prefecture, is Japan’s main pearl cul-  for Ehime, 6,650 kg for Nagasaki, and 4,375 kg for Mie
turing area, followed by Mie and Nagasaki prefectures  (Ministry of Agriculture, Forestry, and Fisheries, n.d.).
(figure A-1, A and B). The 2014 production was 7,724 kg ~ The pearl farms in Uwajima are located along the coast-

Figure A-1. A: Map of
Japan showing the
three main prefectures
for cultured pearl pro-
duction: Ehime, Mie,
and Nagasaki. B: Ex-
panded view of Ehime
(in pink) showing the
location of Uwajima
and the Uwa-sea region
- — SC W (shaded in blue) along
Pacific Ocean - < @ the southwestern coast.
3 @& C: View of the Uwa-
jima coast, where the
floating pearl rafts are
140,000 — visible. Photo by K.
Saruwatari. D: A com-
parison of Ehime’s pearl
120,000 production from 1964
to 2014 with overall
Japanese production
during those years.
Uwajima’s pearl pro-
duction from 1989 to
2014 is also shown.
Sources: Ehime Prefec-
tural Government Plan-
ning Promotion
Division (n.d.) and
Ministry of Agriculture,
Forestry and Fisheries
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transcribed spacer (ITS) regions of nuclear rRNA According to these studies, pearl oysters can be
genes while discussing the phylogeny and identifi- classified into three groups—(1) P. maxima, (2) P.
cation of the species. margaritifera, and (3) akoya-type—that have differ-
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line (figure A-1, C), continuing to the south of Ainan.
The coastline between the two cities, referred to as
Uwa-sea, is known to produce wild akoya oysters. The
city has ranked first in Japanese production of akoya
bead-cultured pearls in both volume and value for sev-
eral recent years, according to municipal statistics (fig-
ure A-1, D; see also Ministry of Agriculture, Forestry,
and Fisheries, n.d.). Most culturing pearl farms in the
waters off Uwajima and the surrounding area were es-
tablished around 1948 (Ehime Prefectural Lifelong
Learning Center, 1984 a,b), though the oldest oyster
harvesting business listed in Ainan historical records
began in 1907.

Since 1957, the prefecture government’s policy has
been to separate akoya oyster hatcheries and pearl cul-
turing businesses, while permitting only local fish-
eries to rear mollusks. In 1967, Ehime ranked second
in Japanese pearl production (after Mie Prefecture,
where Kokichi Mikimoto first cultured pearls). But
due to a recession that began that same year, cultured
pearl export prices went into a decline that continued
until 1971. To overcome the challenging economic sit-
uation, pearl-related parties such as farmers and
traders attempted to impose controls, remove low-
quality pearls from production, reduce storage of over-
produced pearls, and apply other measures, but this
did not prevent many small businesses across Japan
from going bankrupt. However, small businesses in
the region around Uwajima were able to survive be-
cause the production of medium-size (7 mm) pearls
was less severely affected. This was due to several fac-
tors, including the relatively short culturing periods;
local sourcing of better-quality, less-expensive host
akoya oysters; and the area’s favorable fishery condi-
tions. By 1972, the Japanese pearl industry had recov-
ered and stabilized.

Ehime Prefecture ranked first nationwide in pearl
production and income from 1974 until 1996, when a
virus decimated the akoya oysters (Morizane et al.,
2001). The Uwa-sea region was unable to escape the ef-
fect of the outbreak, resulting in a drastic decrease in
akoya production to a mere 20% of the previous high.
Since steps were taken to hybridize Japanese with Chi-
nese/Vietnamese akoya oysters that would be resistant
to infection, production has recovered (Morizane, 2012)
and Ehime has been the top-producing prefecture since
2009 (Ehime Prefectural Government Planning Promo-
tion Division, n.d.).

ent nuclear 28S rRNA and mitochondrial 16S rRNA
genes. Akoya-type oysters include P. fucata (Indo-Pa-
cific region), P. radiata (eastern Indian Ocean to Red
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Sea), and P. imbricata (western Atlantic region), that
have the same nuclear 28S rRNA gene but different
mitochondrial 16S rRNA genes (Masaoka et al.,
2016). Thus, DNA investigation has demonstrated
that the members of the akoya pearl oyster group are
genetically very closely related species but distinct
genealogical units, suggesting subspecies-level dif-
ferences (Témbkin, 2010). Témkin also pointed out
that it might be meaningful to treat the three indi-
vidual akoya populations as evolutionary significant
units, because they originated from three different
geographic regions. 16S rRNA genes differ in all five
of the most abundant pearl oysters (P. maxima, P.
margaritifera, P. fucata, P. imbricata, and P. radiata),
making them very useful DNA markers to identify
the Pinctada species or subspecies.

The targeted component of the DNA, the 16S
rRNA gene, is the component necessary to code the
16S rRNA, essential in the process of biological pro-
tein synthesis. Because the cells of higher-order an-
imals are known to have many copies, the DNA
regions have the advantage of developing sensitive
PCR-based identification methods (Masaoka and
Kobayashi, 2005). Furthermore, 16S rRNA genes are
conserved within a Pinctada species but contain suf-
ficient variation between species to produce species-
specific sequences (Masaoka and Kobayashi, 2004,
2005). These sequences have been registered in Gen-
Bank, the genetic sequence database of the National
Institutes of Health’s National Center for Biotech-
nology Information (NCBI).

Using a micro-drilling method, Meyer et al. (2013)
succeeded in extracting nuclear and mitochondrial
DNA samples and identifying the pearl oyster
species as P. margaritifera, P. maxima, or P. radiata.
For the present study, akoya cultured pearl oysters
were sampled during harvesting (hamaage) in Uwa-
jima, in Japan’s Ehime Prefecture, with the purpose
of extracting DNA and the mitochondrial 16S rRNA
gene from minute amounts of pearl powder and tis-
sues of P. fucata. (For the history of pearl culturing
in Uwajima, see box A.) Our goal was to conclusively
identify the species and use that as a reference for de-
termining the whole targeted DNA sequence. The
Japanese akoya pearl oysters P. martensii and P. fu-
cata martensii have been distinguished from P. fu-
cata based on the classical biological classification
such as shell morphologies in most cases (e.g.,
Hayami, 2000; Masaoka and Kobayashi, 2004). How-
ever, their genetic properties are very similar, with
the same 16S rRNA genes, indicating that P. fucata
and P. martensii are genetically much closer to other
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TABLE 1. List of DNA samples and results.

Sample PCR using Ex-Tag® Nested PCR  PCR using KOD"  PCR data in figure 3 Sequence result
using Ex-Tag® (P, fucata matching)
Donor oyster 4 Mantle tissue o (a 524 bp (100%

Mantle tissue
9.33 mg (0.046 ct
7.37 mg (0.037 ct
6.03 mg (0.030 ct
5.27 mg (0.026 ct

o

Host oyster 14
Pearl 12 cream
Pearl 14 cream

Pearl 19 cream

)
)
)
)

> X X X

Pearl 20 cream?

) ( )

(b) 524 bp (100%)

o (d) 524 bp (100%)
X © 524 bp (100%)
o (@ 524 bp (100%)
o (f) 350 bp (100%)

2Only forward sequence data was obtained for pearl no. 20, resulting in a matching sequence molecular weight of 350 bp in total 820 bp (see supplementary figure S-1
at https://www.gia.edu/gems-gemology/spring-2018-DNA-identification-pinctada-fucata-pearls-data-supplement). © and X indicate PCR success and failure respectively.

bAn enzyme
bp = base pairs

akoya-type species such as P. radiata and P. imbri-
cata (Masaoka and Kobayashi, 2004; Wada and
Témbkin, 2008). This study treats P. martensii as a
subspecies of P. fucata, as their 16S rRNA genes have
the same DNA sequence alignments.

MATERIALS AND METHODS

The shells sampled for this project were collected
from live pearl oysters in January 2016 at Uwajima
(see the harvesting details in figure 2). Thirty-seven
pearl oysters, consisting of 28 host oysters used to
grow pearls and nine donor oysters bred for tissue
grafting, were collected after they were confirmed to
be alive and immediately transported to the Univer-
sity of Tokyo. The shells were dissected, and both the
mantle and pearl samples were frozen and stored at
—-80°C until analysis was possible. For DNA extrac-
tion experiments, the mantle tissue of a host oyster
and a donor oyster were selected together with four
pearls (see table 1).

Our strategy was to use a simple direct sequence
method consisting of three experimental steps: (1)
DNA extraction and subsequent purification, (2) am-
plification and detection, and (3) sequencing. For the
first steps of DNA extraction and purification, 16S
rRNA gene extraction from mantle tissues was per-
formed using a general phenol-chloroform extraction
process (see Suzuki et al., 2004), whereas 16S rRNA
genes were obtained from pearl powder samples using
a method similar to that described in Meyer et al.
(2013). The second step of DNA amplification con-
sists of the PCR and nested PCR methods (figure 1A).
The PCR method consists of three repeating
processes: denaturation, annealing, and extension
using the PCR machine. Denaturation is separating
the targeted DNA double strands, called “DNA tem-
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plates,” into two single strands. Annealing is a con-
necting process of the single DNA strands with for-
ward or reverse primers, which are artificially aligned
short nucleotides (about 10-15 nucleotides). Exten-
sion is extending the double chain of the single DNA
strands with available nucleotides, called deoxynu-
cleotides (see figure 1B). These three processes are re-
peated for 30-40 cycles, and targeted DNA (the 16S
rRNA gene) should be amplified exponentially. The
nested PCR method is known to improve PCR sensi-
tivity for specific DNA amplification and is often
used for complementary DNA cloning (e.g., Suzuki
et al., 2004; Liu et al., 2007), as well as to recover an-
cient DNA (e.g., Salo et al., 1994; Yang et al., 1997).
Meyer et al. (2013) also applied the nested PCR
method after drilling pear]l samples to obtain as little
as 10 mg of powder and succeeded in amplifying nu-
clear ITS2 regions (refer to glossary for the definition
of ITS). The determination of whether DNA was am-
plified was performed using a gel electrophoresis
method (figure 1B). Negatively charged DNA mole-
cules migrate though the gel when an electric field is
applied and are separated based on their size. Thus
this method produces the quantity and approximate
molecule size of amplified DNA necessary for the
third step of sequencing. We applied the Sanger
method to determine the nucleotide arrangement (fig-
ure 1C), added fluorescent-labeled dideoxynucleotides
to amplify the DNA template, and subsequently gen-
erated DNA fragments as the dideoxynucleotides ter-
minated the DNA extension process (figure 1C, left).
The DNA fragments were separated by capillary elec-
trophoresis on the basis of the size, producing the
electropherogram as the final sequence result (figure
1C, right). The detailed DNA extraction to detection
methods are described in box B.
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RESULTS AND DISCUSSION

Figure 3 shows the PCR and nested PCR products of
the 16S rRNA gene obtained from the gel elec-
trophoresis process. All the bands appeared at ap-
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Figure 2. Between No-
vember and January of
each year, pearls are har-
vested at Uwajima from
akoya shells operated on
either six months prior
(classified by the Japan-
ese as tonen-mono) or 18
months prior (koshi-
mono). A: An Uwajima
pearl farmer’s work hut.
B-F: Various scenes from
harvesting in a shed on
one of the floating rafts.
B: Oysters are removed
from a net on the floor to
separate the living mol-
lusks from the dead
ones. C: After the shells
are opened on a table,
the adductor muscles
are removed and the
other soft tissues are sep-
arated. D: The liquefied
soft tissues containing
the bead-cultured pearls
are collected in a blue
plastic bucket. E: The re-
maining organic matter
containing smaller
“keshi” pearls is poured
into a separator to re-
move the keshi pearls. F:
The bead-cultured pearls
are placed into a wooden
box for cleaning and
subsequent inspection.
Photos by K. Saruwatari.

proximately 500 base pairs (bp) of molecular weight
markers, and the resulting forward and reverse se-
quences mostly matched with 524 bp of P. fucata
(see table 1 and supplementary figure S-1 at
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Box B: PEARL DNA EXTRACTION TO DETECTION—EXPERIMENTAL DETAILS

To prepare the samples for testing, we cleaned the
pearls in 4% sodium hypochlorite solution for 20
minutes with no obvious change of appearance, and
then peeled the nacreous layers using a drill to obtain
minute samples of pearl powder (5.27-9.33 mg, or
0.026-0.047 ct; see table 1 and figure B-1). The pearls
were severely damaged since they were only in the
mollusks for around six months (tonen-mono) and
possessed very thin nacreous overgrowths. The effect
of the bead nucleus is considered insignificant be-
cause the nuclei are mostly produced from Missis-
sippi River mussels—i.e., Fusconia flava, Potamilis
alatus, and Quadrula quadrula—belonging to the
Unionidae family (Dirlam and Weldon, 2013).

The 16S rRNA genes of the three Mississippi
River mussels mentioned above are registered in
GenBank; their homologies (shared ancestries) with
the 16S rRNA gene of P. fucata are only 52-53%.
This indicates that the PCR primers for Pinctada
species will not amplify the 16S rRNA genes present
within bead nuclei.

The powder samples from each pearl were dis-
solved in 500 microliters (uL) of 0.5 M EDTA (pH 8)
and vigorously vortexed for two minutes and subse-
quently incubated overnight at 56°C in a water bath
in accordance with the procedures of Meyer et al.
(2013). For DNA extraction we used the commercial
FastDNA SPIN Kit for Soil (MP Biomedicals) in ac-
cordance with the manufacturer’s recommendations,
with two exceptions:

1) Rather than using the Lysing Matrix E tubes
provided in the kit, the 978 puL sodium phos-
phate buffer was added directly to the mi-
crofuge tube of pearl-EDTA solution.

2) Instead of performing the fourth step of ho-
mogenization with the FastPrep instrument,
the samples were vortexed vigorously for two
minutes.

The extracted DNA samples underwent PCR am-
plification using a Takara TP600 PCR Thermal Cy-

www.gia.edu/gems-gemology/spring-2018-DNA-
identification-pinctada-fucata-pearls-data-supple-
ment). For one pearl sample (no. 20) we only
obtained the forward sequence with 820 bp in total.
However, the part of the sequence with 350 bp is
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cler Dice Gradient). PCR was carried out with a mix-
ture of 0.25-0.50 uL of DNA template, 0.05 uL
Takara Bio’s Ex-Taq PCR enzyme, 1 puL of PCR en-
zyme buffer, 1 pL of INTP mixture (2.5 mM), 0.5 pL
of each forward and reverse primer (10 mM; forward
5'-CGCCTGGTTGATTAAAAACATTGCTGC-3'
and reverse: 5'-CCGGTTTGAACTCAGATCAC-
GTA-3') according to Meyer et al. (2013), and 7 uL of
Milli-Q water. The total amount was 10.30-10.55 pL
for the PCR process. The PCR cycle involved a pre-
reaction step at 96°C for three minutes, followed by
35 cycles of denaturation at 96°C for 30 seconds, an-
nealing at 55°C for 30 seconds, and elongation at
72°C for 30 seconds. Nested PCR followed the same
procedure as the first PCR process but used inner
primers (forward: 5'-AAAAACATTGCTGCAC-
GGA-3' and reverse: 5'-ACTCAGATCACGTA-
GGGCTT-3').

Initial attempts at amplifying DNA from three
pearl samples using the Ex-Taq enzyme did not suc-
ceed; another attempt, using a different PCR en-
zyme, KOD FX Neo (Toyobo Co., Ltd.), was
successful (see table 1). PCR using KOD FX Neo en-
zyme was carried out with a mixture of 0.5 pL of
DNA template, 0.5 pL of PCR enzyme, KOD FX
Neo, 12.5 pL of PCR enzyme buffer, 5 uL of dNTP
mixture (2 mM), 0.5 pL of each forward and reverse
primer, and 5.5 pL of Milli-Q water. The total
amount was 25 pL for the PCR process. After detect-
ing the amplified DNA using the gel electrophoresis
method, the amplified DNA samples were concen-
trated by ethanol precipitation and diluted using 10
pL distilled water. The samples were then divided
into two 5 pL batches. The forward and reverse se-
quencing were prepared by adding 0.5 pL of primer
(10 mM) to each batch and diluting that into 13 uL
for the next sequencing process. While all the sam-
ples were prepared by authors KS and MS, the 16S
rRNA sequencing was outsourced to the Japan Food
Analysis and Biotechnology Company (FASMAC),
where the Sanger sequencing method was applied.

perfectly matched within the part of the 524 bp
range expected for P. fucata and not with sequences
of the other Pinctada species on record, including P,
radiata and P. imbricata (see supplementary figure
S-2 at https://www.gia.edu/gems-gemology/spring-
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Before

2018-DNA-identification-pinctada-fucata-pearls-
data-supplement). Thus, all the 16S rRNA gene sam-
ples obtained matched P. fucata.

In this study, it was possible to extract DNA from
5 to 10 mg of pearl powder, but the pearls were se-
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Figure B-1. The akoya
pearl samples used in
this study. The photos
on the left show the
specimens in plastic
bags (along with the
host oysters) before the
powder samples were
obtained. Photos by K.
Saruwatari. The photos
on the right, taken after
the powder samples
were obtained, show se-
verely damaged pearls
and exposed inner nu-
clei. Photos by S. Nagai.

verely damaged in the process (see figure B-1, right
column). To apply the DNA methods effectively
within the pearl industry, further improvements to
the extraction step are clearly needed. Reducing the
sample size required to approximately 0.01 mg
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MW (b)) MW

(c) MW ) () MW

1100 bp
500 bp

Figure 3. Experimental results of the gel electrophore-
sis process; letters (a)—(f) correspond with those in
table 1. MW (molecular weight) markers for (a) and
(d) were obtained from two separate gels during each
electrophoresis experiment. The sequence data results
are given in table 1. Photo by K. Saruwatari

would be one such improvement. This would equate
to the approximate amount ablated during laser ab-
lation-inductively coupled plasma—mass spec-
troscopy (LA-ICP-MS) chemical measurements
(Hinni and Cartier, 2013). DNA amplification using
PCR was improved by (1) the application of the
nested PCR method and (2) the use of two different
types of PCR polymerase: Tag-type and KOD-type
(summarized in table 1).

A powder sample was obtained from pearl sample
no. 14 to successfully amplify the 16S rRNA using
the nested PCR method with a Tag-type polymerase
similar to that applied by Meyer et al. (2013). The
DNA of the other three pearl samples was amplified
using only the first (non-nested) PCR with a KOD-

GLOSSARY

Base pair (bp): A pairing of the molecules that comprise
DNA, specifically an adenine (A)/thymine (T) or guanine
(G)/cytosine (C) pair.

Deoxyribonucleic acid (DNA): The hereditary material in
humans and almost all other organisms. Most DNA is lo-
cated in the cell nucleus, but a small amount can also be
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type polymerase. The advantage of KOD-type poly-
merase is that it has 3'—5' exonuclease activity
(Morikawa et al., 1994), which is an active process
mechanism of “proofreading” the polymerase chain
reaction. The Taq polymerase does not have this
proofreading activity. At present it is not known why
different polymerase activities for the pearl samples
occurred, but they may help amplify 16S rRNA genes
in various pearl powder samples.

Future research needs to address the effects of any
treatments, such as maeshori or bleaching, on DNA
extraction. Although the species and distinction of
the akoya-type pearl oysters are still under discus-
sion, the draft genome of P. fucata has been provided
by Takeuchi et al. (2012) and ongoing DNA studies
will continue. Future results will aid in species iden-
tification and may also provide evidence of the geo-
graphic region where pearls formed, benefiting the
pearl industry in matters of traceability.

CONCLUSIONS

The 16S rRNA genes extracted from the mantle tis-
sues of one donor shell and one host shell fully
matched the complete sequence of P. fucata. The 16S
rRNA genes extracted from the powder of the nacre-
ous layers of four bead-cultured pearl samples were
also found to match the sequence of P. fucata. Thus,
the pearl oysters and pearl samples obtained in Janu-
ary 2016 from Uwajima were categorically identified
as originating from P. fucata species. From a method-
ology perspective, it was possible to identify the P.
fucata 16S rRNA gene from only 5 to 10 mg of pearl
powder sample weight, compared to the 10 to 100 mg
quantity previously reported by Meyer et al. (2013).
This reduced sampling is important when analyzing
pearls of historical significance and value.

found in the mitochondria. Complementary DNA is DNA
synthesized by reverse transcription reaction of messenger
RNA.

Dideoxynucleotide: A type of nucleotide that terminates
the DNA extension process, as it does not contain the OH-
(hydroxyl) groups needed for extending DNA chains.
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Electropherogram: Diagram produced by electrophoresis.

Exonuclease activity: An activity of an enzyme to hy-
drolyze a DNA chain sequentially from the end of a
polynucleotide molecule.

Evolutionary significant unit: A population of subspecies
organisms that is considered distinct for conservation
purposes. Proposed by Ryder (1986).

Gene: The basic physical and functional unit of heredity.
A “gene” is encoded by DNA and usually acts as a tem-
plate to make a protein.

Internal transcribed spacer (ITS): The gene regions be-
tween nuclear rRNA genes.

Koshi-mono: The Japanese term for akoya cultured
pearls removed from mollusks 12 months or more after
seeding.

Mitochondrion: An organelle in cells that have a nu-
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