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T 7 Takifugu rubripes V&, B T, ST,
WP NVE, BAWED O ARERIR RO HNTIAL &
ML, SSHEOERREME L TBEINDZ L
D DIEMBEE, — RS S D BRI 4
BFED—D L 72> T D, AROFEFIL, 1930 4F
AT AT BN TRIR T S 7o @k % 34%
LIz Z EMBIRE 72 (), 1988), D%, 1989
RIZIIAFEORTEATERY 1,657 o ThoT-b
DOH 1992 FZiE 4,000 hrE#x, FHLABT
2008 £4£F THI 4,000 h2>5 5,000 b RIS T
& LTZAEPEDRE N TN D (RMOKPERE, 1989-2008),
AT, WEI0ICKABEE Y oL, ffoik
REDEIABIROESOFHERRKE, S BIZ,
AREDOTEE AEPEHANAHET U, SEEFFES AR
RoleZ & T, NTHEENTEMICHBETX 16
HlAHE S 7= Z & b K&K THD (Chuda et al.,
1997), — 5. KK T 7 7 OMERIT 240 o
(2008 )Y TH Y, BIE LT 7 7 DHTD> 6%I12T
T\, I, TEEOHEM N T 7 7 OfARN
AL, 2001 121X 2,000 o &2#8 %, 2004 4RI
% 4,800 ko EERNBEESL LRlo7, Ziuck
D, ENERNT 7 S OMMMENRE LERE NT 77
ER IR Efeha Mz Tz, L)L, 2006 42 5%
BEIRSICHET IR YT 47V R ME| 28N
LizZ &l EonT ey REDGOMARL
2008 £ TiX 2,000 hrLED LTV (MEA,
2001-2008), BIfED & Z A, N7 7 FOFEITAA
BIOWE RO TWDEN, 7 7ENREIESH
TWAHETIIEARNS D7 VS HEEZEA L
77RO EBEL TR, VWEskETO
WEIERDPEF SN D, L, BRIz
BN T 7 7 ORI RRR OISR, HEED
MARIZL Y REAEFEEIND D 2, FESDBRIH
DEMSIC X W EEENT 2 FRL BT 6h 5,
Ihz, FIRT 272012, Bl (EREE) k
T T OEENEEENE LIRS TND, B
Wi, TEDRRRAD T, BLRDS RV, WER R,
Z L TRSRUTTROVEDRBIBI DR D ST 5,

XS EmMED NI T IREEEAEFELTHL,
FTROLEBAITo TN Z & T, BENT 7S
DAt DLEE L RERE ~ T 7 7 L OZERHENK
biv, BED T T IHEREE L UTOEMMEE
RO EAIRBIZAR D L HIfF S LD,

NI T INET ) DA A RO 84D 1 FRE
& X7 NaTz ¥ (Brenner et al, 1993), f¥ED
TTET 7 2PN R RS M
(Aparicio et al,, 2002), DTz, ZDH ) LliFHR
AR LEBEAOMERE E-> TS, vl
BRBO, "I TTOFEREET>TN IR T2D
DORELZPEPH D, 128K NT7 7 71383
FTITHEDS 34E, HEN 24E2 BT 5720, MfEfE
BUZ MBI ARIZ 26 < DEFB 2309 = Lz B,
2 DEITBADYA XPIEFIZRENZ L TH D,
ERRIC, —R7e N T 7 IR E
ADD TAEET0.6~1 kg DV XA THEFL TV
L0, b7 7 FBIAIL 2 4FLL BT 2~5kg
DY A RETHET HMERSH D, T 77 ER
(WD BAEHEREFE L T < e DIZi@R o
BIEL 0, R, ARG & FHNNEE
2o T %, £Z T, N7 77 OMRIER ORHE
BT A ZOMF/INDTE BHARIHILE, T
PNEZRRCE T 7 Y BRICKE {HIRTE S
LIRSS,

AMRETIX, 7 v~ 1 Thunnus orientalis O
LD AR E S REE 2 AR LT
REGFAHIEE WD Z & T 21 X< 9 offifE
AR 275 K 9 &3 DRI HEA TV D,
RIBBUAEIE L1, HHRAOEUR T ZRIFEDER
F 2R —FEDORMARIZEE XD HIETH 5,
ZOBIFC XY | P EO R\ R/ VG
BRES TRRICAE T T2 2 &0, Mk
AR A E R D Z ERHERIC R D EHIE SN
TWD, AREFFEETIE, TNETIZ, =U<X
Oncorhynchus mykiss FEJFANL % . [FJE DY~ A
Oncorhynchus masou ¥ 7 X R B © 14 U F
Salvelinus leucomaenis HEFIIFBAET 5 2 & T, 1%
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(Okutsu etal., 2007, BE: 5, 2008), FEFEARRRHEE
iid. BHETIEERICEI SN TRY . [FHEHE
D =X Nibea mitsukurii —=-~ (A, 2010)F X
WEB B D~ 7 ¥ Trachurus japonicus — 7Y
Seliola quinqueradiata (516 &, 2011)DAFFEIZ RV
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»HDH=~_—71 (Higuchi et al, 2011)& L O~
Scomber japonicus — =~ (Yazawa et al., 2010) i
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TRIBTH D2 Y7 J Takifugu niphobles (275 B
L. 77 7RISR L0 7 37 7RERE
b N7 7 TEMRTEBRLZ L BRI, 7Y
77 L N7 IR KD AR DA
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BCiBF 24T D (Miyaki, 1992), Z D72, ~7
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BFEZEAD. b LIImERELAHET 52
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7" Takifugu poecilonotus .
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(Gonadal development and fertility of triploid
grass puffer Takifugu niphobles induced by cold
shock treatment): Marine Biotechnology (2012).

Abstract

Tiger puffer Takifugu rubripes is one of the most
valuable fish species in Japan; however, there has not
been much progress in their selective breeding until
recently, despite their potential in aquaculture. Their
long generation time and the large body size of their
broodstock make breeding difficult. Recently, we made
a surrogate broodstock, which produce gametes of
different species in salmonids. Therefore, by using
closely-related recipients, which have small body sizes
and short generation times, it is possible to accelerate
breeding of the tiger puffer. Thus, we considered the
grass puffer Takifugu niphobles, which has a short
generation time and a small maturation size, as a
potential recipient for gamete production of the tiger
puffer. Furthermore, if sterile triploid individuals are
used as recipients, the resulting surrogate broodstock
would produce only donor-derived gametes. Therefore,
we examined conditions for inducing triploidy by
suppressing meiosis Il to retain the second polar body in
grass puffer. We found that cold shock treatment, which
is 5°C for 30 min starting from 5 min after fertilization,
is optimal to obtain high triploidization and hatching
rates. Although the resulting triploid grass puffers
produced small amounts of gametes in both sexes, the
offspring derived from the gametes could not live for
over 3 days. Furthermore, we found that triploid grass
puffer showed normal plasma sex steroid levels
These

characteristics of triploid grass puffer as surrogate

compared with diploids. are important

recipients used for germ cell transplantation.

Introduction

The tiger puffer Takifigu rubripes is one of the most
valuable fish species in Japan. To date, techniques for
broodstock management, artificial induction of
maturation and ovulation, and seed production have
been well established (Miyaki et al. 1992; Chuda et al.
1997; Matsuyama et al. 1997). However, there has been
little progress in selective breeding until recently despite
its importance for future aquaculture. Therefore, the
production of strains carrying desired genetic traits, such
as high growth performance or disease resistance, is a
pressing issue.

The genome of the tiger puffer was selected as the first
model species used for genome sequencing (Aparicio et
al. 2002) because of its compact genome size, which is
about one eighth that of the human genome (Brenner et
al. 1993). Since a high density genome map is available,
the selective breeding of this species is expected to be
developed rapidly (Kikuchi et al. 2007; Hosoya et al.
2008). However, there are two major obstacles to
selective breeding the tiger puffer. First, they have a long
generation time of 3 years until maturation, and second,
the parental tiger puffer has a large body size of about 2
to 5 kg, which is two to eight times larger than the
average market size (0.6-1 kg). Therefore, lots of time
and space are required to maintain their broodstock
compared to the production of market-sized fish. Thus,
if there are techniques to reduce the generation time and
body size of parental fish, it would accelerate the
selective breeding of the tiger puffer.

Previously, we developed an interspecies germ cell
transplantation technique to create salmon broodstock
that could produce functional trout gametes (Takeuchi et
al. 2004; Okutsu et al. 2007). Donor-derived trout type
A spermatogonia (A-SG), which reside singly
surrounded by Sertoli cells, were microinjected into the
peritoneal cavities of newly hatched salmon larvae.
A-SG

subsequently colonized, the recipient genital ridges. We

Donor actively migrated toward, and



also found that A-SG can differentiate into functional
sperm and eggs depending on the sex of the recipient
fish (Okutsu et al. 2006). If the A-SG of tiger puffer
could be transplanted into a closely related species with
a small body size and short generation time, they could
potentially proliferate and differentiate into mature eggs
and sperm in the gonads of the surrogate parent fish.
Thus, by using surrogate broodstock, we could
overcome the obstacles of long generation time and
large body size of the tiger puffer.

The selection of suitable recipients is an important
factor when developing a spermatogonial cell
transplantation system. Previously, we succeeded in
achieving the production of gametes of rainbow trout,
Oncorhynchus mykiss, using the masu salmon
Oncorhynchus masou and Japanese charr Salvelinus
leucomaenis as recipients (Okutsu et al. 2007, 2008a, b).
However, producing gametes of the yellowtail Seliola
quingueradiata from surrogate nibe croaker Nibea
mitsukurii recipients has not yet been achieved (Higuchi
et al. 2011). In the former two cases, intrafamily
transplantation was performed, while in the latter case,
interfamily transplantation was performed. Therefore,
we considered the grass puffer Takifugu niphobles as a
candidate recipient for gamete production of the tiger
puffer, which belongs to the same genus, Takifugu. In
fact, grass puffer can be hybridized with tiger puffer, and
reciprocal hybrids are viable and fertile, suggesting that
the genetic distance between the two is relatively close
(Miyaki 1992). More importantly, the egg size of grass
puffer is quite similar to that of the tiger puffer (Miyaki
1992). Furthermore, the maturation age of the grass
puffer is less than that of the tiger puffer (Uno, 1955).
Grass puffer males mature as early as 10 months of age
(Hamasaki, unpublished data), which is about half that
of the tiger puffer. In addition, grass puffer can be reared
in small spaces, because their maturation size is 13 g,
which is less than 1/150 of that of mature tiger puffer.
Thus, the grass puffer fulfills all the conditions required

to be a surrogate parent to produce gametes of the tiger

445 20194

puffer.

In addition to the selection of suitable recipients,
another important step for success in spermatogonial
cell transplantation is sterilization of the recipient fish.
Okutsu et al. (2007) reported efficient donor-derived
gametogenesis by using sterilized recipient salmonids.
Furthermore, we found that their sterility was fully
rescued, that they produced functional donor-derived
gametes, and that their fecundity was quite similar to
that of control diploid fish (Yoshizaki et al. 2011). To
date, various sterilization methods, such as knock-down
of the dead end genes (Ciruna et al. 2002; Weidinger et
al. 2003), triploidization (Felip et al. 2001a), and inter-
species hybridization (Suzuki, 1963; Murata, 1998;
Yamaha et al. 2003; Wong et al. 2011) have been
reported. In grass puffer, however, microinjection to
dead

oligonucleotide into fertilized eggs has not been

deliver an antisense end morpholino
established. Furthermore, mass production of knocked-
down fish is impractical. Hybrids between the grass
puffer and tiger puffer produce fertilizable gametes, and
offspring made using the gametes are viable (Miyaki,
1992). Therefore, in this study, we tried to achieve
sterilization of grass puffer recipients by the induction of
triploidy. It is noteworthy that triploids can be produced
in large quantities by a relatively simple procedure.

The induction of triploidy has been achieved in many
fish species by treatment designed to prevent extrusion
of the second polar body of fertilized eggs (Maxime,
2008). Preventing this extrusion can be achieved by
applying cold, heat, or pressure shocks (Felip et al.
2001b; Tiwary et al. 2004). Triploids are generally
sterile due to the irregular meiotic division of
chromosomes, resulting in reduced gonadal
development (Piferrer et al. 2009). However, gonadal
development and gametogenesis of triploids are highly
variable between species or sexes (Felip et al. 2001b;
Piferrer et al. 2009). In this paper, we examined the
optimal conditions for inducing triploidy in grass puffers
by preventing extrusion of the second polar body.
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Furthermore, we examined the gonadal development of

the resulting triploids and the fertility of their gametes.

Materials and Methods

Broodstock and Gamete Collection

Three hundred parental grass puffers were collected
with a settled net from Omura Bay, Nagasaki, Japan in
December 2009. The sex ratio of these fish was about
1:1, and the body weight was 20 to 120 g. They were
transferred to the Nagasaki Prefectural Institute of
Fisheries, Nagasaki, Japan, and were kept in indoor
tanks (12,000 L) with a flow of seawater under natural
conditions until maturation. In May and June of 2009
and 2010, which is the spawning scason of the grass
puffer, a total of 52 females with oocyte diameters of
650 to 800 pm were injected into their dorsal muscles
with 500 IU human chorionic gonadotropin (hCG) per
Oocytes
measurement were biopsied using a polypropylene
cannula via oviduct. Forty-eight to 72 h after hCG

injection, all fish that were found to have ovulated were

kg body weight. used for diameter

stripped manually, and eggs were fertilized with milt.
Milt was collected by pressing the abdomen of males
without hCG treatment during this period.

Growth and Survival Rates of Cold Shock-Treated
Eggs

After fertilization, a single clutch of eggs was treated
with 0.05% tannic acid for 15 s to remove the
adhesiveness of the eggs (Miyaki et al. 1998). Then the
eggs were separated into two groups. Eggs in group 1
were incubated in seawater at a temperature of 20°C and
used as a control group. Group 2 received a 30-min cold
shock at 5 min after fertilization, and designated as the
cold shock group. The effects of temperature during
cold shock treatment on the developmental and hatching
rates were examined at 2 h postfertilization (hpf) (two-
cell stage) and 280 hpf (hatching stage), respectively.

Group 2 was divided into three temperature gradients:
0°C (0.06 + 0.06°C), 3°C (2.9 0.1°C), and 5°C (5.3 +
0.1°C) cooled by a chiller (CL-80R; Taitec, Saitama,
Japan). The eggs cold-shocked at 0°C and 3°C were
obtained from two females, and the 5-°C cold-shocked
eggs were obtained from four females. After the cold
shock treatment, the eggs were reared at 20°C. For both
group 1 and 2, 100 larvae were placed in 10-1 tanks
under natural water temperatures (19-21°C). The total
lengths were measured for five larvae. The total length
and survival rate of larvae were recorded at 3, 10, 20, 30,
60, 80 days after hatching. All experiments were
performed for four times using different pairs of parental
fish. Survival data are represented as the mean of
individual tank (» = 4) £ SEM. Since growth difference
was not observed among the four replicates, we showed
mean (= SEM) of total length for all individual fish
without considering tanks effects (n = 20).

Ploidy Determination

Four-month-old 5-°C cold shock-treated grass puffers
(n=30) and control grass puffers (» = 16) were used for
counting the number of chromosomes to determine the
ploidy. The method of chromosome preparation used in
this study is similar to that of Ojima and Kurishita
(1980). The fish were injected with 0.1 ml of 0.05%
colchicine solution into the dorsal muscle at 20°C for 4
h. Then they were sacrificed and the kidneys were
removed for chromosome preparations. Kidneys were
transferred into 0.075 M KCl solution, minced to
dissociate the cells, and held for 45 min at room
temperature. After centrifugation (155 x g for 7 min at
4°C), the supematant liquid was replaced by freshly
prepared Camoy’s solution (methanol:glacial acetic acid
= 3:1), and fixed for 60 min. After being dripped on
glass slides, preparations were stained in 5% Giemsa
solution (Sigma-Aldrich-Japan, Tokyo, Japan) for 60
min, and finally observed, counted, and photographed
under a x1,000 light microscope (BX51; Olympus,
Tokyo,

Japan). Three chromosome images per
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individual fish were counted to determine the ploidy.

In order to determine the ploidy of each fish rapidly,
we tested the relationship between the number of
chromosomes and the diameters of erythrocytes. Blood
smears were prepared from either 1-year-old diploid
grass puffers (n = 3) or triploid grass puffers (n = 3),
whose ploidies were predetermined by the number of
chromosomes. The blood was drawn from the heart and
fixed with Tissue-Tek Ufix (Sakura Finetech U.S.A. Inc.,
Torrance, CA) with the same volume of blood. The
fixed blood was smeared onto a clean microscope slide,
dried, and then stained with 5% Giemsa solution for 45
min at room temperature. The erythrocyte diameters
were measured and photographed under a x1,000 light

Olympus). Ten erythrocyte
diameters per individual fish were measured. After

microscope (BX51;

confirming the validity of this method, we used it to
determine ploidy for the rest of this study.

Gonad Histology

The fish used for histological analysis were 1- and 2-
year-old diploid and triploid grass puffers. The
gonadosomatic index (GSI; [gonad weight in
grams/body weight in grams] x 100) was used to
measure gonadal development of fish. The gonads of
grass puffers were fixed with Bouin’s fixative, cut into
5-um-thick sections using the standard paraffin-
embedding method, and stained with hematoxylin-eosin
(HE). Histological sections were examined using a light
microscope (BX51; Olympus) equipped with a digital
camera (DP-25; Olympus).

Measurement of Plasma Steroid Levels
Nineteen-month-old (non-spawning season) and 2-
year-old (spawning season) diploid and triploid grass
puffers were used for measuring plasma sex steroid
hormone levels. Blood samples collected from the heart
into heparinized syringes were centrifuged (644 x g for
5 min at 4°C). The plasma was stored at -80°C until use
Plasma levels of 11-

for steroid analysis.

F445 20194

ketotestosterone (11KT) and estradiol-17f (E2) were
assayed using the 11K T EIA Kit and the Estradiol EIA
Kit (Cayman Chemical, Ann Arbor, MI) according to

the manufacturer’s instructions, respectively.

Fertility Assessment of Gametes from Triploid Grass
Puffer

Milt was collected from diploid (z = 8) and triploid (n
= 10) grass puffer males matured at 1 year of age under
natural conditions. These sperm were fixed with 70%
ethanol, stained with HE, and observed under a x1,000
light microscope (BX51; Olympus). Head lengths of 30
spermatozoa obtained from diploids (» = 3) and triploids
(n = 3) were measured. For measuring sperm
concentrations, 100 pl of sperm were diluted with
1:1,000 balanced salt solutions (13.5 g/l NaCl, 0.6 g/l
KCl, 0.25 g/l CaCl,, 0.2 g/l NaHCO;3, 0.35 g/l MgCL).
The number of spermatozoa was counted by a Thoma
Eberstadt,
Germany). To investigate sperm motility of diploids (»

cytometer (Hirshmann  Laborgerate,
=4) and triploids (n = 5), 5 pl of marine water was added
to 1 pl of the diluted sperm, and the motility time was
measured under a %100 light microscope (BXS50;
Olympus). The motility times were measured until 95%
of spermatozoa stopped moving. The measurements of
motility time were repeated three times.

The relative DNA content per sperm nucleus obtained
from 10-month-old triploid grass puffers was measured
by flow cytometry using the DNA-binding dye
propidium iodide (PI). For PI staining, 5 pl of either
fresh blood or semen was diluted with 5 ml of 0.6%
NaCl solution in a test tube. Then, 45 ml of 77% ice-
cold cthanol was added to the tube and gently mixed.
Fixed cells were rinsed with PBS three times,
resuspended in 450 pl PBS, incubated with RNaseA
(final concentration of 100 pg/ml) at 37°C for 15 min,
treated with PI (final concentration of 50 pg/ml), and
incubated for 30 min at 4°C. Fluorescence intensities of
Pl-stained cells were measured with a flow cytometer
(Epics Altra, Beckman-Coulter, Hialeah, FL) equipped
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with a 488 nm argon laser. For internal standards, sperm
and blood cells of normal diploid grass puffers were
used to provide haploid (1#) and diploid (2r) values,
respectively.

The sperms obtained from either triploid or diploid
males were used to fertilize eggs from diploid females
to assess their fertility. A single clutch of eggs from a
diploid female were split into 14 groups, and these were
fertilized with sperm from four diploid males and 10
triploid males. Independent fertilization tests were
After

fertilization, the respective eggs were incubated at 20°C.

repeated twice using different females.
The developmental rates of fertilized eggs were
determined at 2 hpf (2-cell stage), 74 hpf (20-somite
stage), and 280 hpf (hatching stage). Larvae were
observed and photographed with a light microscope
(SteREO Lumar. V12; Carl Zeiss, Oberkochen,
Germany) equipped with a digital camera (DP12;
Olympus). Fertilization experiments were duplicated
using eggs obtained from two different females.
Two-year-old diploid and triploid grass puffer females
were used to assess the fertility of eggs. The eggs were
collected from five diploid females and eight triploid
females by hCG treatment as described previously. In
order to calculate the number of eggs ovulated, the total
number of eggs was estimated by egg mass weights
using the number of eggs per 0.1 g. These eggs were
fertilized with sperm from the same diploid male to
assess their fertility. The respective fertilized eggs were
incubated at 20°C. The diameters of fertilized eggs from
five diploids (20-80 eggs per individual fish) and eight
triploids (20-60 eggs per individual fish) were measured
at 2 hpf by a profile projector (V-12; Nikon, Tokyo,
Japan). Those from three diploids (ten eggs per
individual fish) and three triploids (ten eggs per
individual fish) were measured at 74 hpf by the same
method. The developmental rates of fertilized eggs were
determined at 2, 74, and 280 hpf. The fertilized eggs and
larvae were photographed with a light microscope
(SteREO Lumar. V12; Carl Zeiss) equipped with a

digital camera (DP12; Olympus).

Statistical Analysis

All data are presented as the means + SEM. One-way
ANOVA, followed by Tukey multiple comparisons test,
was used to determine significant differences between
three or more group means. In order to analyze data sets

between two groups, Student’s #-test was used.

Results

Induction of Triploidy in Grass Puffer by Cold Shock
Treatment

The developmental rates of fertilized eggs after three
different cold shock temperatures, the determination of
triploidy, the induction rate of triploidy, and the long-
term growth and survival of cold shock-treated embryos
are summarized in Fig. 1. The hatching rates of the 0-
and 3-°C cold-shocked groups were 0% and 0.4%,
respectively. In the 5-°C cold-shocked group, the
hatching rate was 47 + 17%, which were not
significantly different with the control (Fig. 1a) (P >
0.05). The chromosomal number of the 5-°C cold-
shocked group was counted to determine whether
triploidy was induced (Fig.1b, ¢). Because the
chromosomal number of diploids is 44 (Miyaki et al.
1995), the chromosomal number of triploids should be
66. The variation of chromosomal numbers in the 5-°C
cold-shocked and control groups observed in this study
is summarized in Fig. 1d. The chromosomal number of
the control group ranged between 41 and 45, and 50%
of individuals had 44 chromosomes (Fig. 1b, d). Thus,
fish with 41 to 45 chromosomes were determined as
being diploid. On the other hand, the chromosomal
numbers in the 5-°C cold-shocked group ranged
between 42 and 67, and 90% of them possessed 62 to 67
chromosomes. Thus, fish with 62 to 67 chromosomes
were determined as being triploid (Fig. 1c, d). The total
length and mortality within the 5-°C cold-shocked
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group were not significantly different from the controls
until 80 days after hatching (Fig. le, f) (P> 0.01).

Representative micrographs of erythrocytes obtained
from diploids and triploids are presented in Fig. 1g, h,
respectively. As shown in Fig. 1i, the diameters of
erythrocytes from triploids (» = 3) were 1.54 times
larger than those of diploids (n = 3) (P < 0.01). These
results showed that triploidy could be cleatly
determined by measurement of the diameters of
erythrocytes. Therefore, we used this method to
determine ploidy for the rest of this study.

Gonadal Development of Triploid Grass Puffers

To determine the fertility of triploids, the gonadal
maturation profiles of diploids and triploids were
examined by the GSI and histological observations in
the first and second spawning seasons for 1- (1 yr) and
2-year-old (2 yrs) (Fig. 2). The GSI of triploids was
significantly lower than that of diploids in both males
and females during the experimental period (P < 0.01)
(Fig. 2a). In triploid males, the GSI represented 38% and
42% of that of diploids at 1 yr and 2 yrs, respectively.
While the GSI and gonadal size of triploid males was
lower than that of diploids, the testes of diploids and
triploids were similar in shape with a white color (Fig.
2b). In triploid females, the ovaries were small and
remained immature at 1 year. However, at 2 years, the
GSI exponentially increased and represented 58% of
that of diploids (Fig. 2a). The external features of
triploid ovaries were similar to those of diploids (Fig.
2b).

Histological observations revealed that
spermatogenesis was completed in triploid testes as well
as diploid testes at both 1 and 2 years (Fig. 2c-j). In
addition, all diploid and triploid males observed in this
experiment released sperm upon gentle abdominal
pressure during the spawning period. In 1-year females,
diploid ovaries consisted of perinucleolus oocytes and
early vitellogenic oocytes (Fig. 2k, 0), whereas oocytes

of triploids were found to reach perinucleolar stage (Fig.
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21, p). In 2-year-old females, oocytes of diploids and
triploids completed vitellogenesis, and oocytes with

migratory nuclei were observed (Fig. 2m, n, g, 1).

Plasma Steroid Hormone Levels in Triploid Grass
Puffer

Plasma levels of 11KT and E2 in both diploids and
triploids were examined in the non-spawning season
(19-month-old) and spawning scason (2 years) by an
EIA method (Fig. 3). In males, plasma levels of 11KT at
19 months were low and showed no significant
differences between diploids and triploids (P > 0.01)
(Fig. 3a). However, the plasma levels of 11KT in 2-year-
old triploid males exponentially increased as well as in
diploid males (Fig. 3a). Plasma levels of E2 in both
triploid males and females at 19-month-old age were
significantly lower than those of diploids (P < 0.01) (Fig.
3b). However, at 2 years, plasma levels of E2in triploid

females were similar to those of diploids.

Fertility and Developmental Ability of Sperm Obtained
Sfrom Triploid Grass Puffer

Milt of 1-year diploid and triploid males were collected
by gentle abdominal pressure. The colors of the milts
were similar when 5 pl of milt were dropped on a glass
slide and observed under a light microscope (Fig. 4a).
The shape of spermatozoa obtained from triploids (Fig.
4¢) was similar to those obtained from diploids (Fig. 4b),
whereas the major axis head lengths of spermatozoa
obtained from triploids (2.26 + 0.03 um) were
approximately 10% longer than those of spermatozoa
obtained from diploids (2.07 £ 0.02 pm) (P <0.01). The
sperm concentration of triploids was significantly lower
than that of diploids, representing 59% of that of
diploids (Fig. 4d). Sperm motility times of diploids and
triploids were 81.5+74s(n=4)and 92.0£7.7s(n=
5), respectively (P > 0.05). Relative fluorescence
histograms for propidium iodide-stained sperm from
diploids and triploids are summarized in Fig. 4e. The

dominant peak of sperm obtained from triploid
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corresponded to 1.5# as determined from sperm and
blood cells of diploid individuals. Sperm obtained from
triploid males could fertilize eggs, and the resulting
fertilized eggs developed until 74 hpf (20-somite stage)
equally as well as eggs sired by sperm obtained from
diploid males. However, the fertilized eggs using sperm
obtained from triploids barely hatched (2.2%), and no
fry survived longer than 72 h after hatching (Fig. 4f).
The fry sired by triploid males had morphological
defects such as small heads and eyeballs (Fig. 4h),
whereas siblings sired by diploid males hatched and

grew normally (Fig. 4g).

Fecundity, Egg Fertility,  and
Developmental Ability of Eggs Obtained from Triploid
Grass Puffers

By ovary biopsy using a catheter method, eight out of

Diameter,

ten triploid females (2 years) were confirmed to possess
fully grown oocytes with a diameter of 650 to 800 pm.
Eggs were obtained from eight females by hCG
treatment. The number of eggs ovulated by triploid
females was fewer than that of diploid females, which
represented 14% of that of diploids (Fig. 5a). At that
time, the mean body weight of diploid females was 67.0
+ 4.4 g, and that of triploid females was 73.7 £ 3.3 g.
Eggs obtained from triploids were fertilized with sperm
obtained from diploid males (Fig. 5b, f, h, j). The
developmental rate of fertilized eggs derived from
triploid females at 2 hpf represented 20% of that of
diploid females. At 74 hpf (20-somite stage) and 280 hpf
(hatching stage), developmental rates decreased to 4.6 +
2.1% and 0.7 £ 0.5%, which represented 6.3% and 1.2%

of that of siblings derived from diploid females (Fig. 5b).

The diameter of fertilized eggs at the 2-cell stage
(Fig. 5f) was
inhomogeneous and showed a broad distribution (0.8-
1.2 mm) compared to that obtained from diploids (0.85-
1.05 mm) (Fig. 5¢). The mean diameter of fertilized

obtained from triploid females

eggs at the two-cell stage obtained from triploid females
was 1.03 £ 0.8 mm and larger than that of fertilized eggs

obtained from diploid females (0.95 + 0.03 mm) (P <
0.05) (Fig. 5¢). In addition, the mean diameter of 20-
somite stage eggs obtained from triploid females at 74
hpf was 1.06 £ 0.01 mm and showed significant
differences with those from diploid females (1.01 =0.01
mm) (P < 0.05) (Fig. 5d, g, h). In total, four hatchlings
were observed from about 600 fertilized eggs obtained
from eight triploid females; however, none of them
survived longer than 72 h after hatching (Fig. 5j). The
fertilized eggs from diploid females hatched normally
and developed to fully viable fry (Fig. 51).

Discussion

In this study, we produced triploid grass puffers with
high survival and triploidization rates by cold shock
treatment, which was 5°C for 30 min starting from 5 min
after fertilization. Although the resulting triploid grass
puffers produced small amounts of abnormal gametes,
both in males and females, offspring produced using
these gametes could not survive after hatching. These
characteristics of triploid grass puffers, which are low
fecundity and production of gametes without
developmental abilitics beyond larval stages, fulfill the
requirement for surrogate recipients used for germ cell
transplantation.

In previous studies with marine teleosts, such as the red
sea-bream Pagrus major (Arakawa et al. 1987; Sugama
et al. 1992), black sea-bream Acanthopagrus schlegeli
(Arakawa et al. 1987),
Dicentrarchus labrax (Felip et al. 1997), and turbot
Scophthalmus maximus (Piferrer et al. 2000), the cold

Europecan  sea-bass

shock temperatures used for triploidization were 0 to
3°C, and in most cases chilled seawater preset by
crushed ice and sea water was used for shocking the
eggs. In this study, however, the hatching rate was
extremely low when cold shock temperatures of 0°C
and 3°C were applied to the fertilized eggs of grass
puffers. We used a cold shock of 5°C and achieved both
a high triploidization rate (90%) and a relatively high
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hatching rate (80%). The spawning temperature of grass
puffers is approximately 20°C, and thus, the difference
between the optimal cold shock temperature in this
study and the spawning temperature was 15°C.
Interestingly, in tiger puffers, a high triploidization rate
and hatching rate were achieved only when fertilized
eggs were cold-shocked at 3°C; however, the hatching
rate was extremely low at 0°C (data not shown). Since
the spawning temperature of the tiger puffer is
approximately 18°C, the difference between the optimal
cold shock temperature and spawning temperature was
also 15°C. These data suggest that the optimal cold
shock temperature that can achieve high triploidization
and hatching rates is strongly affected by the optimal
spawning temperature of the target species. A similar
tendency has also been observed in previous studies
with marine species such as the European sea-bass
(Felip et al. 1997) and turbot (Piferrer et al. 2000). As
shown in this study, slight differences in cold shock
temperatures have a strong effect on the survival of
treated eggs. Therefore, it is desirable to use a water
temperature control device that is able to adjust the sea
water temperature used for cold shock treatment rather
than to use sea water with crushed ice in order to obtain
a high success rate.

In previous studies, triploid males of Cypriniformes
(Ueno, 1985; Kawamura et al. 1999; Koedprang and
Na-Nakorn, 2000), Siluriformes (Tiwary et al. 2000),
Pleuronectiformes (Purdom, 1972; Tabata et al. 1989),
and Perciformes (Mogami et al. 1991;Wills et al. 2000)
displayed testes similar to those of diploids, and reached
sexual maturation but produced dilute, abnormal, and
aneuploid sperm. In this study, we revealed that triploid
males of the grass puffer, a member of Tetradontiformes,
also possess the above-mentioned -characteristics
commonly observed in triploid males. Although
previous studies reported that triploid males often
produce sperm with two tails (Ueno, 1985; Mogami et
al. 1991) or without a tail (Tabata et al. 1989), triploid

males of the grass puffer produced sperm having normal

W4T 20194F

external morphology other than their head size, which
was 1.1 times larger in the major axis than sperm of
diploids. Similar results were also observed in rainbow
trout, O. mykiss (Carrasco et al. 1998) and Atlantic cod
Gadus morhua (Feindel et al. 2010).

In this study, we found that triploid grass puffers
showed normal plasma levels of 11KT when compared
with diploids. Together with the fact that triploid males
could produce motile sperm, this suggested that the
hypothalamic-pituitary-gonadal axis is at least partially
functional even in triploid grass puffer males. This was
also suggested by studies with masu salmon O. masou
(Nakamura et al. 1993) and the blue tilapia Oreochromis
1994) and Indian catfish
Heteropneustes fossilis (Tiwary et al. 2000). This is a

aureus (Mol et al

desirable characteristic as a recipient used for germ cell
transplantation because the recipients have to support
donor-derived spermatogenesis and spermiogenesis
after spermatogonial transplantation.

The plasma levels of E2 in diploid males at 19 months
were significantly higher than those of triploid males (P
< 0.05) (Fig. 3b). It has been reported that E2 acts on
multiplication of spermatogonia in testes (Miura et al.
1999) and this might be a reason for the high plasma E2
levels of diploid males. In 2-year triploid grass puffer
females, the plasma levels of E2 were similar to those of
diploids. In addition, vitellogenesis occurred in
synchrony with the increase of GSI, and finally mature
eggs were produced. Although the number of eggs
ovulated from triploids represented 14% of that of
diploids, we observed ovulation in all of the hCG-
injected triploid females. In general, however, triploid
females are known not to proceed with meiosis and
exhibit low plasma levels of E2, even during spawning
season (Felip et al. 2001a; Tiwary et al. 2004). The high
plasma levels of E2 seem to be a main reason for full
vitellogenesis observed in 2-year grass puffer females.
Investigations into the differences between these two
groups of triploid females would be useful to understand

the mechanism of sterilization of triploid females.
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Triploid females had not been able to produce offspring
that survive beyond larval stages. Again, this is a useful
characteristic for surrogates used for germ cell
transplantation.

The final goal of this study was to achieve
gametogenesis of tiger puffers using surrogated triploid
grass puffer recipients. Therefore, the reproductive
characteristics of triploid grass puffers revealed in this
study made them desirable as recipients. In species
having an XY sex-determining system, female
recipients receiving XY spermatogonia produce
functional Y eggs (Yoshizaki et al. 2010). The YY
“super-male” can be obtained from Y eggs and can be
used to generate all-male populations if crossed to
normal homogametic females (the XX-type). This is
very useful for spermatogonial transplantation in fish
species in which males are more commercially valuable
than females. In Japan, the tiger puffer is a desired
species for all-male production, because the selling price
of tiger puffer testis is about 10,000 Japanese yen per
kilogram, which is three times higher than their fillet at
local fish markets. Recently, by performing genome-
wide linkage chromosomal analysis, Kikuchi et al.
(2007) revealed that the sex of the tiger puffer is
determined by a single region on linkage group 19 in an
XX/XY system. Until now, masculinization of tiger
puffers has been examined with methods such as a
methyltestosterone treatment (Kakimoto et al. 1994)
and an aromatase inhibitor treatment (Rashid et al.
2007); however, there is no report on the production of
Y eggs in tiger puffers. Therefore, towards all-male seed
production in tiger puffers, a spermatogonial
transplantation technique can be a powerful tool for the
production of YY “super-males”, and the triploidization
method of grass puffer established in this study could
play an important role to produce sterilized grass puffer
recipients that can produce only donor-derived tiger

puffer seeds.
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Figure Legends

Fig. 1 Induction of triploid grass puffers using cold
shock treatment. a Effect of cold shock temperature on
the developmental rate of fertilized eggs at 2 hpf (two-
cell stages) and 280 hpf (hatching stages). b, ¢
Karyotypes of diploid and triploid grass puffers. The
numbers of chromosomes were 44 and 66 in diploids (b)
and triploids (c), respectively. Bars = 5 um. d
Chromosomal numbers of controls and 5-°C cold-
shocked grass puffers. e, f Comparison of total length
and survival rate of controls and the 5-°C cold shock
treatment group until 80 days after hatching. g, h
Erythrocytes of diploid (g) and triploid (h) grass puffers.
Bars = 10 um. i Erythrocyte diameters of diploid and
triploid grass puffers. Data are represented as means +
SEM. Asterisks indicate a significant difference in
erythrocyte diameters between diploid and triploid grass
puffers (P < 0.01)

Fig. 2 Gonadal development of 1- and 2-year-old (1 yr
and 2 yrs) diploid and triploid grass puffers in spawning
season (May). a Gonadosomatic index (GSI) of diploid
and triploid grass puffers. Data are represented as means
+ SEM (n = 7-15). Different letters for either the male or
female groups
differences (P < 0.05). b External features of gonads of
1- and 2-year diploid and triploid grass puffers. In each

indicate  statistically significant

photograph, the gonads of diploids are placed above and
those of triploids are placed below. The posterior end of
the gonads is to the left. c-r Transverse histological
sections of testes (c-j) and ovaries (k-r) of grass puffers
in spawning season. ¢ One-year diploid male, d 1-year
triploid male, e 2-year diploid male, f 2-year triploid
male, k 1-year diploid female, 1 1-year triploid female,
m 2-year diploid female, and n 2-year triploid female.
Images of ¢f and k-1 are shown at higher
magnifications in g—j and o-r, respectively. SC
spermatocytes, SZ spermatozoa, PO perinucleolus

oocytes, VO vitellogenic oocytes. Bars = 10 mm (b),
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200 pm (c-f and k-n), 20 pm (g-j), and 100 um (o-r)

Fig. 3 Plasma steroid hormone levels of diploid and
triploid grass puffers in non-spawning season (/9-
month-old) and spawning season (2 yrs). a Plasma 11-
ketotestosterone levels in 19-month-old and 2-year
grass puffers. b Plasma estradiol-17p levels in 19-
month-old and 2 -year grass puffers. Data are
represented as means + SEM (n =6-15). Different letters
for either the male or female groups indicate statistically
significant differences (P < 0.05). N.D. indicates values
that were below the detection limits of the E1A assay

Fig. 4 Fertility and developmental ability of sperm
obtained from triploid grass puffer. a Milt of diploid and
triploid grass puffers dropped on a glass slide. Triploid
males produced whitish milt similar to that of diploids.
b, ¢ Sperm obtained from diploid (b) and triploid (c)
grass puffers were smeared on a slide glass and stained
with HE. Bars = 5 um. d Concentration of sperm
obtained from diploid and triploid grass puffers. e
Relative fluorescence histogram for propidium iodide-
stained nuclei of sperm from diploid and blood cells. f
Developmental rate of fertilized eggs using sperm
obtained from diploid and triploid grass puffer males. In
both cases, eggs obtained from the same diploid grass
puffer females were used. g, h Hatched larvae produced
using sperm obtained from diploid (g) and triploid (h)
grass puffer males. Bars =700 pm. Data are represented
as means * SEM. Asterisks indicate significant
differences between two groups (P < 0.01)

Fig. 5 Fecundity, fertility, and
developmental ability of eggs obtained from triploid

egg diameter,

grass puffers. a Number of eggs ovulated by diploid and
triploid grass puffer females. b Developmental rate of
fertilized eggs obtained from diploid and triploid grass
puffer females. In both cases, sperms obtained from the
same diploid grass puffer males were used. ¢ Diameter
of fertilized eggs from diploid and triploid grass puffer



BERE © o7 SRETFREET D 7V 7 S REBAEREEORRE

females at 2 hpf. d Diameter of fertilized eggs obtained
from diploid and triploid females at 74 hpf. e, f Two-cell
stage eggs (2 hpf) of diploid female x diploid male (e)
and triploid female x diploid male (f). g, h Twenty-
somite stage eggs (74 hpf) of diploid female x diploid
male (g) and triploid female x diploid male (h). Only
small-sized eggs indicated by arrowheads survived the
20-somite stage. i, j Hatched larvae obtained
fromfertilized eggs of diploid female x diploid male (i)
and triploid female » diploid male (j). Data are
represented as means = SEM. Asterisks indicate
significant differences between two groups (P < 0.01).
Different letters for the diameter of eggs indicate
statistically significant differences (P < 0.05). Bars =
400 pm
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USA)E VY, D71 b a—/UZhE, Fofi
FE 10 uM TYHAIEREAT o 12, Yefaz il L7-Hia
BRI L, AR X D R St LS 3
MR L, BAEA1T 5 £ TOR], K TR

&L,

3) N—hEERROBAE

R 7 A Xy M, BAIETE (GD-
1, BREHASER TR, o) % 7 — o —
(PC-10, BRAGHERGRR AT e A U TR
Lz, R HT Ay MO,
WHEEZR: (EG-400, IR\t SEasiiIF 7T 2
FAVNT 40~60 pm (ZRREHE U7,  SERBRISEE T 125
ELlzvAf/av=tal—&— (MP2R, %
RS e N B L O~ A T a A =)
4 — (IM-9B, HRStHESREasii s & Av
T 4,000~6,000 HEA ZTeK 40 nl D NF—iHfaERE
Wi a 777 A~y FNIZEF L, Zhve SCOK
R L VS 5, 6 BLUNT BDIEEY



BERPRIE : b T 7 JRBTF 2EET S 7 ¥ 7 Z AR I RAEEL DR

BT THEPEN~E BRI U, TR, 5%
KEEAT LT3+ — L BB X BhiREL2 1T -
Teo FD%., BHEEMEEHE U718 3408 JORHHR
X& LT > FoO3EBHEfRE 20C THRE L
Tz FEHEMD 24 R, 2 R L O FERHGE L
T A AE R L OB OARE AT LT,

T DOFEBT, BRAOERLRIEEI VT RN
T, 3E#EV IR LT,

& FAFIRNICIT 5 R —RERREIR OB
1) =g

R A U= BN T R —Hlai,
PKH26 DFREFIT Lo TEOZE) 280545 =
EMTRETH D, T T, Bl D 4 BRRICH
JEFHEE (BX-5IN-34FL, AU L/ SRR T
& EATROBIR LT T 12, EXOBERZ T
%. 286 MDAPL 2 Ete27 4 w7 R (757
TA LT I Ve S UBEEH, BRI,
K ET S5 SHEE Lie, EELIEELBE L.
vty NEVCTATRR A FIBEL 7215, 1 KR T
A NI A BZB L Caitiligz11-o7, £,
PKH26 AR SRR S A L7 AEHRIR DV T,
SR SRR (FV1000, Y SR ath) & A
VT PKH26 Botttilifas s -3 2 Milasz o il as s
1T-77,

2) PHEY 7o ST a— A hA—F—T &
DI OfENT

D 11 7 ARRICHEE LTcfs 27 7 7=
FETHAIOENE 70 —Y A hA—X—ZL5
MELD DNA BfgHTH O HE Uiz, PeRsE s v
7 DI & 8 & 7> U YA O HE LTz s
Y7 7= KO ZfHEomigz H T DNA &
ZHE LTz, Mg S pl % 0.6% NaCl %4 5 ml T
WL, 2% T1%=H ) —/V45ml ZERINT 52 &
CHERME A EE L7, BIE U imERAE %
PBS T%, Cell cycle reagent (Millipore Corp.,
MA, USA) 200 pl H°C 30 /0 S 7 a—3o b
A —24— (Guava PCA-96, Millipore Corp.)iZ T DNA
BEWE LT,

3) Polymerase chain reaction-Restriction fragment
length polymorphism (PCR-RFLP)Z J- 515 4%
DT

TEED V7 7 =R N —mko T 7
¥ %5 U720 % PCR-RFLP |2 X W HIEL

7o BEALT-MEE7 Y7 V=K. v o7,

YT TE YT 7 ZEHES DB LRI 1

76, PUREGENE DNA Purification Kit (Gentra

systems Inc., MN, USA)Z Fivy, B 7 a ko

€->T5 7 L DNA T L7z, PCR BUGIE,

77 A <—FW: 5’-GTGCTTGTGAGAGCCGATG

-3’ RV:5’-CAGGAGCTCAGGGGACAT-3") (34t &,

FRFEF)Z AV, Bilkod DNA VAIE 1 pl 28875 8 L

TI1uM DB T A ~—, 200 M D dNTP B LW

0.5U O Takara La Tag (Z 71 5 731 ARREEH, 368

Z5Ts 1 X La Tag buffer H°C, 94°CC 3 SyfHIEMEM:

Eirot-1%, —#OYA 7V (94°C 305, 64°C 30

,72°C 30 )% 35 [l 0L, & BICEHAnRE

&% 72°CC 3 53T - 77,

5O S T OEIERTH 287 L LT, Miu
I (FH 71 ARSI LA T o7, BEEHE

b, 20 pl ORI VEUGHE (ZEE/K 16 ul, 10xH

Buffer2 wl, Miu 1 1pl, $5 DNA1)NT, 37C

T BT o 7o, BRI OWRI R 2% 7 0

— AT TERGKEN TV, B O T 4

VI RE— NG BT LIRS DNA iz v

7" DNA D& END0ENEHGE LTz,

B

FRDOPCR A V) —= ko TlEEI 7
7 =RARORSIES ) 5 DNA 2 ™5 7 Z RIS
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FAME LT, R v 7 AREEIT, TEICHEV EK
Ty 7 ARFEASERE (CMBW-2, Y 7T v 7 AR

HA4E 20194F

24, #43) 1) 2 VT 30kpV, 30 mA DT 20
FORMREL 4T\ (MR, 1979), 5= i s vy
CHHEERSE LT,

2) PCR-RFLP {2 & 2 ¥t ofT
’/47 7 5 DNA % FW-RHBI PCR 2470, Fy
HAROHERD ~ T 7 7 ThHDEEZTT>T2 Fi
FEARBIORBX S LTI 77, 7977, b
Z 7 VHEFROFHAD S DNA i ZITV, HRo
PCR-RFLP (2 & 275 KRBT & [k
T PCR-RFLP f##T 51T o772,

i p B

T—AiE, EHE + EERE (SEM) TR LTV
%o 3 DOREMMOHETT 55 A 13—t
53T (one-way ANOVAY%, Tukey {512 & 0 A
EWE LTz, E£72. 2 DOREHMIC OV T -8
ExAWTHEELRE LT,



BERPRE : N7 7 JRB T2 AET 5 7 Y7 S REB AL EL ORISR

fa R

7 Y7 JHHIN R T B AR TR OBIEE

ARFBRIL, B 1 ETHL U SFHTTERL
723, 7. 10 BX O 14 B2 B 7 s Ay
7zo BAFADERIT, ENEI258+0.05 mm
(t=20). 3.83+0.05 mm (n=20), 4.81 +0.06 mm
(=20). 5.58+0.17mm 0=20)Tdh 7=, 3, 7 HEH
TR E IR SN TR 53, AAFEAFEA
RS I AE LT D Z e AR s (K
1A,B), —7#. 10, 14 HEOAFRIZEBW T, A5H
JiR AR A ST SAIRAERE IR A LoD &
B0 FAARIRIEIE A TERR L TN D Z L 3R &
iz (M1C, D), ZOfsH, AFHIRE R S
2 BN ORI 16170 CRAEVETERRRA
B ThHDH EEZOND 7 ARLIATE, B
CHEE LT,

kT 7 VKRR A B LIz E X7 7 S 0ER
=
~Z 7 ZFEH 1 mg $72 0 #10,000~40,000 Az

OXERHIRZ 2 T e AR N S 4L, 1HEETO
ABREAS PKH26 12 & 0 i< ik S vz (X124, B),
BB 37 7 O2REE, 5 BERX 3.10+
0.04 mm (n=327). 6 HplX 3.12+0.07 mm (0=152)%
L7 B#BIX 3.83£0.05 mm (n=64) ThH 7= (X
2C), BAHERICENMERZTToTc & A, TEIEN
{2 PKH26 B A S TV SRk FHMBlAR
iz (X2D), FAEDS 24 BERB OATRRIL, 5 H
HHIX 91.8 £3.7% (n=3), 6 HHEHIX 72.5+2.5% (n=3)%
LOV7 HERIX 763 £ 13.8% (n=3)TH V. 5 HEHXHR
BV S DDOEKIZBWTHERE TR DT (P>
0.05) (X 3), FEHHD D 4 BEHEOATERIL, 5 Hils
[X.56.2+5.6% (n=3), 6 H#HX 38.4+84% (n=3), 7
HIRX 42.5 + 17.5% 0=3)3 L UIERBHEX 51.0+
9.5% @m=3) & 72V, FXENCHELRETRD bk
o7z (P>0.05) (X 3), FBAHXIZIIT HFEHED
b 4 8% E TOAFEE L RR OISR D4
BRI B ZETRO b o T2 &, Bl
BAENE 7 V7 7 OAFRERICRAE A BAZ X720

ZEDBHLMNE ST,

TBFEAFARNCIBT 5 F—HRHRa OBk
At 5 4 JBEHR IV N T = DARA FIBE
LTI LR, N —Hko PKH26 [P
DMBEE ST (M 4C, D), fEEAFEIRAIZ, PKH26

BEMEIRUAMEIER S T BEETL. 5 HIX TIX 1S
B (15/15), 6 BEX I 9 fEA (9/15), 7 BEX
T O AR (05 Th -7 FE1) DI b,
PKH26 B0 Sifgd S 7= Al e v ¢, 3
UM X AR OBE 1T 72 (K5), %
OFERE, RFUCR UTcfs FAGEIRICBGA E 4172
R—H3k0> PKH26 PR (%] SB)iZAE5EAEE
ZREB 2 I DR B AR5 Z L b
Mk 727z (K 5C, D), PKH26 4 & DAPL{&D 2 &
HOCBIERORE, N h—HskoAmE e 6 14
SRR CHERR T E T BT, 5 R CIL S @ik
(5/15), 6 HERX TIZ O AL (0115 ThoT GFE 1),

fEXT B 7 THEOMRNT
1) 18E7 37 F Ol

B G 11w A%, BEZ V7734 RBH11LE
(2% B G: B IV, T b OYESEIERR =
A THEM T a—H A b A—F—IZ L ORRGEL
TGS, ETOREEREHETH D Z L 2HER L
7z (X 6),

2) TEEZ YT T =REEREED 15 S TSRO/
AR CFRHB AW 7' T A ~—TCHEiE S h
% 265bp DWTHIE, b7 7 7 ClE Miu 1 §SilES i

£ 0 130bp & 135bp D2 DIZUTS LB, 74
7 7 S (M 7). ZORERZ AT
THIET, N7 77377 OFRHRBINRHEE
Tholz, YeEdEEsNz 11 BOELEs 77
=HHAD H BIEF No.11 (TL 95 mm, BW 20 g) ki
DNA Z## & L7z PCR-RFLP ittt 24T - 7= k5L,
JHT7 TNy RITMZT, 130bp & 135bp /N K
PR LT (X7, LiedioC, mEs 7 rnE
EE LTSS N7 77457 ) ADNABEEND Z
L ZMERR LT,



Rl B oK EE BRI JE i i

w7 St RS VT 7 =fEHAE (X Nod) %
L L TR LT Fy R OfRT

1) ABCRRERARE R

XY V7 7 =5AEE (1832 No.11) X D F37-65iE
% N7 7 ZINEERS L TR LV Fy RO
1£794%TH 0, SHMEEIT612% & IEFEIZSHME L
(F2), SHREIHKT 19,000 Kid> 55 b Uiz Fy ARG,
#112,000 B Th o7z, Sk, FuittARIIERICAE
BLTHRETHD 7 77 L IHERREOHR %

RLUTE (K 8A), 60 HEWMZISIT 2 aRIE, Fufitft

394+£0.6mm, XX T 77 373+£0.6mm &7

DEBRZEATRD BT (P>0.05), -,

60 HENZIIT DAFERILF Y 18% & Ao 72D
WL, RRX N T 7 73 28% T -7z (K 8B),

2) FiEROIERES AT
AFEERCIL. BB L VAL 138 Hilh
BT B FER, NFT7 T HEREE
7z, AR, FiEK 1015+ 16 mm @=20), ~7 7
771107 £21 mm (n=20)33 LN b Z 7 Y4Efi 101.0 +
1l mm n=8)THh Y, FEIRICHE LA T RD T
(P>005), BELT-20 RETOFEMEE. b7
7 TR O LTc A <BERIRONIZBRDI B Y |
N T 7 VR BB THERITE T (X 9A), £
eSSt (G AFHE LT, hF 7/ Dl6
(0=20), 77 HHEFE D15 n=8) T > 7= DITxt
L. Z2TOF f{fIDI6 @=20)&720. vF 77
EFEETR LT (K10), Zius, BEEURS L ONYfE
(BRI DR G, FUBEIRIL N T 7 7 DA E
RS A R T Z DB LM77,

3) FifE{A0 DNA fiiht

Fi A (n=12) OfFR7 SR L7 DNA 2878 &
L7z PCR-RFLP i &4 To71= & Z A, T Li=2
TOF RS 8T 7 75 7 5 DNA OBZDIRHE
= @1, E=, NI 7VMETE. 2T
& NT T IORGFON R &7z (K 11),

L72h35C, DNA T OFER LS F I b7
T TCHHIEBHELINE T, BEIV TS
2 VNSV SIS ghiell UR i AVl N7 v 7 (-2

A4 20194

. BRERREOREILRD LT, B@ED T
7 JTRRRCEBR L (K 12),

£ %

T 7 VR E B LT e T =%
I 11 AIZ34 B 11 EDRBEE L, SBic%
DHRD 1 (9%)DFE7/ 2 DNA HIZ K —H
D NF 757 LADNA BRH L, £, 0
a2 ROCTRERIZ T 7 7 ORE I ST 5
TEIHEI LT, ZORER. 1BES T 7 =fHK
e, 11 4 A &0 EHIM T M — ko)
IRRNT T IREFREETHZ RSN, 5D
AR IL, TERRRRE, BEEr2FIHEO 6N
T BEEO NT 7 ITTERRICEE LTz, PLEORER
X0, 77 BRI ORISR - X
BB PERAN IS AIRETH 2 Z
&R0 NT T BB TR AET HBEIM
LTIV T T =fHEDBEZTHDH Z LIRS
Yo

AWFFETIE, BT 7 7 = A~OB i
R BEC L 0 7 AL EHEE L, 5,
6 BLO7 Bl (BEX 3 mm)IZBWTHIEEZ T -
Teo MBLT VT 7 =fHE~D N T 7 FFEIEHER
FEZ1TH 9 2T 2R 3mm ROELEDEFICH T
Ay REFRALIZS W EW I RER S -T2,
LA L, AEZEE HBHIERE DORE RO
2% (Takeuchi et al., 2009)7>5 5%~ &t LR DR
AR Lin& ZA, fEE~TT Ay heff
AL 2 D BRHREI AR Th o 72, BRI
W ET, AEEEROBIENC L 0 BRI e
EHWT L7z 2E 4mm L EO Y Y7 JIEEOREIC
i, TRy NeRBIFRATE T, 7%7
7T, 2R 4mm DD SEFORE R HIR
L. FEHHEEDSEL L OO Z &GN 22
TW5B, 7% 77Tk, 28 3mm 716 4 mm D%
FABFRIC I 2 Rk OB & 5 A B
> FOFEAD LT IPBHEL TS EEX LI
Do Gk, RRREAENTREGERROREERI A A
LTV 2 & T, TRy MHEA LTV



BIRSE © 77 BT 2EET D 7Y 7 7 REBALELE O

WA REE T 5 Z LRI R B LR S D,
THT7ITDIHT, AFRIICERA~DOH T A
v NOFEAPREE R LFEOSE, Bl - =
SRR LN & DF A I L T HREEE 72 5008,
TG DFERWE DIRFHRF B AR DB LR 2
R T D2 LI Lo THETE D EEZ OIS,
Bhim o 4 BF%ICTE FASRIRNIC R —Hhk
DRI BUA - BINL, 5 BEBHEX DA
THEA S, SHIT, ZOROFTHENCE-T-
8tk S R —Hskd T 7 F¥ET 2435 2 L3
T&lz, ULOERNG, 77 7% EmEE LT
HWD5E 5 BE)SEBAEH Co 2 Z L 33 5o
Eirolz, Fiz, 5 BERBHIXIZIWTRENS 4
ERHEOEFRRIL 56% TH Y . HBROLRR
ERBIRED IR 0Tz, IBIT, ZOEEDREE
I W T TOAFRRIL, =BT 5 3 E
% OfEE =T (20.6%)\ZLEEd T
(Takeuchi etal., 2009), ZNHDZ & XD, 7477
VR L B 7 A=V T ic < WEaRECTH
BHESE X, JOFHEIIERABROEE S LT
R THD,

AT T, 15E7 V7 7 =EHEHED K-
—HISROMEERR N T 7 ST A AET A L &
e LT, Fio, F—Hko N7 77 1
y A eV NI T T ORBNERROK 12 O CAE
PBESNTz, ZHFE T, Takeuchi H (Q004)T=T~
AIBFATEAIIA A AR LT v~ A DS 1 5% COhl
RE = U TR EE L L 2HmE LT
Do HEY AL TR T2 8000, AL
Y A DFENERNZHE > T R —BskD =~ A
BFRAPESNT WO FBR N LT D, =V~
AVLEE 2 B CRGA LHERS T 225, AR I/E
BEBHC Lo TELIEARY . LIRARTHRT S
ERLAETD (KH B, 1965), ZOFFEEHET
% L Takeuchi & (2004)DFEERTIL, BEY~AD
ANV AE > C R —RkD = U~ AT
FESNT TS TERY, —FH, TETHrS
7 JEORSEREERN L 2 ik L S TRy, 11
AW EHIRICHEE Lz L W o siiiidiany (R
H5,1997), ABFROFRERIL. N —HROBUE T

(NT 7 TR DAEENEE (2 V7 2O
WEFL TS Z EEFIRIOR L CD, L7
ST, g LoV 7 7RI A L
T, HE TR X 5 7 b T T SRR 4
DA[REE 72D . NI 7 S BREOEEIZ OIS
e END,

(CE A e ol NEEp D) i Tl N
RELZ T SAGINDSALHRIT 61%TH Y . T
N7 77X 8T 7 7 OMBXITR LT 79% & 07
INAE T2, TOHRITIL, B 1w TR &
N BETH B 7 V7 7 =B DR 52HEHE
FRHBHENERE LTEZLND, HEND
BOLNTHEEIE, PCREHTIZE -~ Co T 7=
EARRRORET & F—HkD 7 7 7 10O
HREEND Z LR SN, ZD, BE
HROSREINTIL, 7V 7 7 =Rl & o
ZREIRE N —kD ~ T 7 & OSTRESINEAE
T5, LnL, 7V 77 ZHRHMET & O
IS LB L2, 1RO
RITHBX L VIR otz EZ b5, L
L, EEO b7 7 FRAERIBO T, SME
KT 18~T6% L IXH>E R H Y, IVEDOFEE K
ELZT BT EDNHESN TS (HFH B, 1997),
L7chi3o T, AlafE b S 61%D52 R0
EHNZR L~V T HORIHFTRE Ch 5, AFEFRIT
BT, BN 4RO N —A4FEMa04
ERIEL TH 3@ LS Tl oTe, L
L. RF—HEoERORREELNTZZ &
MH, ZIBEEICECAE - EE D R —iha
DT YT 7 = ORI ORI L LTE
WIHREL, REDRET~EmbLIzZ &Rl
TW5B, T, MTERGERRIC IV T, $URT
FR)> B 4B R LT AR VR LN &
Al TAUCEUE U NEEAD» b IR 2 [E
T 5 AEFEIR AR VB A END (VI - 4
,2002), & OIZAFHIBHIEA T ATRRAD S
AT 4y eMRERE L, 72 Ra O
{29 VK« &:7,2002), L7z23> T, AMFFEORE
Rix, HE7 Y7 7 =fHRZIRWT FFLofEx O
FVEDIEFIHERE L, RN OAHINE, FRT



Tl oK EEABRE A S8

BV N UVRIBR KO 47 ¢ v E Ml EEIC3E
BRI EBIL, YT T AR
ISR S ENTZT » R BT A ~
a7 EORNE D N T T TR~ IERILS
ER L7z Z L 2R LT 5,

RBLRER T DAV R IR, B TrkEiEs
BB ) ADNA DD N 77 CThBH T &%
BN LTz, ARIOFEFHZBANC, il L7=A<
TR S U7z BRI iR I D16 TH S b
77 7% RP—RBLOWIRIEHRAOBA L L
THEA LTz, 07, WHRIZITmRoRER
ZETHROZEEE LTz B <SS 72 B0 S
IRISHERESE D16 O T 7 T ORMHB L, SN
EREDHT N T 7 7 & N T 7 RO FIRIDS AT
Tholz, BHREEZEN SN ImBlORIE %
ZTKS T2, N T T REE Ol LT A < B
BT BB Cl7e\ i 2 RSB V=38
B, NTT T NI HHERRE PRI TR
HZEPREETHD (BEAR, 1998), £, irhighisk
L bZ 7 7 TIEDI6~18, 77 7 TidDI12~14
CHEFENH D (HEH, 1988), b T 7 RO kS
L, B L TRHWE NS 7B YT
7 DEHERESIOFTMDEE T Z &G S
TWDS (B, 1998), Bz, 777 D18 oifEd
7% 77 D14 OEEZZELS D &, KIRIC R F
7 YHFEDI6 AFEET D, ZOMRRY, EEEES
B cHrsse b EoTLED, PCR
% RO TARREBISE S FIE T E 72V BT
WHERERES L USROS T 7 7 e N U
FEAMESIZHBITEX D X0, HERTA N7
BIOO V7 72 ERTHVERH D, BRI
e L7 < BRI S U7 BBEOSHRRR G, D
EHEESRE D16 ThD N7 7 7% R h—fRB L
OWHRAIEH R OB L EHT 50, EiThE
BERE DR OV T T eEEE LUERT AL
T, ROFEHRIDINTIBRED A THREIZ 72 D
ETFREEND,

AWFFRTINT, BAE D 4 BfERIC R —H
S AEFERE A ME FATEIRPNC A4S L= EIE T
33% (5/15)TH Y, IBIZ RF—mkD N7 7 7k

4B 20194

Fa A LT EROBEIGTE. BERE L1 H sk
D% (1) Tholz, 4%, HEC NF—iko
B 15 ZhaRp AR RE S B 2 BB S L &
26D, FOHEE LT, FH—HBaniiEs
HFohb, TNET=U<ARBENIZBWT, A
BRSO A HE FATHIRN~EE T DR %
BALTHAZ ERIHALMIEZITOS (Yanoetal.,
2008), FE7o. T OEFAEFIRN~EEREEZET
DA R & U CORE T A Z EVREN
TW2, £LT, BRI AENZ R
F—HEOREE AR b Y R —Hsk
DEET~EDE LT Z LS., PE
BRSO EHIF SIS (Okutsu et al,, 2006),
DX S TEFASA T, A BURRRII A KR
(ZETe N —HI A1 N~ D 2 &
0, R —HROBUE T 520 L <155 7202w
WEChD, AEEICRNT, SRR
Ehiz7a—A b A—F—& 7z A BESEGH
N % i DN N =7 v 7 DfEf~
BEHATEDZLBHALMNE 72> TS (RN, 2009;
Kiseetal,, 2012), = A BURSEBIMRHEET 2 50

L. N7 7R E T 22 &8, M—
HSROBUE -2 AET HEEOEGZ 10 LESE5
TeDIZIERFICAR TS EEZ BD,

A CIL, TBEZ V7 /=R v 577
IREAEPET B IEDNT O TIIHED D BV TR
VY, YT 7 OREL AR, MET 2 TGS 2
EDHREINTEY (Uno, 1955), AMFFTIZISV
T, VRS LizfaEs 37 Z@iEoH ¢k, ik
AUTMHEARI I 220 o T, ZHVE COMIZI
T, BRI THE IAE5 L T~ MRS
TS5 LI~ b D Z ERH L E S
TW\5 (Yoshizaki etal,, 2010), L7z23>7C, AAFSE
WCRITDEEY V7 7 =S N7 7 TRt &
EELTWHAZ ED, SLIZ1ERF—a Y
DIEET Y7 THEFAETH I LT, MEREEI R
WELE 2L T 7 ZINEE S ATREE:
RV IR ENS,
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BIRRE : o7 VRETE2EET D 7Y 7 SREBAEEEORSE

IX[RAA

X 1. 797 Ffradiici pAFREEERE ¢t
Wril).

SCOMEIRME L 0155723, 7, 10 BEIW
14 Riin7 7 ORI OTIRE LR L
AR N8R T, (A3 HERZ Y7 (&R
26mm), (B)7 B ¥ 777 (£E38mm), (C)
10 Ao 477 (&K 48mm), (D)14 B ¥
77 (&K 56 mm), HRAICHIFAERHILE =~
T, A =32 T 10um TH D, 3. 7 Hip

Tid, AEFATERE S LIS ATE L TR Y A&
SR A~ CH D - LB s, —
H7. 10, 14 HECIERIRZ T 2 AhifEic &
T, RFATEMIENER O P S AL A
LW, g BB pr IR

X2. 77 REMRBROREE Y 7 I~D%
L

SELTZ N T 7 ZREREsED R & 15
I YT J~OREENBHEORE AT, (A) 15 b
F 7 7 ORE S L, PKH26 CEEfi L7z K—
MROWEEHE,  B) (ADICHEEE, (©) <A
su e~y MeHWT, R —flilag 5 B+
7% 7 T OWEN~BHEL TV A8, D) N
—HRFEHEEAL OfE EOBOCAEHE, BT
FES Tz R —flans@lizz s nge, KRk, <A
7y NeRd, A7 —b3—3 30 um (A, B)
& 1mm(C,D) Thb,

3. NI KRR AESE LB T D
AR,

SCOIKIRMMERIZ L ﬁ%%m‘: 5. 6 BXWTH
WidE 17 7 ZIEVEN~ N 7 7 JRERER 2
FEL., 24 B, 28R X 04 EIRHGE L7
TORELEOEFERLTRT, O IFBAOETE
(X)), A 5 ARSI L7 ERoErE

[1: 6 HENIBE L= fEEm0AEER, @ :7
HENTRAR LT fE R OAFERERT, 5, 6 &7
RS0 7 7 ~Bhl LT & S OAFRERIT, B

FEDG 4 R F CHBRRO AT L AR A
13727577 (one-way ANOVA, P> 0.05),

4. BHEDD 4 BRIBICBTT AIEE 77 S04k
FHARE AR ER.

BHED D 4 BRHLIZI TS EOATNR % FIHE
UTHBIEE LIS RE2 "7, (A) IEBREX 77
HEFEIROIGIHE,  (B) (ADILHEHE, (C)5
AR EE Y 7 ZAFEIROFEEHS, D)
ODEEARBHE, RFUE. PKH26 BMHia 27
T, R332 T 10um TH D,

5. EEGRBEEIC X 2182 37 F OATHIRE
TR ZR.

PKH26 [ H5AMRa A SRR XA e AR % VT
oAl RERMERIC X ST OBEE AT o TR A
T, (A) WO THEES. B) (A)DEEEIZE
PKH26 %, (C)(A)DEAHZEDAPI, (D) (B)
O EERGETAM, R, PKH26 BE0L54
MRAE RS, A7r—A8=Z10um THD, AFH
JRAIZEBGA £ 4172 PKH26 Bt R—ffiaid, [
RO AT H 2 & NBATERIRTH S Z
L EER LTz,

6. tEEE V7 X O7a—Y A NA—F—|T
X BAEBAEORRYT.

Ta—YA M A—Z =L BYEE T T S
DOMAERTRER AR, (AK) JERFE LA No.1
~11 DIz AV TYERR L7z ilad 7= @ DNA B
BT, (L) 7Y 77 ZEEOMmiEE TR
L7-fiadh7= 0 O DNA &%~ d (RUT 473y
rE—), M) 7977 fEHROMmiEE FVTE
i UT= M2 7= 0 0 DNA 842779 (RAT 4 72
Y he—N), R L2EE 1 EERE TN T
DNA BEDO Y — 27377 7 ={F#HAKD DNA BEOY
— 7 =BT HI D, INOOERIETS
FEHRTH D &R T,

7. FBEZ VT T =EEN LB LN TO
PCR-RFLP |Z & 5 DNA #ZT.



RlR R ERBE T 7R E
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HEBEOY IS5 +5245  856(89/104)  70.5 (86/122) 68.5 (85/124)
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