ISSN 1343-7917

KEBIE

FISH GENETICS
AND
BREEDING SCIENCE

Volume 33
Number 2
June 2004

KEBEMAS
The Japanese Society of Fish Genetics and Breeding Science



Fr7FOREMEC & 5 EXEREREOFM (3E0)
............................................................ Bk A% ] - Worawut Koedprang - HIBIE®E - A LNEE
2 b3 Y7 DNAOFIRERUIM SRS B AR - BERE 7V — F N OBRIFE

........................................................................... (ﬁjﬁijjﬁ . ﬂé%%v/—( . E}HIE;E{‘- . H‘ﬁ ,ﬂ% .

¥ rDNADITS ik & FIH L7z PCRIZ & 27 a X A JE ORI B (L) oovveeoee LR - /R
I EERBE_HER N Y g T IBIT AIERITT IO e SN IEA - SR
YuWsroIbary Y7 DNANTOY A THBIHEDNAY A 707 LA OB
............................................................ ?E’@%ﬁ]ﬁ . ﬁj%@ng . (ﬁ%ﬂﬁ% . @‘ﬁﬁﬁy& . Bﬂgmgj_.
EAEEHMAOEREIZ L VML 7 0 — ¥ 7T OERERE OB AGRIC & 5214k

.......................................................................................... B - RIS - A TERS
DNAMRA VX7 -V N BETE AT 7 ) B O RN

............................................. THEE - AT - D BRI - S IR
FAARRET 2 /1 Pinctada fucata martensii & AVEFE T 3% 74 OEEHEE

....................................................................................... BERY - - AL A

=B&fE

Genetics in Aquaculture 2003 in Chile (7l LT «reerrremeeemremmmmmienitee e, R e TF 3
TKFEBSREIFIZDALSER +vvveveverresereses e etes ettt
H AR A TR TR (D BRAL v ovvveeser et A s
IKFEBFERFITA DI +veveveverrerereee ettt

IKEEBRER GO HEFETEAR oo oveveeevememmee e e e

164 6 FI30H
KEBEMR=

...... 129



JKEHM 33 (2004) 87

Thermal Resistance Traits in the Clonal Lines of Silver Crucian Carp
Carassius langsdorfii Evaluated by Caudal Fin Cells

(F v 7 OREfEMIRC X 2 SR e E O RH)

Kenji SAKAMOTO *"?, Worawut KOEDPRANG ***, Masamichi NAKAJIMA *?
and Nobuhiko TANIGUCHI**

*! Department of Marine Biotechnology, Faculty of Life Science and Biotechnology, Research Institute
of Marine Bioresources, Fukuyama University, Innoshima, Hiroshima 722-2101, Japan.

*? Laboratory of Applied Population Genetics, Graduate School of Agricultural Science, Tohoku
University, Sendai, Miyagi 981-8555, Japan.

** Department of Aquaculture, Faculty of Science and Fisheries Technology, Rajamangala Institute of
Technology, 179 Mu 3, Maifad, Sikao, Trang 92150, Thailand.

(PBRAZTT) (GEILAZ - 46T, ®HIbA - BE) - Worawut Koedprang (ALK - Rk,
Rajamangala Institute of Technology) *+ FIEIFE - ZONEZ (Hib K - BE))

Abstract

The thermal resistance of the silver crucian carp Carassius langsdorfii was measured in offspring assay derived
from six different clonal lines, each of which presumed to be genetically identical by using three assay methods.
Juveniles reared at 25C were exposed to thermal stress at 40 +0.5C, and the time to death during the exposure was
measured and then compared among the clonal lines. Juveniles of the clonal line SCC-1 could survive longer than
those of the other clonal lines. Assay of primary culture cells from each clone was conducted at 43C by trypan blue
assay. Under this condition, the thermal resistance of primary cultures of the SCC-1 was higher than those of the other
clonal lines (p<0.05). We used the same assay at 43C to determine the thermal resistance of free cells from caudal
fin ¢lips from each clonal line and found that the thermal resistance of the free cells of SCC-1 was higher than those of
the other clonal lines (»<0.05). Thermal resistance values observed in the whole body of the test subjects correlated
significantly (p<0.01) with the values obtained from the primary cultured cells and also those from the free cells of
the six clonal lines examined in this study. These results suggest that there is a significant correlation between iz vivo
and iz vitro thermal resistance. Therefore, the use of primary culture cells and free cells from a caudal fin clip could
be useful for evaluating thermal resistance traits in selective fish breeding.

(accepted March 29, 2004)

Introduction tance is needed”.

Water temperature is a very important factor af-
fecting the survival, growth, and reproduction in
aquatic organisms. Because thermal resistance is a
physiological trait that is significantly related to the
ability to reproduce and grow, a simple, rapid, and
reproducible method for evaluating thermal resis-

Clonal fish are considered to be useful as experi-
mental animals because there is no genetic variance

2-5, . .
). The silver crucian carp Caras-

within the clone
sius langsdorfii is a unisexual triploid species®™. All
female of triploid silver crucian carp generate unre-

duced triploid eggs. The embryonic development is
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triggered by the sperm of diploid bisexual Carassius
or other genera. However, the introduced sperm nu-
cleus does not contribute to the zygotic genome'™.
This strongly suggests that each progeny is geneti-
cally identical to the mother, and the sib-progeny of a
triploid female silver crucian carp is considered to be
a clonal line™".

Fish cell culture is a good model for in vitro stud-
ies. To determine the differences between clonal
silver crucian carp, it is necessary to record as many
data of characteristics for clonal genotypes as pos-
sible. Furthermore, if the cells developed from a
single clonal line could possibly reflect specific fea-
tures of the whole clone, the tissue donor descended
from maternal fish. The parallel test of clonal silver
crucian carp and cultured cells from the same clonal
line can show any possible correlation between traits
recorded from individual fish and the performance of
cells from the same genotype. If cells were available
and the existence of a corresponding correlation
could be proven, the evaluation of thermal resistance
measured by cultured cells could be a useful method
of selective breeding.

In the previous paper™ we reported a relationship
between the thermal resistance of three clonal lines
of silver crucian carp and those of primary culture
cells, measuring the thermal resistance of primary
culture cells from these three clonal lines at 37, 40,
or 43T by the trypan blue assay. In the present
study, we examined the thermal resistance traits of
six clonal lines of the silver crucian carp together
with the thermal resistance of primary culture cells
of each clone, and compared the thermal resistances
of the clonal fish lines with those of cells to elucidate
the relationship between resistance iz vivo and that
in vitro. In addition, we determined the thermal re-
sistance of free cells from a caudal fin clip from each
clonal line and compared the results with the ther-
mal resistance of respective clonal lines to under-
stand the relationship between the iz vitro data and
the in vivo data.

Materials and Methods
Production and identification of clonal lines

For the production of clones, brood fish of silver
crucian carp were collected from a natural popula-
tion in the lower reach of the Monobe River system,

Kochi Prefecture, Japan.

A primer set of GF17, a microsatellite DNA mark-
ers developed by Zheng et al."® was used in this
study to distinguish between clonal lines. PCR (poly-
merase chain reaction) cycling conditions were as
described elsewhere™™.

Six clonal lines (SCC-1, -2, -3, -4, -6, and -9) were
produced. Mature females ovulated artificially in
response to injection with 2000 IU/kg of human
chorionic gonadotropin (hCG, Teizo, Tokyo, Japan).
Stripped eggs from each female were inseminated
with goldfish Carassius auratus sperm and progenies
were used in the experiments.

Rearing systems

The fish were reared in a 60-1 recirculating tank
at 25C. Each clonal line was maintained separately
in an individual cage at a density of 30 fish per cage
(22 10 % 10 cm). The fish were fed ad libitum three
times daily on pellet feed and a supplement of red
worms (Chironomid larvae).

Test of high-temperature resistance

Ten fish (65 days after hatching) were selected
from each clonal line in a random fashion and held
in a mesh cage (22 X 10 X 10 cm, one cage per clonal
line) placed in an aquarium regulated at 40+0.5T.
The rearing water was mixed by aeration, and oxy-
gen was supplied to the aquarium. Dissolved oxygen
was measured by a dissolved oxygen meter (YSI
model 58, YSI Inc., USA), and solubility of oxygen in
the experimental water was maintained at saturation
concentration.

Each time, a fish was observed to have died, its
standard body length was measured. Death was
determined by the complete cessation of gill cover
movement. The mean death time (min.) of each clon-
al line represents the average of 10 determinations
+SD. Mean standard body length of each clonal line
are shown in Table 1.

Primary culture of fin cells

The primary culture cells from 9 fish of each clon-
al line were prepared by same methods as described
elsewhere™.
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Thermal sensitivity assay of primary culture cells and
free cells

The thermal sensitivity of the primary cultures
was determined by trypan blue assay as described
elsewhere'. Then, we counted the numbers of non-
stained and stained cells as living and dead cells with
a hemocytometer (200-300 cells per clonal line).

In addition to culture cells, to obtain free cells we
cut the caudal fins from 9 fish of each clonal line and
rinsed them with CMF-PBS. The fins were trypsin-
ized with 0.25% trypsin at 37°C for 10 min, suspended
in the dispersant. Cell suspensions were used for the
assay of thermal sensitivity as described above, and
then we counted the numbers of non-stained and
stained cells as living and dead cells with a hemocy-
tometer (200-300 cells per clonal line).

Statistical analysis

Statistical comparisons among clonal lines of the
death time of fish, and among clonal lines of the per-
centage of living cells from the fish were assessed
using the Steel-Dwass test.

Resuits

The responses to thermal stress as a thermal re-
sistance were measured in the six clonal lines of the
silver crucian carp. Figure 1 shows the survival rates
of the six clonal lines after the high-temperature
treatment. Table 1 shows the mean time to death
under the thermal stress. The mean times to death
ranged from 26.0 to 348.0 min among clonal lines,
and a significant difference in the time to death was

observed. The mean time to death of SCC-1 was
the highest of the six lines (p<0.05). The thermal
sensitivities of primary culture cells from each clonal
line are shown in Table 1. Significant differences in
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Fig. 1. Change of the survival rate (A) and cumulative fre-
quency (B) of dead individuals of six clonal lines of
the silver crucian carp. Ten fish of each clonal line
were exposed to thermal stress at 40+ 0.5C during
experiment.

Table 1. The mean death times of ten fish from six clonal lines of the silver crucian carp (65 days after hatching)
exposed to thermal stress at 40 =0.5C, and percentages of living primary culture cells and living dis-
persed caudal fin cells from clonal lines incubated at 43C for 2h

Clonal line SCC-1 SCC-2 SCC-3 SCC-4 SCC-6 SCC-9
Standard length 336+0.8  343+09  329+07  325+10  345+12  328+11
(mm = SD)

Mean death time 3480775 260+59"°  585+17.1° 94.1+40.1> 1058+32.7° 158.7+35.4°
(min; mean + SD)

Percentage of

living primary 682433  31.9+4.0°  35.8%+20" 451+19°  389+29"°  50.6+34°
culture cells*!?

Percentage of

living dispersed 744+16°  449+24  517+32> 537+30 500+14" 55921

caudal fin cells*2

*! Primary culture cells maintained for 15-20 days.
*2 Number of cells counted per clonal line was 200-300.

Means in the same row with different superscript letters are significantly different by Steel-Dwass test (p<0.05).
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Fig. 2. Correlation between the mean percentage of living
primary culture cells from six clonal lines incubated
at 43 for 2 h and the mean times to death of fish of
each clonal line of the silver crucian carp exposed to
thermal stress at 40+ 0.5C.

the percentage of living cells were observed among
the clonal lines in response to this treatment. The
thermal resistance of primary culture from SCC-1
was significantly different from those from others (p
<0.05). A significant positive correlation (p<0.01)
was observed between the mean percentage of liv-
ing primary culture cells and the mean death time of
fish among the clonal lines, as shown in Fig. 2. The
thermal sensitivities of free cells from the caudal fin
clips from each clonal line are also shown in Table
1. With this treatment, we observed significant dif-
ferences in the percentage of living cells among the
clonal lines. The thermal resistance of free cells from
SCC-1 was the highest of the six lines (p<0.05).
A significant positive correlation (p<0.01) was ob-
served between the mean percentage of living free
cells from the caudal fin clip and the mean time to
death of fish among the clonal line, as shown in Fig. 3.
Furthermore, a significant positive correlation (p<
0.01) was observed between the thermal resistance
values of primary cultures and those of free cells
from the caudal fin clip (Fig. 4).

Discussion

The present study demonstrated the relationship
between thermal resistance of six clonal lines of the
silver crucian carp and thermal resistance in caudal
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Fig. 3. Correlation between the mean percentage of living
free cells from caudal fin clips from six clonal lines
incubated at 43T for 2 h and the mean times to
death of fish of each clonal line of the silver crucian
carp exposed to thermal stress at 40+ 0.5C.
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Fig. 4. Correlation between the mean percentage of living
primary culture cells from six clonal lines incubated
at 43°C for 2 h and the mean percentage of living
free cells from caudal fin clips of each clonal line in-
cubated at 43°C for 2 h.

fin cells from respective clonal fish. Because these
genetically different clonal lines were reared under
common environmental conditions, most of these dif-
ferences may be caused by genetic factors. Sakamo-
to et al.” reported high that the heritability (0.883) of
the thermal resistance on the basis of mean time to
death at 40°C estimated from the comparison among
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clonal lines in the silver crucian carp at 150-152 days
after hatching. These results indicate the probabil-
ity that the selection of the resistance and sensitiv-
ity traits to high temperature would be applicable for
the selective breeding in other fish species.

Several authors reported correlations between
foxicity values obtained from toxicity tests using
cultured fish cells (i» vitro data) and values ob-
tained from tests using the whole fish body iz vivo
data)'"*”. Mori and Wakabayashi*’ conducted a
toxicity assay with 11 synthesized chemicals using
suspension-cultured fish cells and compared toxicity
values with the assay using monolayer-cultured fish
cells. The in vitro data obtained by the neutral red
assay using both of these types of fish cells corre-
lated with the iz vivo data. In the present study, the
thermal resistances of whole fish body of six clonal
lines of the silver crucian carp were compared with
those of primary culture cells from the respective
clones. A significant definite positive correlation p
<(.01) was observed between them. A similar result
was observed between the individuals of a clonal line
and free cells from caudal fin clips. A significant posi-
tive correlation (p<0.01) was also observed among
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Abstract

The genetic characteristics of a bluegill sunfish, Lepomis macrochirus, in Japan and Korea were examined by
PCR-RFLP analysis of the D-loop and ND1 regions of the fishes’ mitochondrial DNA (mtDNA). Four haplotypes were
observed in both Japanese and Korean populations. Haplotype diversity of mtDNA was the highest in the localities
which L. macrochirus invaded in the 1960°, while it was low in the localities which it invaded after 1980. The decline
of haplotype diversity with the lapse of time can be explained by the accumulation of founder effects in the repeated
transplantations. In both Lake Kasumigaura-Kitaura and Lake Biwa, haplotype frequencies of mtDNA did not differ
among populations in the same drainage, which indicates not only the presence of a single reproductive unit in each
drainage, but also the high ability of movement and the width of niche selection in L. macrochirus.

(accepted March 29, 2004)
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Fig. 1. Haplotype frequencies of mtDNA of Lepomis macrochirus in populations of Japan
and Korea. Each number corresponds to population number in Table 1.
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Table 1. Haplotype frequencies (D-loop and ND1) of mtDNA of Lepomis macrochirus in Japan and Korea

Population N* Haplotype P2
no. Locality mtl mt2 mt3 mt4d
1 - Goryokaku, Hokkaido (pond) 25 0.000 0.000 0.000 1.000 0.000
2  Hachinohe, Aomori (pond) 25 0.000 0.120 0.880 0.000 0.220
3 Hanamaki, Iwate (pond) 25 0.000 0.000 0.000 1.000 0.000
4 Sendai, Miyagi (pond) 11 0.000 0.000 0.000 1.000 0.000
5 Sakata, Yamagata (pond) 25 0.000 1.000 0.000 0.000 0.000
6 Kurobane, Tochigi (pond) 25 0.000 0.000 1.000 0.000 0.000
7  Osugatsu, Ibaragi (Lake Kasumigaura) 25 0.000 0.560 0.360 0.080 0.573
8  Yakimaki, Ibaragi (Lake Kasumigaura) 9 0.000 0.889 0.111 0.000 0.222
9 Kitaura, Ibaragi (Lake Kitaura) 25 0.000 0.720 0.120 0.160 0.460
10 Higashimatsuyama, Saitama (pond) 25 0.000 0.200 0.800 0.000 0.333
11 Kameyama, Chiba (Kameyama Reservoir) 27 0.000 1.000 0.000 0.000 0.000
12 Crown Prince Palace, Tokyo (pond) 34 0.000 0.853 0.147 0.000 0.258
13 Hakone, Kanagawa (Lake Ashinoko) 24 0.667 0.042 0.000 0.292 0.489
14 Kawaguchiko, Yamanashi (Lake Kawaguchi) 24 0.000 1.000 0.000 0.000 0.000
15 Tio, Shizuoka (Lake Ippeki) 50 0.080 0.840 0.020 0.060 0.290
16  Shiojiri, Nagano (Lake Midori) 25 1.000 0.000 0.000 0.000 0.000
17 Matsumoto, Nagano (Lake Tamizo) 25 0.000 1.000 0.000 0.000 0.000
18 Shimota, Niigata (Otani Reservoir) 24 0.000 0.167 0.000 0.833 0.290
19 Toyama, Toyama (pond) 25 0.000 0.000 0.240 0.760 0.380
20 Katayamatsu, Ishikawa (Lake Shibayamagata) 25 0.080 0.800 0.000 0.120 0.353
21 Ofu, Aichi (pond) 25 1.000 0.000 0.000 0.000 0.000
22 Kaizu, Gifu (pond) 25 0.840 0.080 0.080 0.000 0.293
23 Tamaki, Mie (pond) 25 0.800 0.200 0.000 0.000 0.333
24  Shimokitayama, Mie (Nanairo Reservoir) 25 0.000 0.000 0.000 1.000 0.000
25 Oura, Shiga (Lake Biwa) 26 0.038 0.308 0.192 0.462 0.680
26 Adogawa, Shiga (Lake Biwa) 25 0.280 0.400 0.120 0.200 0.737
27 Katada, Shiga (Lake Biwa) 25 0.160 0.480 0.080 0.280 0.687
28 Seta, Shiga (Lake Biwa) 24 0.208 0.375 0.167 0.250 0.757
29  Okinoshiraishi, Shiga (Lake Biwa) 14 0.071 0.571 0.143 0.214 0.648
30 Nishinoko, Shiga (Lake Biwa) 25 0.200 0.320 0.200 0.280 0.770
31 Kusatsu, Shiga (Lake Oiwake) 69 0.217 0.014 0.739 0.029 0.411
32 Miyazu, Kyoto (pond) 25 0.000 0.240 0.000 0.760 0.380
33 Osaka Castle, Osaka (pond) 26 0.000 0.154 0.115 0.731 0.446
34 Nara, Nara (pond) 25 0.560 0.080 0.000 0.360 0.573
35 Kishigawa, Wakayama (pond) 25 0.680 0.000 0.000 0.320 0.453
36 Hokutan, Hyogo (pond) 25 0.000 1.000 0.000 0.000 0.000
37 Tojo, Hyogo (pond) 25 0.000 0.000 0.680 0.320 0.453
38 Daisen, Tottori (pond) 25 0.120 0.800 0.080 0.000 0.353
39 Matsue, Shimane (pond) 22 1.000 0.000 0.000 0.000 0.000
40 Saijo, Hiroshima (pond) 25 0.440 0.560 0.000 0.000 0.513
41 Kumage, Yamaguchi (Nakayama Reservoir) 25 0.400 0.440 0.000 0.160 0.647
42 Shimonoseki, Yamaguchi (pond) 25 0.000 1.000 0.000 0.000 0.000
43  Miyoshi, Tokushima (pond) 25 0.000 0.000 0.000 1.000 0.000
44 Takamatsu, Kagawa (pond) 25 0.400 0.400 0.080 0.120 0.687
45 Amagi, Fukuoka (Terauchi Reservoir) 25 0.000 0.960 0.040 0.000 0.080
46 Yame, Fukuoka (Hanamune Reservoir) 25 0.000 0.000 0.000 1.000 0.000
47 'Takeo, Saga (pond) 25 0.000 1.000 0.000 0.000 0.000
48 Innai, Oita (Kashita Reservoir) 25 0.000 1.000 0.000 0.000 0.000
49 Kawahara, Nagasaki (Lake Kawahara) 23 0.000 1.000 0.000 0.000 0.000
50 Gounoura, Nagasaki (pond) 25 0.120 0.880 0.000 0.000 0.220
51 Matsubashi, Kumamoto (Hagio Reservoir) 25 0.920 0.080 0.000 0.000 0.153
52 Hitotsuse, Miyazaki (Hitotsuse Reservoir) 25 0.360 0.240 0.000 0.400 0.680
53 Fukiage, Kagoshima (Lake Satsuma) 25 0.080 0.040 0.040 0.840 0.297
54 Kanade, Okinawa (pond) 5 1.000 0.000 0.000 0.000 0.000
55 Jinju, Korea (Jinyang Reservoir) 15 0.533 0.067 0.067 0.333 0.638
56 Yongin, Korea (pond) 30 0.000 0.000 0.700 0.300 0.434
57 Jecheon, Korea (Chungju Reservoir) 21 0.238 0.048 0.095 0.619 0.576
Total 1428

*Inumber of individuals, **Haplotype diversity
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W= 2 auaRVAENIL VT o, &
HFEIT IC BV CTHEHREBRDS D Lo T2 E R B E.
1ERE M TIC D X F25ME M % 4TIt L. 711,4281H
RICDOWTHH % 4T o7z (Table 1),

PCR-RFLP % #t mtDNA @ D-loop 448 % & & #
1.8kbps & ND1 fH ik &1k % & ¢ # 1.5kbps (22 T
PCR IZ X % B8R %47 - 72 D-loop DHEIFIZ 1 Palumbi
et al Wiz X 9 A (Homo sapiens) HIESIN TS
CB3R-L (5-CAYATYMARCCMGAATGRTATTT-3')
&£ 12SAR-H (5'-ATARTRGGGTATCTAATCCYAGTT-3")
DTG4 —RT %, NDI OWIFIZIE 7TV —F o
BRI 3D X EH 5 H16S-rRNA L I2#EH L 72
12949-LMA (5-AGTTACCCTAGGGATAACAGCGCA
ATC-3") & tRNA-Met EIZEREF L 72 S2-LMA (5-GGT
ATGGGCCCAAAAGCTTA3) O T 5 A< —RT %%
272, PCREUGH 1&. DNA 200ng. 10xPCR
Buffer 2.5¢1. dNTP Mixture 241 (%2.5mM), & 75 1
<— 0.2uM, Takara Ex Tag (TaKaRa#t) 0.2 (5U/
pl) ZBRMAKEINZ25ul & L7ze PCRIZ. GeneAmp
PCR System 9700 (7 77 4 F/NA 4 ¥ A5 H X4h)
EHWT, 94T 250 OBE MR, 94T 145, 55T 1
G, 12T 20 %404 72 VDR L. ®H%EIZ72T 10
SOMERIG %17 o720 PCRETH, 1% 7 71—
A7) (Agarose 103 : TaKaRa #) % FH\» 72 BA kK
B &) WIBED OMEREIT o 72, HIREE R
4T o 72 BIMREEFR L. 4 AR O (Ual.

Alu 1, Cfr 131, Haelll, Mbo 1, Msp 1, Taq 1:TaKaRa #;
Ddel. ScrF1: TOYOBO #6L). bIE#545% 1 fE4H (Mbo
Il : TaKaRa #t) OFF10FEE % AV, BERALEIL 4B
RIS TT N a Vit o7z BRMEGED OWKE)
13, 3% o NuSieve GTG Agarose (TaKaRa#t) %
WTHro 7z, RFLP O#IE, BERkE®HR, =7
AT, PR LT HA—=RATSNVE P T VAL
IAX—F— L THEEHREETH I LIZI N o7
F—2@ UWSEORS N HIREEZICOW
TUIWNY — VR ERTHHICL), NTasv T
RIREL, NTOY A TEOEREBERED L 5 NCE
BHICBANTOY A THELNTOY L TEE
WP %KDz, T2, Boil - LW EBENICBITS
ZEFNZ DV TIACRAIZ BT 5 4 F M 0 BEE A
DHBELEDPD LT20, NTHY A THEIZDOWTD
FHERERRE™ % ARLEQUIN ver 2.000®12 & 0 175 72,

& R

SV 2108 RO 9 HHIREERY KSR,
D-loop CTiZ Mbo 1. Msp 1. Scr F1. Taq 1D 4 B3,
ND1 Tl Mboll D 1R ICB W TRD LN, Mo
BERICBW TR Y — VIZBEVWER O h o
Too SNLOYWINNY -V 2EBRTLHICLD,
mtl 225 mtd FTOF4DODNTT S 4 THRB S
72 (Tables 2,3), N7 0¥ A TH OIEFHEEIIL,
D-loop %%0.000~0.0094, ND1 7%%0.000-0.0024 & 72 1) |

Table 2. Approximate size in base pairs (bp) of all fragment pattern observed on D-loop (A) and ND1 (B) regions

in mtDNA of Lepomis macrochirus

A
Restriction Mbo [ Msp1 Scr FI Taq 1
endonuclease
Restriction
morph A B A B A B A B
Fragment 1,350 1,350 850 450 450 930 930
sizes (bp) 340 560 430 430 900
290 390 390 400 850
130 130 370 370 310 310 50
50 290 290
160 160 160 160
60 60 110
80 80
B:
Restriction Mbo 11
endonuclease
Restriction
morph A B
Fragment 1,200
sizes (bp) 900
300
150 150
110 110
80 80
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D-loop Tit mtl & mt4 @ 22, ND1 Tid mtl. mt2,
mtd D3 ODONTIF A4 TORT, FRFNIERER
A0 TH o7 (Tabled),
BREMIZBITANTOY AL THEBICOWTRS &,
HATIZEEMARD 7#H (no. 25-31), —Z
(no.15), B (no.44). BEEEH (no.53) ZBWT.
HETIEEIM (no. 55). A~ (no.57) I2BWT, 4
ODREUNTOY L TPBESINT, Lk L5200
W (&ED35%) LBV TikloonTay 47,
158 (&ED26%) BV Tid2o0NTay 47
LR oSN hole i TUy L TOHAmRITD
WTRZ L, mt2 pd % {4218 (&FD75%) 12
BWTHELI, kKW Tmtd 3215 : 24 D56%) 7%
%oz mtlid mt3 LR U< 26M 4 (&k046%)
ICBWTR SIS, HERR SN0k i LI & ®E
T, B, b#, BE, dbiEicBVLTEEdE SR
ol (Fig. 1) %8B, FHIBIIBIFANT0 s 1
TORHIZOWTCR S &, R TIE mt2 & mt3, &
Tidmtl, dETLIN Tl mt2 2SS HIK O FREH S 12 B W
T LT Sz,
EREHHEOMDNAD N T O ¥ {4 TEFEI
DWTRLEEBMARIZEENICE L, B5M
(no. 31) =k < 6 (no.25-30) W31 B0.62L
OBV EEZR LT, FTHEEN (no. 26). HEMH
(no. 28), FOWH (no.30) &2 pEL, 0.7 ET

Table 3. Composite haplotypes (D-loop and ND1) of
mtDNA for restriction enzyme polymorphism in
Lepomis macrochivus

Composite fragment pattern

Haplotype D-loop region ND1 region
Mbol Mspl ScrFl Tagql Mbo 11

mtl A A A A A

mt2 A B B A A

mt3 A A A A B

mtd B A A B A

Total

number of

fragment

patterns 2 2 2 2 2

Table 4. Nucleotide substitution ratio between haplo-
types of mtDNA in Lepomis macrochirus. Values in
D-loop are below the diagonal and those in ND1
are above the diagonal

Haplotype mtl mt2 mt3 mt4
mtl - 0.0000 0.0024 0.0000
mt2 0.0044 - 0.0024 0.0000
mt3 0.0000 0.0044 - 0.0024
mt4 0.0046 0.0094 0.0046 -

Hole BEMIUSNTE, PUF L (no. 41). B
(no.44), — vV i#Ei% & (no.52). %M (no.55) M4
b HA%0.6 L 1 & FERIAKR ICTCHCT A1 % 7 L7225,
BERD35% 2B 72 B0 B W TNT T Y £ LR
BEIX0TH o7z (Table Do HIMNZHL &, kL
BEONTOUYA TERBEIIRDIBLOSULETHY .
BEST, hE., POE, FILIZ03R R R RS Lo I,
kg - Rk L dtuidtEo i e kTN Ta v A
TERENE L KL, 0.05LLTFTH o 72 (Table 5),
MIDNADNT T & 4 THEFEIZBI 5 [J—KEN
OREWEF COEEELE - LHO3IHE
(no.7-9) & FEEMAZD 7 H# A (no. 25-31) I22WVT,
FNENLEHEEREICL VAL, Brif -
HED 3 H BN O VTR EMH TAEETECED D
Nz dro7z (P>0.05; Table 6) o FEEMKRD 7 H N
2BV Tit, B9 (no.31) 2BRE (P<0.001). i
AD 6 H & (no. 25-30) OB TIIHEEIZELEDS
Nixdrorz (P>0.05),

% =

CNFTTANIHPLHENEAS N TV —F)N
DI L, FHALAPERICHR I N TWADIE, 1960
EICTH IO = PR S HARBUFIZIE 57215
TEDOHRTH B, BAE, ARET IV —FNOREIZ
DWTIE, HARICERT 22 TOMEIZ O15E4H
KkDbDTHBETHHDE, TN—F NP D F
OB F LA TN, BAREIZ TV —F) L i
DM TH L ETHHPD200HHH, FDRIE
REOELVWERBECOWTREL L CH T
ZVWOPHIRTH 5,

4 E, mtDNADNT Y A THHI BV CERE#
TNWN—FNTF400ONT07 4 THRAD SN, 2
N SIS 19604E D 3 = Pk AR Hsk D (A D R
MENKIETH D —2W (no. 15). EEH (no.53)

Table 5. Average haplotype diversity of mtDNA in Lepomis
macrochirus in Japanese regions (mean + SD)

Haplotype diversity n*!

Hokkaido and Tohoku 0.044 = 0.098 5
Kanto 0.292£0.215 8
Joetsu, Chubu and Hokuriku  0.171 +0.189 6
Tokai 0.183 £0.168 5
Kinki 0.538+0.214 13
Chugoku 0.303 +0.295 5
Shikoku 0.343 +0.486 2
North Kyushu 0.050£0.089 6
South Kyushu 0.282+0.291 4
Korea 0.550£0.104 3
Total 57

*I number of localities
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Table 6. Exact test of population differentiation based on haplotype frequencies of mtDNA in Lepomis macrochi-
rus. Exact P values are above the diagonal and significant difference are below the diagonal. Population

number correponds to Table 1
(A) Lake Kasumigaura-Kitaura

Population no. 7 8 9
7 - 0.2046 0.1115
8 NS - 0.8027
9 NS NS -

(B) Lake Biwa

Population no. 25 26 27 28 29 30 31
25 - 0.037 0.1611 0.1874 0.2738 0.2943 0.0000
26 NS - 0.6874 0.8519 0.5030 0.7001 0.0000
27 NS NS - 0.7317 0.7572 0.5846 0.0000
28 NS NS NS - 0.5593 0.9340 0.0000
29 NS NS NS NS - 0.4800 0.0000
30 NS NS NS NS NS - 0.0000
31 EE XS EXX] * k% EET ] EX XS EX X3 -

##% P<0.001. NS=not significant.

DHDEFRI—HLZEH, DD, S L /- EE
3L (no. 55-57) DEMH1960FERBLLICH AN S
BIA S N EEICHET AR THEWEE 2
5% N7y A4 FEOEREBERE), D-loop 2B\
Tlidmtl & mtd @ 22>, NDLIZEBWTid mtl, mt2,
md D3 ODNT T A4 TOMTOTHo7-FHh 5
BrLC. SBIRAS N mtDNAD 470 ¥ 4 734
NETVN—FNDLDTHLrEEZOND, T2,
EE L3S RERFITICHY-2EEIICBVWTC, #
o, BESH. RS O S BB IS DWW TR D,
WETERDMEED TN — XN OB ERZTBY, /S
TR = F (L gibbosus) &\ o727V —F)VIEDA
BREICRONS L) sz -MEkiiedRon
kot INHLOENL, BHHPRHED 5k
RTV LR HREOMELY 7N —F) & RigEOM
TETHDHETHUREBIEIBO TRNEE R 5, Lo L
BHS, SETTIH VWO mDNADATH Y,
TN T AA TS (Salvelinus alpinus) £ TNy 7 -5
7 & (S fontinalis) OIFERON L8, Frefih
D mDNA DA DPHBEL TV A RER O ZE 2 515
eSO, BRCBT B OH EOBRIEIZ L7 -
Tid, mtDNA7ZZV <427 at55 4 b, AFLP
(Amplified fragment length polymorphism: HIEKTH &
R BIZE BT LGW LB TIT ) LEVRH B,
F7o, FEMBTDH 2 IREFOBRGFEYR T HS 2
THEICLYD, HREBENIB S 7V —FILOIEH
RARIEL O NCEFIBEIIFHTREEEZ L 0N 5,

SR H L7 EE/ICBIT 2 mDNADO N T 1 %
4 THBIZOWTHR DL E (Fig. 1, Table 1), — 253
(no. 15). FEEM (no. 25-30). B (no. 44). PR

# (no.53). BE (no.55. 57) T4 EMH /x4
DDONTIIA TOETHRED LNz, TOFT, —
SN, PEEEBA 19601 Y = FAKIREEERD 7V —
FNDPRIESN TG TH Y. —F0H. EEWN.
FE BRI CUI1960F A & v o 228 b FL VBRI B AR
TOEEVHEREINTVEY, HIZmtDNADNT T
5 A4 THWHE—TH5MNIER (no. 46-49). HEE (no.
14, 16, 17). ¥Jt (no.3-6). L& (no.1) Wy
nh T —F OB AEMNRDIE . 19804FH LA
HEPHERINLHBHTH LD, Lo EIE. B
R - EENC B S mDNA DN T 1T 5 A TERREEDS,
TN —=FIWORAERPFVEEHIIBVTEE L.
WIZH L WA B W TIEWEEZ R LTS, &
BHWHTNHNTO s 4 TEREVPRECELLERE L
TEZONLHEE, L 0ERHMIIBNTT V—F )
DBV EAEEIC L Y IThiv, BEHSHREIED
NT5% LT HABEDFEPORBOTNEMETH %,

/. BAEROH L AERMIE S mtDNA DN 71
YA TEHEREIMBEAEE & LCiE, TV —FNh4kE
HIZBAT S F CoMIchod B TRERT 2 8lthE
SROBEHHE 2 AHICL Y, BEHNSHEIRT T
LEPEZLLNS,

MDNA D ZNTF 27 4 TOHAIZB T, mtl ik
HEDE EBEICBVWTOARLNDS &) KB
LAk Lz (Fig. Do 70— ¥V IZ19704E A4 B
Pz, MU, BB, BRI R SIS R
L. mtl RSN Lo /2B, B, ik, Jbipl
X19804E B L LIRE I A O A4 BATFERR S M- #I8 T
50, ZOBE,SEE, LB, Bk, dbiEEIcBWT
mMAFLEL B VWEBE LTEZONLEIL, 7L —
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FN DA IER DB BT 5 0> D BRI FE
I2& D mil BSkbii/ b TA58DTHbH, /2. F
B, BB, B, dblEEOSRERSICIBITENT
Uy A TOED, B bl (no. 79 LE M
(no. 13) #B &, @TC142VWLE2TH-o BRI H
LAMITIZBIT A2 BEOBBHEFEIORE SERT
bDEF 2D (Table 1)o £HIHITHBIT %5 mDNA
TUE AL TOBBIIOVWTRLE, HBETIEIm? &
mt3, T mil, NI T mt2 & v o 2o B
Lz B CclREON Ty L THELEBELTCRS
NAEmPRD SNz (Fig. 1o L2 LGS, AF
(no. 2) IZHBWTiImt3 &\ ) B A EREH S Tk
sl AohnwnTay L IR LN, BTtk o
T2 ) ORI A BIEIMThb LT 5 T HEN
PR b

B LHCTIEIAKRADIHE (no. 7-9) O/
T mDNADONT TS 4 THEICEEEFPRONLR
Poiz (P>0.05). FABEMICBW TR, AFTIE
BEWAKRICIBETLIDOORBEEINIAKRTH 5B
i (no.31) % &, WA 6 A (no. 25-30) O
HMTErNTas 4 THECREZIR O o7
(Table 5)s TN HDHERIE, EEMO1DTHSH 7
1) FZBWT, FA—AGRRORE T OM TIZ 71
YA AEBEITREEN RO N o /2B L —HL
TEYD, BAKRIZBIT 5 BE—BIHEN OO ] FE
M2 TR, TH—FVoOBBRTOE S LELR
B OEIREDIRE S ERTIDEER b, ARICBITS
TN —FNOEERDOEHIE . TR B & R
IS H D EENTVEDD, TV —FNLORBEEE
HEAERBREOERFIEDIL X b EERI OB L LT
BIFAZENTEAMIIEDNS, BICEEBHOBA
WKIEAYA < BREDSZHMICE A, FEREICBWTIE
775 WA (Sarcocheilichthys biwaensis)™. ¥ 7 <
A (Onchorhynchus masou subsp.)™ DBIZHI DI sE
ORI LPER L 2 WS FET LB, S, #BHE40
ERMICBEMSNRSICH M 25T, —KEHER %
TR L7270 — )0V O B5E )] & BRI IS T3l
EVDOTHLHEFx b, B, RKEBRICIBIT A4
WHEHME LR L TIT L TR S 7 F 82 - 0
7 F XA DRI RELEETH 0. BRI OB
BV TEBIEA RO E BRI & £ E ORIV
HTHbDo RO BIETHN & BHTE L AT
LTIFDZEICED, TN —FNDFEL WEGHARE -
HEHABELZHL DT LENLETH D,

C
HAR - BERE 7V — FN OB Z S 02T

BTz, HARBAHL K & BE 3 #hpi D FF57H A 001,428
iR IZ2owC, I b3 ¥ F1Y 7 DNA ® D-loop 4615
& ND1 B BT A PCR-RELPIC X H 70 % 47
DB EIT 720 FOKE. HRLBEIZBWTIZS
HW@T 54000707 4 THHEREN, KR
£ TICBITLEEAENRE mtDNAONT O ¥ [ 7%
RRE OB SR S, 1960FEAICBEA DR &
NS BN TRNT TS £ TEHEREPRDE (.
12 19804F PARE IR A DSHERR S L7z H 2 B\ TR
Motz UL, VEEERIC I ARBEE Z ) LB
DD EL &) BIEERROBEICL Y, BEHNE
BMEREbN-RICLDEEZ SN T2 B il
Ll & BEMICBWTIZZMN TmDNAD /NSO ¥
A THEIZEHERENRRONT., TIISKRICB
A E—BREROFIEZ T TR L, TV—FLo
B OB S LARREOBIED)L S 2/RTLD &
Zz 5Nz,

Eil 22

ARWFFEIL R4 - 154 KRBT 7V — F VR ESEY
BHEEXRO-RLLTITDNIZbDTH D, B
FELOHITH0 . ERETFEHTE E R IO L%
EMELAANEREE V- TRICIEELDES
Tz, B, KifFRE#ED L0, 2 VI
75 ICBRRBHICBOYTCTROT 4 I REB#
R0l L OESHALE L LTS (i) -
THE & eiEsokERILE) . BakE (FHRE
WEKENZE Y v & —RUKETZERT) . =#B— (=
HRFRZL) . BEHLKR - ARBIE HAREKE
RER) . 28 B GhBEAKRKERRYE) . K
Bl (FEEEMEENIEY Y ¥ —KEXH). F
B OB QLBEKEENY Y & —), PERE (KR
BKTEKERERY) . W 1F R RF
BHEEED) . A BR (R RKEREY) . IMAFF (P
WRFRET VT LER) . HERE (FEEKE
BB . FILET UERRERESR) . MERE -
JNEAE - BEHEAE RERERFE) . FE—Z (K
B ARAEE v 4 —) . EREFH ROk KER
BRE) . AR (BAREREHHRETE Y X)),
AR (LB R TR RSESER) . 2HBAT (F
BT L b oW EKIEEE) . SRl (EFIERAER
Bl . WEKER (BBEESRFKERRYE) . B &
(18 B LK BE R PR & > & — K TERFZET) . /NI
A EY (JUHKRFHFER), W R (RIERELE
2. BEFE (KOBEEKERT LY & — AKX
WBTZERT) . SR —#& - KHER GRERACFIFEIR)
Rl (mE : FHKE) .
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Abstract
It is sometimes difficult to identify the pearl oyster species of the genus Pinctada by its shell characteristics. We

developed a PCR-based method to discriminate five pearl oyster species or groups using Internal Transcribed Spacer
(ITS)-1 and ITS-2 regions of nuclear ribosomal DNA. This technique includes only two steps; 1) amplification of
the specific inter-ITS region by PCR, and 2) 1% agarose gel electrophoresis of the PCR product for 20 min. (100 V).
Amplification of 700-800 bp DNA fragments was unequivocally species-or group-specific,thereby allowing identification

of pearl oyster species not only in adult but in larval (umbo stage) samples as well.
(accepted April 21, 2004)

Introduction

Hayami® described 7 species of Genus Pinctada
(Family Pteriacea; pelecypod mollusk) in Japanese
sea field. They are Piuctada martensii Dunker,
P, fucata Gould, P maculate Gould, P albina La-
marck, P nigra Gould, P margaritifera Linnaeus,
and P maxima Jameson. Among these, B martensii
is an important commercial species to be used for
cultured pearl production in Japan. In southwestern
Japan farmers collect wild spats of P martensii as a
mother of pearl. Sometimes, other species such as
P maculata, P albina and P nigra are attractive for
pearl collectors although they are not suitable for
pearl production.

Identification of the species of Pinctada has been
based on their shell morphology in most cases. How-
ever, there is much variation of shell morphology
within species, and shell morphology is affected by

environmental condition. In particular, at the larvae
or juvenile stages, it is difficult to identify the species
of Pinctada morphologically, because their morphol-
ogy are very similar each other. While most previous
studies about Pinctada taxonomy have been based

29 on allozymes have

on morphology, some studies
shown that their variation could be used to iden-
tify partly populations of Pinctada species but did not
give complete evidences of population differentiation
from not only Japan but other regions. Thus, it is
highly desirable to develop more stable and simple
technique for the species identification for the stud-
ies on genetic breeding, resource management, tax-
onomy, and ecology of the genus Pinctada.
Recently, species identification methods using
Polymerase Chain Reaction (PCR) have been devel-
oped in many organisms including fish and shellfish.
It depends on the simple and sensitive technique

Corresponding author; Tetsuji Masaoka, Farming Biology Division, National Research Institute of Aquaculture, 411-2,

Hiruta Tamaki Mie 519-0423, Japan.
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applicable to small or fixed samples®™”.

Masaoka et al'” reported that they could distin-
guish five species or groups (species 1: Pinctada.
maxima, species 2: P margaritifera, group 3:
P albina and P nigra, species 4: P maculata, and
group 5: P martensii, P fucata and F imbricata Rod-
ing'®) among the species of Pinctada by sequence
analysis of Internal Transcribed Spacer(ITS) 1 and
ITS-2 regions of nuclear ribosomal DNA(rDNA).
The objective of the present work is to develop a
simple and rapid method for species identification of
the 5 species or groups using PCR amplification of
the same regions.

Materials and Methods
DNA Sample

Table 1 shows the detailed information of the
samples used in the present study. All adult and
juvenile samples were raw or fixed in 70% ethanol.
Ten to 100 mg muscle tissue was soaked in 5001 of
TNES-Urea 6 M buffer for crude DNA extraction.
Each umbo stage larva fixed in 70% ethanol was simi-
larly treated for DNA extraction. For tissue or larva

digestion, 0.4 mg of Proteinase K was added and the
mixture was incubated for 12~16 hours at 37°C. Total
DNA was then extracted with phenol-chroloform and
hydroxyapatite (Masaoka et al™®).

PCR amplification

The portion between the ITS-1 and ITS-2 was
amplified by PCR. Table 2 shows 5 sets of primer
pairs for identification of the 5 species or groups
of Pinctada species; primer set S is for species 1, K
for species 2, MO for group 3, MI for species 4, and
A for group 5, respectively. Forward primers were
constructed based on the sequence of the 5’ region of
ITS-1 and reverse primer was based on the sequence
of the 3’ region of ITS-2. PCR mixture contained
10 mM Tris-HCI, pH 8.3, 50 mM KCI, 3.0 mM MgCl,,
0.001% gelatin, 100xM each of dNTPs, 0.5uM
each of primers, 0.5 U of ExTaq DNA polymerase
(TAKARA), and 141 DNA sample in 20 1. PCR con-
dition included preheating at 94 for 5 min, 25 cycle
of denaturation at 94°C for 30 sec, annealing at 62°C
for 30 sec, and extension at 72°C for 1 min, and post-
cycle extension at 72°C for 7 min. In the case of larval

Table 1. Samples of Pinctada species examined

Species or Groups Species Location Sources™ Number of
sample

Species 1 P maxima Philippines A 8
Species 2 P, margaritifera Okinawa, Japan A 9
Kochi, Japan w 1

Group 3 P albina Amami, Kagoshima, Japan W 8
P nigra Amami, Kagoshima, Japan W 8

Species 4 P maculata Amami, Kagoshima, Japan w 14
Group 5 P. martensii Ishikawa, Japan W 2
Ishikawa, Japan*? A 16

Mie, Japan w 2

QOki, Shimane, Japan w 2

Nagasaki, Japan W 2

Ehime, Japan A 2

P, fucata Kamikoshiki, Kagoshima, Japan W 2

Amami, Kagoshima, Japan W 2

Hainan, China A 5

Liusha, China A 5

Cambodia w 10

Myanmar A 10

Perth, Australia \4 1

P imbricata Florida, USA w 5

*! A, samples produced in hatcheries and W, wild samples.

*2Umbo stage larva.
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Table 2. Primer sets for each species or groups of Pinctada

Primer set Primer sequence
(Species or Groups) q
S Forward: 5-CAGAGGTTAGCCTCTCGCT-3’
(Species 1) Reverse: 5-CCCTCAACACGGAAATA-3
K Forward: 5-CAAATTCTCGAAAGAGAAAAAGAT-3
(Species 2) Reverse: 5-CGTCGTCATGACAGAACAGGCC3
MO Forward: 5-GACCTCGTCTCTTCGCTGAACAAT-3’
(Group 3) Reverse: 5-GTTTTTTCGAATAAGAGAAGTAGCAA-3
MI Forward: 5-CTTGGGTCTCTACCCTTGACTGAT-3’
(Species 4) Reverse: 5-GGATGGAGGTGTAAAGCCAAGAAACC-Y
A Forward: 5-CTCAGCAAGAGTGAAAACTTGC-3
(Group 5) Reverse: 5-GTCATCCATCGACAGTCTTGGA-3

5-GTCATCCATCGACAAGTCTTG-3

Two reverse primers of Primer set A were mixed equally in PCR.

Species or Groups 1-5: See Table 1.

samples cycling increased to 40 to 45. PCR products
were examined by electrophoresis on a 1.0% agarose
gel in TAE buffer at 100 V for 20 min, and stained in
ethidium bromide.

Results and Discussion

Each primer set amplified only specific inter-
ITS DNA fragments of 700-800 bp in each species
or group of samples examined (Fig.1). Primer set
S amplified DNA fragments only from 8 samples of
species 1, primer set K did so only from 10 samples
of species 2, primer set MO did so only from 16 sam-
ples of group 3, primer set MI only from 14 samples
of species 4, primer set A only from 66 samples of
group 5, respectively (Table 3). We confirmed that
all these amplified PCR products were the portion
flanked with the ITS-1 and ITS-2 region by sequenc-
ing (data not shown). These results indicate that
PCR using these primer sets are useful to identify
Pinctada species. We could also amplify the specific
DNA sequence for 16 umbo stage larvae of P mar-
tensii (group 5, Ishikawa, Japan) with the primer set
A, indicating the availalibity of the present method
for identification of the umbo stage larvae of pearl
oyster. The method would be extended to discrimi-
nate other species of Pinctada which are sometimes
difficult to be identified morphologically.

Species identification methods using mtDNA se-
quence are developed in many species of fish and
shellfish. Most of these methods include three steps,
1) amplification of specific DNA region by PCR, 2)
digestion by restriction enzyme and 3) agarose gel

M123451234512345M

Fig. 1. Electrophoretic analysis of PCR products to identify
pear] oyster species.

S: Products of PCR using the primer set S, K: Products of
PCR using the primer set K, MO: Products of PCR using
the primer set MO, MI: Products of PCR using the primer
set MI, A: Products of PCR using the primer set A. Lane
1: Pinctada maxima (Species 1), Lane 2: P margaritifera
(Species 2), Lane 3 : E albina (Group 3), Lane 4: P macu-
lata (Species 4), 5: P martensii, (Group 5), M: Molecular
size markers (A/Hind I1I digestion).

electrophoresis. Compared with the method using re-
striction fragment length polymorphism (RFLPs), the
present technique includes two steps, amplification of
specific DNA region by PCR and agarose gel electro-
phoresis. Thus it is more convenient and easier than
the PCR-RFLPs method. Furthermore we would be
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Table 3. Amplification rate of inter-ITS DNA fragments in each species or groups of Pinctada by PCR using each

primer set
oo . Primer set
pecies or Groups S K MO MI A
Species 1 100 0 0 0 0
Species 2 0 100 0 0 0
Group 3 0 0 100 0 0
Species 4 0 0 0 100 0
Group 5 0 0 0 0 100

Amplification rate: 100 X (number of specimens from which DNA fragment was amplified/number of specimens tested).

Species or Groups 1-5: See Table 1.

able to identify a hybrid between species or groups
of Pinctada with this method, since we analyze nu-
clear DNA region.

ITS regions of rDNA have been used for the phy-
logenetic analysis of salmonid*® or the intraspecific
phylogeography of shellfish'?”. We here present
the PCR method using ITS regions of rDNA which
can be used for a rapid species identification of the
genus Pinctada. This technique would contribute to
studies of ecology, taxonomy, genetic breeding, and
resource management of pearl oysters. For these
purposes, however, we need further research on
other populations of Pinctada since many species of
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Unreduced Diploid Eggs in the Diploid Loach Misgurnus anguillicaudatus,
from Lake Junsai-Numa, Hokkaido, Japan
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Abstract
In a population with relatively high frequency of triploid individuals, triploid loaches appear as a result of the

accidental fertilization of unreduced diploid eggs, spawned by unisexual diploid loaches, by normal haploid sperm.

However, in other populations where a few triploid loaches were found, the mechanism for the occurrence of triploid

has not been resolved. We investigated the ploidy status of loach specimens collected from Lake Junsai-Numa, Nanae

Town, Hokkaido, Japan. We produced progeny from these loaches by experimental crosses and induced gynogenesis,

then determined their ploidy status. Although all the loach individuals (#=25) examined were flow-cytometrically

determined as diploid, we found based on the ploidy status of the progeny, that some females laid some diploid

unreduced eggs. Microsatellite genotyping disclosed that gynogenetic diploid progeny induced from such unreduced

eggs were not clonal, and gave genotypes genetically different from the mother. Genetic results also suggest that most
diploid eggs might be formed by spontaneous inhibition of the second meiotic division after fertilization.
(accepted May 12, 2004)
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Fig. 1. Flow cytometric histograms for relative DNA content of somatic cells and spermatozoa, when erythrocytes

of normal diploid loach are used as standard of 2C.
(a) 1C DNA content of loach spermatozoa, (b) 1.4C DNA content of goldfish spermatozoa, (c) 2C DNA content of
diploid loach, (d) 2.4C DNA content of the hybrid between haploid eggs of diploid loach female and spermatozoa
of goldfish male, (e) 3C DNA content of triploid loach, (f) 3.4C DNA content of the hybrid between diploid eggs
of diploid loach female and spermatozoa of goldfish male
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PLTRDIE L A EDPIER RIVEEELZ R L, Th
LDIFEALIZ2CHODDNARZRT B HRTH- 72
» (Fig. 1¢). 4R RICBWVWTIICHODNAEZ/RT =
iR R 57 (Fig. le. Table 1), %k (DNA&E
10), Ptk - —EEY A4 2 (DNAE 1C & 2C) »°
1RZCBWTCR O/ (Tablel),

RSB ER P S O % ¥ o FaE ol A%
LA, URRICBWTOUFADES I,
PALERIZ15% D 5662% L FRTEIZKEL B o7
(Table 1), ¥ > ¥ a T & OZHICHRT 57T,
FTRTCHBRTH o720 FYa 7BTFOMN DNAEE
1C & L 728 (Fig. 1la). ¥ > F 3 35T 131.4C o3t
fEemR L7z (Fig. 1b)o ZHOZHIHIRT KD

%< i324CODNAEE R L., MHEOMHETH o 7208
(Fig. 1d). 45 Dfihi23.4C @ DNA & % /R =5k
M (Fig. 1) »50id#n EODNAE, /201
EFA 2 MERTEENSERICBVWTHIZ SN
(Table 1),

M S AL DB UVE U FaBTicky
NBMMEREFR L 2L A, ARRIZB VTR
HHES N (Table 1)o ZOHTFITRALSD 3
FRAOMEMEFEA M, T XCTHIE, AGE, /IR,
RFEOFBMIEE#H 2R L7220 L, FITRAD
BEIZIEE A LT TH o 7205 PHIFIEETH-
720 BEMBEIZOWTRS &, FITRAUS O3 HK R
TiE, ARLZEEDTNTH, EREAO TH - 72

Table 1. Hatching rate and relative DNA content of the progenies from normal fertilization using normal sperm,
hybridization using goldfish sperm and induced gynogenesis using UV irradiated sperm

Cross Egg Hatch Relative DNA content
Female Male 7 n % *! ”n 1IC 2C 24C 3C 34C 44C 5.4C mosaic
F1 M6 229 17 75 10 0 3 0 7 0 0 0 0
F2 M6 115 0 0 - - - - - - - - -
F5 M6 137 0 0 - - - - - - - -
F6 M6 126 11 133 9 0 9 0 0 0 0 0 0
F7 A 75 0 0 - - - - - - - -
F8 A 112 0 0 - - - - - - - - -
F9 A 156 104 66.7 15 1 12 0 1 0 0 0 1%
F10 A 90 0 0 - - - - - - - - -
Fi2 A 108 38 351 15 0 13 0 2 0 0 0 0
F13 B 173 5 2.9 5 0 5 0 0 0 0 0 0
F14 B 156 9 5.8 9 0 9 0 0 0 0 0 0
F15 B 177 38 214 10 0 10 0 0 0 0 0 0
F16 B 157 93 59.2 10 0 10 0 0 0 0 0 0
F17 B 187 51 272 20 0 18 0 2 0 0 0 0
F1 Goldfish*? 131 2 1.5 2 0 0 1 0 1 0 0 0
F2 Goldfish 210 41 227 10 0 0 4 0 6 0 0 0
F5 Goldfish 186 97 584 10 0 0 8 0 2 0 0 0
F6 Goldfish 253 54 21.8 10 0 0 9 0 1 0 0 0
F7 Goldfish 163 57 349 10 0 0 10 0 0 0 0 0
F8 Goldfish 152 9 59 8 0 0 3 0 5 0 0 0
F9 Goldfish 176 64 363 15 0 0 15 0 0 0 0 0
F10 Goldfish 144 0 0 - - - - - - - - -
F11 Goldfish 209 3 1.4 2 0 0 2 0 0 0 0 0
F12 Goldfish 153 81 529 15 0 0 13 0 1 0 1 0
F13 Goldfish 163 10 6.1 7 0 0 7 0 0 0 0 0
F14 Goldfish 159 23 145 10 0 0 10 0 0 0 0 0
F15 Goldfish 146 10 68 9 0 0 8 0 0 0 0 1%
Fi16 Goldfish 175 116 66.2 10 0 0 10 0 0 0 0 0
F17 Goldfish 127 15 11.8 14 0 0 11 0 1 1 0 1%8
F13 UV goldfish™® 325 0 0 - - - - - - - - -
F14 UV goldfish 270 98 36.3 9 9 0 0 0 0 0 0 0
F15 UV goldfish 257 13 51 10 10 0 0 0 0 0 0 0
F16 UV goldfish 287 35 122 8 8 0 0 0 0 0 0 0
F17 UV goldfish 182 14 7.7 10 7 3 0 0 0 0 0 0

*!Relative to total number of eggs **DNA content of goldfish spermatozoa is 1.4C
*3Ultraviolet ray irradiated goldfish sperm  **1C/2C mosaic *°1.4C/3.4C mosaic  **2.4C/4.4C mosaic
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DR LTy FI78RA T 10 &, 7 EEDSEHE
(1C)\ 3SR (2C) THh o 720

BIEERT SHERICIBWT, TREZEAOA
TH o LFIRRADZMEETH (n=6). FRIZZMHE
MHELBFITRRO AT H# (n=4). ZFETH
(n=2). BLOMEMERE_BEETHR (h=4) ZHEL
LC6HEHEDOMS~— 75— (Mac3.15.24.35.37.49)
BTN 2 17 - 720

=N —-BEABOMABZEK (y=067)27D
LTFTOATHNINET S EEZ SND Mac24 B LB
W, F165% (ME100/110, HEBI104/114) D4

ek, MREEBHEO 7Y VEEEo v —p —HI
(1107114 : 3184k, 100/104 : 3MEE) RSN 72 (Fig.
2a. Table 2), F17R% (MEB104/112, W 104/114)

D_EES A Y TNVORERI L WIS~ — 5 —H
(104/112 : 2184k, 104/114 : 1Rk, 104/104 : 18
&) ©AH%ERL 7 (Fig. 2a. Table 2), F17fskn =
AR5 2 R T, 104/104/112F 104/112/1140
~—A-BPER LN, TS ITMEREBRO 2K (104
$112) L HEBBRO 1RO T )NV (104F7213114) T
S LT 7z (Fig. 2a, Table 2), F17H1 3k o> i 14
BECHEETCIE BHEEE LY —2 -1 (104/112)
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Fig. 2. Microsatellite genotypes in the normally fertilized and gynogetically induced progeny of the loach. (a) Mac 24 and (b)
Mac 49 genotypes among dipleid progeny developing from normally fertilized eggs of female F16 and triploid, diploid
and UV-induced gynogenetic diploid progeny developing from normally and gynogetically fertillized eggs of female F17.

Table 2. Microsatellite genotypes in the normally fertilized and gynogetically induced progeny of the loach females F16 and F17

Microsatellite Female Parental genotype Diploid Triploid Gynogenetic diploid
locus No.  Female Male # Genotype: # #n Genotype: # % Genotype: #
Mac3 F16 103/132 103/105 6 103/105:3,105/132:1, 103/103:2 - -
[0.06]* F17 110/117 103/105 4 103/110:2, 103/1171, 105/117:1 2 103/110/110:1, 103/117/1171 4 110/110:3, 117/117:1
Macls Fl6 161/164 151/164 6 151/164:3,161/164:1, 151/161:1, 164/164:1 - -
[0.91] Fi7 151/161 151/164 4 161/164:3, 151/151:1 2 151/151/1612 4 151/161:3,151/151:1
Mac24 F16 100/110 104/114 6 110/114:3, 100/104:3 - -
[0.67] F17 104/112 104/114 4 104/112:2, 104/114:1, 104/104:1 2 104/104/112:1,104/112/114:1 4 104/112:2, 104/104:1, 112/112:1
Mac35 F16 117/121 114/123 6 123/121:2, 123/1172, 114/121:1, 117/121:1 - -
10.90] F17 111/111 114/123 4 111/114:2 111/123:2 2 111/111/1142 4 111/1114
Mac37 F16  79/89 79/89 6 79/89:4,79/79:2 - -
[0.47] F17  79/93 79/89 4 89/93:2,79/79:2 2 79/89/93:1, 79/79/93:.1 4 79/934
Mac49 F16  93/120 102/110 6 93/102:2,93/110:3, 110/120:1 - -
[0.06] F17  89/108 102/110 4 89/102:2,89/110:1, 108/110:1 2 89/89/102:1, 102/108/108:1 4 89/89:3, 108/108:1

*! Microsatellite-centromere recombination rate (second meotic division segregation frequency=9)

12)
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AE (104/1048 112/112) %R $ FFRAS2 AR S
7> (Fig. 2a. Table 2),
FoOMOTAATIZHEVWEEZ ONE 3OO
(Mac15.35.37; Morishima et al.”®) 123B\C, Mac35
FECIIMEDS R EEAITH ) BT ATRETH o 124
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15213 LR D Mac24 BEE AR CH o 72 (Table2)o T
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7oy F1755% (ME3R89/108. HEE102/110) \ZHIR§
5MEEIZOWTh kO~ — 71—l (89/102: 2 1R
. 89/110 : 1. 108/110: 1fE1k) R 617z
(Fig. 2b, Table 2). F17HE®D =AT-% 2 MK,
89/89/102% 102/108/108Tdh » 12 T b, MEH
WKHET L2007 ) vowdhhr—F (89F 721k
108) WZDWTHREHRERE 2 Y, A CHBICHSR
TB57 YN (102) 4 L7z (Fig. 2b, Table 2), F17
OMEWESE EATHR RO — 0 —BIX, MH
WCHERT L7 VoWTp—F (89F7213108) 12
DWCHREHEAEITH 7 (Fig. 2b. Table 2),
FRRICEIERAEIC B 5 L& X b b Mac3
WKBWTH, WH O DNABH OT-HADOEERNIE
L3O Mac49BEE TR L Td o7z (Table 2), $72bH,
FI6EFITRRICHET 2 FIa 7 TR MR &
BHROT7T I NVE—FT oL, FITRRICHRKT S
ZREEPCHEERECEECRBEO 7 ) Loy
—FFIZDWTHREBEEEOFEEDOADFEE S N 20

Z =B

L ARET B3 13 Zhang and Arai® 12 & ¥, KSHE T
ZfEERO SN K ITICBE T A TH B 2 &
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BE o BOLNLEDP 577,
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EREC BN TCERE 2 BRI ER SN T D 2
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FUavilig NV a v FooBseE-5e. 9%
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Abstract

For genetic stock identification, an oligonucleotide (DNA) microarray hybridization method was developed for
rapid and accurate detection of nucleotide sequence variations in 20 previously identified variable nucleotide sites
in the approximately 500 bp 5 half of the control region of mitochondrial (mt) DNA of chum salmon (Oncorhynchus
keta) for genetic stock identification. The method is composed of 3 steps: 1) the immobilization of synthesized
oligonucleotides containing respective polymorphic sites on a slide glass pre-coated with Poly-carbodiimide resin,
2) a two-hour hybridization with a DNA microarray of biotinylated PCR fragments spanning the 5 variable portion
followed by short washing, and 3) the visualization of hybridization signals using the conventional ABC method and
the comparison of scanner-taken signal images on a computer. All the process of hybridization and detection was
completed within eight hours. This developed DNA microarray could detect all the single nucleotide mutations and
therefore could identify the sequence variations defining 30 mtDNA haplotypes of chum salmon as revealed previously
by nucleotide sequence analysis.
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Length Polymorphism) #% T 6 N7z DLH]

WZDOWTHIT LT A 720, REEE ORI MR &
VW IR R 2 Tz,

B, 413 aY 47 O mtDNA 2 > b a— )U5E
DIEREFBITIC LV ZBOLT 2B L2, H
A, BE, o7, JLKRO4SEN D 52000% 8 2 B E
EIZ DWW T mtDNA 7 > b 17— LE 5 I ERE O
FCH DFENT % AT\ 20 BT OIE L RET & £ O
AREDLRIZLB30DNTY L TR B L1z, £DON
TOY A TOGMIHIBIC L VR 25 5 2 & 35h

HARSE © T267-0056 THEETEMKXKEG1-2-3 HEHHERSEEY ¥ — N+ 70V —TF FRERE

E-mail: moriya@nisshinbo.co.jp



116

0. ESIZEHED Y O rRERE O RBERAT & b
T2l ZARFELEBEHEIMEONZ 0L, 2O
mtDNA N 70 % 4 TSRS E 2 RS EE L
TEWTRERZ DO EARBENLS, L Lad
Oy V=7 Y AEIZ X BTN B R B ESLET
HY, M EFEL 205, /2, PCR-RFLP #:Cid,
ERO &) ICHIEEIMENIIS, H o RBOLI %
R % 72D I SHEBOMIBREER D LE R 120, f#IT
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CCT GCT TAA TGT AGT-3' (forward). 5-ATA AGA
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500bp 12 H & 172208 BT » % £ (DDBJ/EMBL/
GenBank 7 7 & A %5 AB039890~AB039901 # X OF
AB091514~AB091531)® ® #h 2% &t & 5 12,
17 mer 2520 mer D38 D+ 1) v — DNA (F v
7F % —DNA) %&EI L7 FRENOEFZFE1L
WCR$o TOLIH RIS N-38f DA ) T~ —
DNA # &3 L. Bi% L7 CarboStation® Fiz< 4 7
ARy F—I2X ) ARy P LTHARKE SE, 600m]
DEESVEIBE A S L T4 ) Iv— DNAZ[FEZ L
2o DNAYA 707 LA OBETHEOKZ K12
ANERS
NS TFNEIE—Y g e FF a0 BRIt
AR L72E N TN FA = a vick by 7 F
NVOBBIZIZEHOBREEBRBPLETH 555, FAld
RV I LTI DV EHOBRINEELREL L
7oo BOFRITHBILERTEL LT BICHA LR
Tw5b ABC#¥: (Avidin — Biotin Complex) &IEiEh %
VA F 7Y v ORRNLESGEFIBE L FES
Hwnize ZOFEZHVAEEROTLEE 2R T,
T, AERLADNAYA 707 LA 270y ¥
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#£1 EEfLLzA) I —DNA—E

Y 5 LR B
e, = 2 SE| B Ew B s
10 1 -« ACATCCC: -~ 20 194 20 --AGCAAAA- -~ 20
2 -+-ACACCCC: - 20 21 ---AGCTAAA: - - 20
30 3 -+ TGCTATA: - - 20 231 22 - *AACTGAT: - - 20
4 -+ TGCCATA: - - 20 23 -+ AACCGAT: - - 20
42 5 -+TAAACCC:- - - 19 242 24 - TGCCGCA: -+ 18
6 - TAAGCCC- - - 19 25 -+ TGCTGCA: - - 18
57 7 -+ ACTACAC: - 20 250 26 - +CAATAAA: - 17
8 -+ACTTCAC: - - 20 27 -+ -CAACAAA- - 17
70 9 - TAATATT: - - 20 260 28 -+CCAACTA- - 20
10 - “TAACATT: - - 20 29 -+ -CCAGCTA:- -+ 20
79 11 -+ ATATTAT: - - 20 339 30 -+ATATCAG:" - - 20
12 -+ ATACTAT: - - 20 &340 31 - -ATAACAG:- -+ 20
32 -+« ATAATAG: - - 20
96 13 -+ATA -TAT: - - 19
14 -+ ATAATAT: - - 20 386 33 -+ *AGGTC- -CTCGTG- - 20
108 15 - TGCTCGT- - - 20 &395 34 -+ +AG-TC: -CTAGTG: - - 19
16 -+ TGCACGT: - 20
17 -« TGCCCGT: - - 20 r 401 35 -+ GAATTAT: -- 20
36 - -GAACTAT: - - 20
154 18 -+ TAACCCC- - - 20 471 37 - “TAAAGCA: - - 20
19 -+ TAAGCCC- - - 20 38 -+ TAACGCA- - - 20

ZRIEIERTE TR L7ze SRETNIY Oy O mtDNA 2 ¥ b 9 — )V 5 Kiia o DERES TRT, BefbLi4

1) I — DNA L 17 538F THFE D7,

{N=C=N—R}n

RUNIKRI A = FigiER

RIS DNAT Y T2 —

—

l ARy b
E 0000

ARSA RIS A
faEaL

™1

7Ny 7 7 — (100 mM Tris-HCl. pH 7.5. 100 mM
NaCl, 0.1% Triton-X, 3% fFHMET7T V7 I V) XF
E T30 RE L2, TE Ny 77— (10 mM Tris-
HCl, pH7.5, 1mM EDTA) 22X 9V YA L. FHE
FCWREATCRAE L2 R C, RZRTEBD H157250
WO F AERREY % &8 PCREGB 41 (24K
OWH I 2 HaEEnEFhn2ul ¥21]E) %295T
T1~20MBEESE, KERI6UIDONA T F
A= arXyyy— (AFEH IZRETDNAY
4707 VLA LIZHET. AN=79 X%pFT3ICT

RUBINKDA I R

BlIE

DNA <A 717 L A S TAZHEN

2 R RME L 720

NAT)FALE =V a vk, 3TCD02XSSCHT
HN—=TFGA%ITT L, 5OHMDNA~ A 707 LA
B L7 IRIZEf H conjugate (streptavidin &
horse-radish peroxidase) = & /Nv 77— (B
) ldmlz~A4 2707 L AICHE, €iRTI05K
o &7, I T #. conjugate & & F RNy
Ty =TS T O2HY A 70T LA RBEEL.
tetramethylbenzidine % & & & W (HiE4H) 1.4ml
W& ) BRCOFROIE T ITo 720 BSHE, ¥4 7
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DNAD

AR

Ak e

-«
) Sioes

7oA —

=
 — |

U

C I Y

BRERESLLETES Y EEXT U OES

i

NATVGALE—2 a3

® EtFy

_P BREHT U

M2 DNA<A 2707 L4ERDTEN, ML) DNAZHIE L, €4 F1bT T 1 v — % H\ - TBMR % PCRIEIE
THHEIEEYWZ DNA< A 707 LA LTS T A E g X DB LESN & 2R7EETER S5,
TOBRABCHEI LY EAF L ET UV v OBEEGHRETRHE L, BEEEENESETNA T A - ary

TN THRIT B

O7 LA %FERBKRT) VA, BBESETHS, BED
FT7 4 ARAF Yy F=IlE YA 70T LA DB
A a—F IR RAKR, FORMLY TFVOEER
R EANB /A DA

BREER

YOS DNARA 7AOF7 LI HRBNDES SEHO
WRIE, FUAVEIA I PR — M & B FERA
DG A ) T~ — DNADREE(L. B X ABC %
BRIGIZEBNA TN A VY- g 037 F VOB
B, PELRERTH S,
RYANEDA I FHEa— Mid, Sl BHiR
LIZDNAZHREREEGICL D AT 4 K75 ACEET
E.NATNVFTL - g v R2BaFIEOERPEL
TA) I — DNAORKBED S OFLESITE A LW
ELOTEELREIHETH -7 (F— 5 EH),
IS LD, YR E IS < DNA * BElbt

BT EDNUREIC R o T2

F7o. ABCHICL ¥ 7 Vo BREMBIZ. HNA
TYFTAE—Ta vV ORBBBRVRY), TbLDOTH
BYEDSE o1z, 7272, BRNEROSEZIEIEL- 1
DOPCREMEIY., 200WH & LTI CTHEIEL
TEYMOFF L) BRAEOB BB RI R L
(F— 74, Thid. HRORVEROES, 4
VEPNZ I ARES OFREES TS I L &L 2 ki
HEBEYRWI R EWPNA TV A ¥ =2 a2
BT L0EEZOND, ZOZ L, YAy
mtDNA = ¥ b & — VO EIRE R IZIE, BiE
DNA# 22ODWHIZLTNA TYF AL X5 e
REBETH 5D,

YOFSmDNANTOR TOHB K3z, =
Wi 2 OORTHIZaT TN T ¥4 BE2
TF VOB 2 RT . FLEUEFTIZOWT 205 3
FHEOX v 7F v— DNAFEBILINTWBER, #
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FUdv— &R

Fyd<w— %HBE
2 BAERT
o ®
30 9 3
2
57 - W 7
70 W9
”Qw
'iW §tH
79 ?F
9%
i;iifm
108 L

B3 DNAZAZO7LA%EHVAEYOFrOmDNA > b — VS fiEOSRRBERE SR, S8
EFTOFE T mtDNA I > b0 — )VIEE S R b OEEFT R L, FOEEFERIICRTT) I —
DNARS) (k) &8T5, ) ITv—FHRRITR L) ITv—F5 & —HT 5, FLAMATT
BEOBNF ) T —FF2HIIRT. 203 I —FFOHAGHLEIZLONTOI AL THRRESN

o ZOWBE, NTOF A TIHA3 EHES N,

DOHRTRDELBBLTVSE X ¥ 7F v — DNADOKE
5% PCREMNELEEZOND, —H. BEBVE
WhrERdE o BEI NV v 7F v — DNA
WX PCREMNVZFDENE S hnEEZONSL,
D LI KL EEAF IOV TR S FEREV L) I
v—FEFEECTHL, HAEbELZ LI TNT
0% 4 7ERETH, M3 TIEAY ITv—F=1, 3.
6. 7. 9. 11, 13, 15, 18, 20, 22. 24. 26, 28.
30. 33. 35, 3THENFIER SN, SHEFT OB
13 TTGAT-ACATCTAAGCTA L 72 ), ZoNTa s A
S A3 b I Y,
DEICLTHEREN/ZDNATA 72T LA D
WREZHER T 5720, FOI—F Y AEIZ X o TR

Byl &g L2169~ 7V & Bv, DNARA 27 a7
LA X D200 S RUEFT R TOME T & 2 055
Rizo ZOMRRER2ITRT TRNTCOLEPBET
XTBY, POV —F UV AEL-BLIEEERE,
F/o. WEMLNTWA3EHDO N 7T Y 4 74T
WZ2WT, DNARA 707 L4 % HWTHLE %M
T2l ZAHATRTHHB IR, 512, 379 7 izon
TDNAYA 787 LA ZHNYTmDNANY O ¥ A
TOHER LIz ZhH, TRTCY—=F AL —FKL
TR/ (-7 EE),

ProZtdrs, EFkAPEELL->ur
DNA~ A 207 L Aix, SNPs 7% &%/ 2 DNA S
ERAYBEEIMBTELIHETH S,
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SO DNAXTI 77 LA DOFAEER IS
SNDNAYA 707 L AIid, DNAfH» 5T O
A TORETCYBEBMUANTHET 5, T2, BRI
WAL IS, TDOHFEIC L LEITICLE R
PCRIFEICH WA~ VYA 7T -t T) 5 A
Y=g VHd—7 V720 THY., B EENNE
Thb, CNHOZ E LY, SEEASEL/ZDNAYA
sa7 LA, B#, BaX M roEBEILY O
DmtDNANT TS A4 TR BB TE L HFEE W b,
FOND, BITITEBRSEOAR L 5T, AR LRI
BEOHE CEEREIT) Z LWL ko7,
FEBE, 20024E 9 F 2= ¥ 7 e QK ET

#2 Toa¥s mtDNA 2> o — V5EE S5 A

=

MBS L TI8EA L D155 N/ AEHY1000
Btk a2 T mtDNANT T & 4 THB %
A& TRTCOMEONTAY A THHBIC X,
REIY T — 7 ¥ AFEN % AT 2 72200 K 12D T
. DNAYA 277 LARERBELALEZA—FL
TAEREG 2, TOIB2ERIIBTAINTUI AT
D H LAV T HBICL > TNT Oy 705
FVALR D 235 V. FHEFRMEATIC X D Jb#E56°30" £
JE180°00" T HARVEM TH 1. iS00 B
175°00' Tixa o 7 RPEA ThH - 72 (FFaEMRF) -
KL RABTICE Y R—1) RIS, BX O
LS T ORBOSAVHS IR D EBbNS,

0EFT OLZEMIMAE R ERESNINTO Y AT

56°30'N 180°00'

2 [1 [ 1 [ 1 [ 1 [t 1 [1 11111 ]1]1]1
35 | 313 |33 |38 |33 |3 ]| 3|3 |3 |3|4]4]a
565|555 |55 5|55 ,5]5]5]5]5
7717 v a7 77 777 7|7 8]7]7
9 191999 9 919999999 [10]o9
1| 0 |1 [0 |1 |12 o || u | u 0| ]|
13 138 | 13 | 13 | 14 | 13| 13 | 13 | 13 | 18 | 13 | 13 | 13 | 13 | 13 | 13

. 15 | 16 [ 15 | 156 | 15 | 15 | 17 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 16

sy |18 18 [ 18 [ 18 |18 [ 19 [ 19 [ 19 | 19 [ 19 19 |19 | 19 | 18 | 18 | 18

S sn [20 [ 20 [ 21 [ 20 | 20 | 20 |20 | 20 [ 20 | 20 [ 20 [ 20 | 20 | 20 | 20 | 20
22 | 22 | 22 | 23 |22 |22 | 22 | 22 | 22 | 22 | 22 | 22 | 22 | 22 | 22 | 22

24 | 24 | 24 | 24 | 24 [ 24 | 24 | 25 | 24 | 24 | 24 | 24 | 24 | 24 | 24 | 24
26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 27 | 26 | 26 | 26 | 26 | 26 | 26 | 2
28 | 28 | 28 | 28 | 28 | 28 | 28 | 28 | 28 | 29 | 28 | 28 | 28 | 28 | 28 | 28
30 | 30 | 80 | 30 | 30 | 80 | 30 | 30 | 30 | 30 | 80 | 32 | 31 | 30 | 30 | 30
33 | 33 | 33 | 33 | 33 | 34 | 34 | 34 | 34 | 34 | 34 | 34 | 34 | 33 | 33 | 33
85 | 35 | 35 | 35 | 35 | 35 | 35 | 35 | 35 | 35 | 35 | 35 | 36 | 35 | 35 | 35
37 | 37 | 37 | a1 | 37 | a7 | 37 | 37 | 37 | 37 | 38 | 37 | 37 | 37 | 31 | %

MRS a2 | a8 | A5 | A6 | A8 | B7| B8 |B10|B11|B12|B15 | B16|B17| C2 | €3 | C4

A
BAG
oA
§B-2
B3
mB-6
=58
nc-1
nc3
mC5

55°00'N 175°00'E

M4 N—=1 I BT 5 0%y mtDNANT TS £ T D5 200249 Fio_— 1 ¥ 72 BRIl
WURKEFT RIS & DB S s v oy 30fEE (ILaES6°30" BEEE180°00) B & TR6OMEM (ki
55°00' HAZ175°00) @, DNAA 27 27 L 412Xk D HF SN2 mDNAN T g 4 TOFHERT . B
DOBEAFRASEF O mtDNA N T T ¥ 4 TR — 9% 212 U7 MEH#EATIc &y, JLRE56°30' #2EE180°00
TIHHERDE S L. L5500 BHE175°00MCId 0 & 7 RVBESE T 5 Z &0 h 0720
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COEHIZ, SEEARENIZDNAYA 7 1
TULARXZ X o TREY Y FIVEN PR E &2
0. WEFERHEICB AR BEERV. T
PAC L) SR R B A e L 2 ). v
T D AR ORI 2 B IR E L 72 O FARE
HHROBEEDR R EIND I L HFH-> TWh,

SEBFELZDNASA 7 a7 LA, HE
DB - KK - A7 &% B0 IEMEIC R
TELERGRRA N =7 v ELTFEHEE
Z2ZbNb, WERHIERS 2 H UL, BHEY
O TED L) REYIIHIGHITTE S, ¥
O DNAY A 717 L4 (OligoArray ¥ O
W AR Y Y b, HIER) &, HIE
1B FTHTHLD, FEHLAVEH
BE LRI ED TS, Ko X b, BEEH
DEBIZLDDNAT A 707 LA EHWE
BRI IR /20 T L SREERDI %1
UL HKEEYOERERRSLHEEBRIZOE

= #9

vavysroI bary FY7 (mtDNA) DNAZ > to—j
BN TOI A TOEBRIBO 7012, BEHROEERY] £
BlIAFICDNARA 707 LA 2B L. SHOBEIC L
D\ RUANVKY A I FEED— MC X 5B B4+
) < — DNADOEE, BILOPABCEBIGIZ L B 4
TYFTAY¥— a7 FvoBEBEFTERIZRY ., fEsk
DODDNATA 707 LA IZHAEELIEEL R OB KT,
L7z DNARA 27O T VALY —F v ABROKRIZS
NC—F L, YO%7 mtDNA 2 > 2 — VI BT 2 B
MO0EFTDLERY A b EEHONTOY A T4 T
WMT BT ETES, BELZDNATA 707 L AL, &
& DNA @ PCR¥81IE & sk 5 o 7 VIR F C 8B DLA
Wb AL, OO TRH, KIX MrOEBELRY O
7 mtDNAN T2 Y 4 THRIBETH 5. RiEE, L FER
FEZEDAE L 720, M LR 7 CAEOHE TORMAHT
&5, BN aFr RERINETH L EEZ S,

BCTERLDEEZ TV,

X
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Change in the Thermal Tolerance of Silver Crucian Carp at Different Acclimated
Temperatures Evaluated by the Survival of Cells Isolated from Tail Fin

Yoshihiro ARISAWA, Masamichi NAKAJIMA and Nobuhiko TANIGUCHI

Laboratory of Applied Population Genetics, Graduate Sch001 of Agricultural Science, Tohoku University

Abstract
To evaluate the change of thermal tolerance of the three clonal lines of silver crucian carp (KAS1, KAS2 and
KAS3) acclimated to different temperatures, we compared the thermal resistance of individuals and that of cells
isolated from the tail fin. Individuals of three clonal lines acclimated at 19C, 25, and 31C were examined in terms
of their survival. Furthermore, the survival of cells isolated from tail fins of individuals of each clone was examined
at 40C. At acclimation temperatures of 19T and 25T, the thermal tolerance of KAS3 was higher than those of the
other two clones at both individual and cell levels. However, at 31C, the tolerance of KAS1 was higher than that of
the others. The same tendency for clonal lines to differ between individuals and cells was observed regarding thermal
tolerance at each acclimation temperature. These results suggest that cells isolated from the tail fin are a useful

material for evaluation of thermal tolerance in silver crucian carp.

(accepted June 1, 2004)
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BELBEEZRO—OTH Y, AHEICBIT 2HEO5M
FROTWALHHIBRERO—DOTHH L, AEAICBITS
WM P 1 R R A RTY . SRERTY. REEY O
BH e &, Fy €= TSRO RFEE L&
WERPES L TWEI EIRERTWEY, T,
BRI WPUEAS TP E L O & LR R0 a)
FemTIedrd, BROBETIESLTWEEE
bbb, 7y ¥—TCEERIEBT2EEEIPE
HMENTED, FOMHED0183TH 5 Z &5 EMEH
FZROMICEEER DR BTG LT A Z &R
TwaY, BIEERE L CIHMARIE S T2 RE
HEREERESEEZ b LD, BEEROBEL
S &9 & T A5 ICIBEMICH D&
HWWT, B o 7-BET OS5 0PEERT
5,

¥ 7F (Carassius langsdorfii) 13 =Rk CMEMES

JARIBFEZ B 0—- VR ERTAZ EMLENTY
B0, X FFO—EFRr 00— ThDHI LRI
BROY AKX, TAVFAL AOBRKE /Y - BLT
BEREAEEE" %, RAPD-PCRB L U7 A VA LISF —
PEROEEBRICIVIHS L TWS, F¥r7FI
Bsru—ri1EEZT TR, ZHicERL Y
H— Y BEREET A RGN T W B, 2
ST RERELEZONLX Y T FIZHARTHM%
BT, B THEAELZREDEL, FREFNLOHIK
ORBIZHEIS L TEEEZONDL, 2D EID,
EHICERT A F T HGEEWNIC R o 72 REHIG
BHEELTCOAWREIEZ NS, T2 2hb
Dy a— B TR - 2RELMICB 5 BNk
1% FHET X UL, BREAOEISEES O#EEHERIC
DWTHLPICTEBAREMLND 5,

BKERA M OFFM A ES LTiE 1) & HEETOIR

HHESE © T981-8555 AT HFREMIRBRME-1 HILRARERRENZER  PIBILE



124

T35 FCoRE GETRM). 2)»5RETO—E
R EOAETRE, 3) HHIRETORERLEIHIES.
VDD, 3) OF RS HARE TOREN %
HMITE 22 5NL0, EBRIEHOR SCBEE
W%z EBRIAM P — IR EOREES 25, Fikd
LTHEARBEEEZ SN D, 1)R2) DFEIE3) &1
NTHEFETH 272012 7B v - Yo
WMV O TE . —F, BthZ RV
T PR L CRE M o B R 2 v T
BRI MmO A ST\ B, Sakamoto ef al.'? 1
70— v RHEEIC BT A BRI RGO R % ik
HFL R R B O BRI B B EREZ BT
i L. % FCCEME L7234 & RS\ & IR ST
flithe LTHENTHAZ EHR LT L L., kR
HER IR A & e X & 7o & E IR I B 72
DIEE DS E LN T REKE (BEFBRIRTY
TRIREIRE) OB RZTITLEELLND, B
BEMRZ (TR & e L CREDE S TH A K
HZD LS LENRD S,

Z AR TR AL ZKRBICHHR S E/23 70—
YRMDOX T OBRMERRE TV, AEOET
&, BEBERMROBRA L AMBEICB) 54
FREA L, BAEFR STV B RRE MRS
RBEEEBMBO SR D LD BB 25 2 5 h
HLPICTAZERHBE LT

mEEAE

A AR AIX20024F 4 B I KIRIREE o i THEREL
SNTMF T D3 0 — R KASL, KAS2,
KAS3 & W TR7ze #NFhD 7 12— ¥ RZEDEE
HEEMERZE O THE Lz, #NFRo s a— Rk
ODBALWVELN-2 T4 OB FEHAVTATE
BBl hwv, SMUTATE, iR s &
LT L 720 FABAFAIZ60 1 AFEICINE L. KiE25C
TERITHE L. BEBORBEETETI A~
a )y TR FOBIIATER FYri L ¥
Y F3%) BLUWEAREEE LTE 272

KER I mRIIBCHES Atk s BiSEREROSE
Nzt

JKIB25C CTHIE L7227 10— R KAST 0200 H #5
DOUEFHMAEKIE25T, 28T, 31ITOAMBIZINAE L., &
HKIBRANDBNE AT - 720 BIEBIMED H30H %, HtEiM
OB EEER 21T - 720 EERCIERAMIZ10 ¥
10X10ecm DA ¥ 2 8% 3D AN, FRENDOKIL
~NEIBL 73 A R F R0 L7, BBk
I3 —EX% vy P CRERAGTLIL—F—% A
N, TT7A M=V ERAWCHSLER 5T B8

RRELERICE AT a vy ERTLHI-DIZ, FNE
NOBNBOKIED HKIRZ 1EEIZ 5T T o LR S,
BCIEL AR TRTEMoMEREE Lz, L
#38+05C MR L. 300 EICERHEZITV.,
NZENOWEALHITELTT S T TOREEMZAE L.
FEIRMR A OFIE L Uiz RO E CIHEEOE) & 2N E
< MRS LTS L o 2R 2 8T &
HE Lo SO FERRE SHEREY KL,

g A A S B R O BRI SRR & R 2
ZROBIBOKIR L Y SMEEEZEY L, g
L, EEEEECHE L, SFERXTT VA
WC100MH DM E A > b L, EREAEHR L, L
7eiSo THEBREORMIIEERE TOL Y v &/
5001 DML DO EIE D LB EN T 5,

KBRI : BE3KEICHIERS 8 - EF & Efgeatm
xRy 0— R8RS

70— TOREREDOBIGVPIE KR L - T
BALT B &) a7 u— 3% (KASL,
KAS2, KAS3) ofitatfss50MEk% W UKEN CRE
fF L. 60H# % KIEI9C, 25T, 31T Dk~
KL ZDH. 2000 # F THIFL & Stk EER % 1T -
7oo THHESERRICIZER I L RBEELZ BTV, £
NENOBIBUKIES S 1R 5T 370 hg S S35
AIRICE LR A CTHRCRMIIERGE L. DB
REBAKR£05C %ML CTHHAIHTTEETO
R 2 PE L. HelA e EidEE T L
BTH 5, REUKIRITFHERD»S 7 10— REHT
T E CTORMICENN S KRS L, KRIZEFNZE
N19C. 25T, 31T CTHE Lz alcx L ¢, 36+
0.5C., 87x05C., 41T 205CIZEE L 120

fg eI O BRI PR SEER & FEER T & MBI T -
770

78— REEOHR

BAEFE 2T o 72iE M2 HEICHW-ERITICE
WCEBERD 7 a— U RFEEHRT A72012, Big
LM L7257/ ADNAZGEIE L, M7 a7
A M= —H— GFI7°% Fl\VC 27 00— Y REOH B %
Tol2o PCREEMIF8% T 7 ) IVT I FIIVESIKED
WX YA L, BEIERTA O/ — OEN S T —
R AEE L Fig Do

EigEEmEORS L EB R ML X 0E

RmORBED —EE Y Y ELY PBS T L 7>
#%. 0.25% trypsin-PBS-) A o 7c~v A4 2 0 F 2 — 7
IZIX% L. Cool thermo unit (TAITEC CTU-2515) %
FC37.5C TL04 BALE U720 541000 rpm (34
200g) TELL. MUY UERDBE, 10%F4
i & (GIBCO) A U Leibovitz's L15% #, (GIBCO)
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M A 720 &IZ Cool thermo unit % vy, @ilLe &
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Fig. 1. Microsatellite banding patterns in the ﬁngerlin{;s of
three clonal lines of silver crucian carp in the micro-
satellite DNA marker of GF17.
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Fig. 2. The cells isolated from caudal fin of silver crucian
carp by 0.25% trypsin, which were stained by 0.15%
trypan blue after high temperature treatment at
40T. The dead cells were stained to blue (—) and
living sells were not stained.
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Fig. 3. The average time to death in individuals of silver
crucian carp exposed at 38+ 0.5C and survival rate
in the cells isolated from caudal fin after the acclima-
tion at the different temperature for 5 months. “*”
and “**” indicate significant differences compared
to control by Fisher’s PLSD at P<0.05 and P<0.01,
respectively.
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Fig. 4. Comparison among clonal lines in the average
time to death in individuals and survival rate in the
cells isolated from caudal fin at different acclimated
temperature. The tested temperatures were 36.5 %
0.5C, 37.5+0.5T, and 41.0=0.5C after expose to
the acclimated temperatures of 19C, 25C and 31T,
respectively. Significant differences were examined
by Fisher’s PLSD and * indicate significant differ-
ences (P<0.05).
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Abstract

Nucleotide sequences of PCR-cloned fragments of the gene encoding type II DNA topoisomerase (TOP2) were
determined for two Bangiales plant species, Porphyra dentata and P haitanensis. These TOP2 sequences and those
of the other five Bangiales species, P onoi, P tenera, P yezoensis, P suborbiculata, and Bangia sp. retrieved from DNA
databanks were used to reconstruct the phylogeny of these seven species with Arabidopsis thaliana as an outgroup,
using maximum likelihood (ML), most parsimony (MP), and neighbor-joining (NJ) methods. Nucleotide sequences
of small-subunit ribosomal DNA (SSU rDNA) obtained from databanks were used for comparative phylogenetic
analysis. Generally, TOP2 gave a more accurate estimation of genetic distance among the examined species than did
SSU rDNA, suggesting a faster evolution of the former than the latter. The phylogenetic trees of TOP2 using all the
three algorithms always gave a clade of two species, P dentata and P haitanensis, and three species, P onoi, P tenera
and P, yezoensis, respectively, with more than 90% statistical support, as seen in the trees of SSU rDNA. However, the
phylogenetic positions of P suborbiculata and Bangia sp. were inconclusive in both TOP2 and SSU rDNA trees, which
might be related to a large sequence difference between these two and the other five species. TOPZ2 therefore seems
available to resolve phylogenetic relationships among closely related species of Bangiales.

(accepted June 3, 2004)

Introduction

Bangiales plants are conspicuous component
of rocky intertidal habitats in temperate and cold
waters worldwide. Selected species are commer-
cially cultivated in Japan, Korea and China, serving
as one of the most important fisheries resources.
Systematics or phylogenetic studies are important
subjects for genetic resource preservation and
breeding in economically valuable organisms. The

morphological simplicity of Bangiales plants often
makes species identification difficult by morphologi-
cal characters. Thus DNA and protein sequence data
are very useful in the phylogenetic study. However,
recent molecular phylogenetic studies using small-
subunit ribosomal DNA (SSU rDNA), ribosomal
DNA internal transcribed spacer 1 (ITS1), large
subunit of ribulose-1, 5-bisphosphate carboxylase/
oxygenase gene (rbcl), small subunit of ribulose-1,

Corresponding author; Naotsune Saga, Division of Marine Biosciences, Graduate School of Fisheries, Hokkaido University,
Hakodate, Hokkaido 041-8611, Japan; E-mail: nsaga@fish.hokudai.ac.jp
*> Present address; NCIMB Japan, Shimizu, Shizuoka 424-0056, Japan.
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5-bisphosphate carboxylase/oxygenase gene (#bcS),
and 7bcL7beS intergenic spacer (RUBISCO spacer)™
have so far provided ambiguous phylogenetic trees
of Bangiales. SSU rDNA sequence data have been
most frequently utilized in the phylogenetic stud-
5519 " although the level of sequence
divergence in this region is not high to infer reli-
able relationships in Bangiales. Information about
sequences of other regions evolving more rapidly
than SSU rDNA is necessary to have a clearer under-
standing of the phylogeny of Bangiales plants.
Reliable phylogenetic study requires multi-gene

ies of Bangiales

analysis to avoid a bias toward a particular gene
analysis'. For example, 13 genes were employed
to infer relationships between red algae and green

12 .
). However, molecular markers available for

plants
phylogenetic studies in Bangiales are still limited.

DNA gyrase B subunit gene (gyr B) evolved much
faster than rDNAs and provides higher resolution
than the use of 16S rRNA sequences™®. Eucaryotic
type II DNA topoisomerase gene (TOP2), which is
a gene homologous to bacterial DNA gyrase', was
expected as a promising molecular marker for phylo-
genetic analysis in Rhodophyta plants'®. In the pres-
ent study, we selected TOPZ2 as a molecular marker
and examined the adequacy for the phylogenetic
studies of some aqua-industrially valuable species of
Bangiales plants.

Materials and Methods
DNA preparation, PCR, and sequencing

DNA was prepared from the sporophytic thalli
of Porphyra dentata Kjellman and Porphyra haita-
nensis T. J. Chang et Zheng Baofu. They were ob-
tained from the culture collection of the Center for

Advanced Technology, Tokai University. Degenerate
oligonucleotide primers, PT2F-NT (5-CGA RAT
HII IGT NAA YGC NGC NGA-3") and PT2R-NT
(5-GIS WIC CRT CII IRT CYT GRT C-3’), were de-
signed based on two conserved regions of the type
II DNA topoisomerases'®. The degenerate PCR
products were cloned and sequenced as described in

Shimomura et al.’.

Data analysis

TOP2 sequences of P dentata and P haitanensis
were aligned with those of other Bangiales species
including P onoi, P tenera (strain T-8), F yezoensis
(strain TU-1), Bangia sp. (strain OM-1), P suborbicu-
lata, and a green plant Arabidopsis thaliana, as an
outgroup, from DDBJ/EMBL/GenBank (Table 1),
using CLUSTAL W*”. The sequences corresponding
to the above PCR primers at the 5’ and 3’ ends were
excluded from the alignment.

To estimate TOPZ2 evolution rate, genetic dis-
tances calculated with the nucleotide sequence data
of TOP2 were compared with those of SSU rDNA.
HKY85 was used as a model of nucleotide substitu-

tion™

. Phylogenetic trees of seven Bangiales species
were constructed with the sequence data of TOP2
and SSU rDNA using algorithm of maximum likeli-
hood (ML)* with PUZZLE program®, most parsi-
mony (MP) with PAUP program?’, and neighbor-
joining (N))® with PHYLIP program (gaps treated
as missing data)®. Puzzling steps (1,000 replicates)
were completed for likelihood analysis®™. Bootstrap
resamplings (1,000 replicates) were also completed
for NJ and ML analyses, respectively, fo estimate the

robustness of internal branches?.

Table 1. Sequence data sets used in this study

TOP2 SSU rDNA
DDBJ/EMBL/GenBank acc. No. DDBJ/EMBL/GenBank acc. No.
Porphyra dentata™ AB050101 AB013183
Porphyra haitanensis* AB050102 AB015795
Porphyra onoi AB048183 AB015794
Porphyra tenera (strain T-8) AB048184 AB000964
Porphyra yezoensis (strain TU-1) AB034766 D79976
Bangia sp. (strain OM-1) AB034765 D88387
Porphyra suborbiculata AB048182 AB015796
Arabidopsis thaliana 121015 X16077

* Sequenced in the present study.
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Results
TOP2 sequence

TOP2 were successfully amplified from P dentata
and P haitanensis. Because PCR products included
a few additional fragments, putative TOPZ2 fragments
were cloned prior to sequencing. The length of the
cloned TOP2 of P dentata was 1,078 bp and that of
P haitanensis was 1,146 bp, both of which were de-
posited in the DDBJ/EMBL/GenBank with acces-

sion numbers of AB050101 and AB050102, respec-
tively. These sequences well matched to those of
other Bangiales species retrieved from databanks.

Genetic distance

The genetic distances among seven Bangiales
species, including the two species sequenced in the
present study, were calculated with the nucleotide
sequence data of TOP2 and SSU rDNA (Table 2).

Table 2. Genetic distances inferred from TOP2 (below diagonal) and SSU rDNA (above diagonal) using HKY85

method
P, yezo P subo P den P ono P tene P haita Bang A. thali
P, yezoensis 0.04394  0.02664  0.00864 0.00685  0.02841  0.01957  0.17925
P, suborbiculata 0.13849 0.04639  0.04185 0.04391 0.04753  0.04273  0.18766
P, dentata 0.15835  0.18686 0.02805 0.02602 0.01546  0.02605  0.18954
P onoi 0.01058 0.14151 0.16172 0.00864 0.02566  0.02211  0.18335
P, tenera 0.01772  0.14791  0.16753  0.00704 0.0272 0.01956  0.18307
P, haitanensis 0.13788  0.17599  0.08442  0.14411 0.15271 0.03078  0.19465
Bangia sp. 0.15769  0.22688  0.20023 0.16086  0.16969  0.18159 0.18652
A. thaliana 0.66606  0.66398  0.70505  0.65786 0.6666 0.69938  0.66862
- A. thaliana
84 F——— Bangia sp.
P, suborbiculata
P dentata
L00r P P, haitanensis
57 ? yezoensis 0.1
P tenera - A
98 P onoi
A. thaliana
g suborbiculata
angia sp.
ﬂ:l? dentata
P haitanensis
100— L tenera
| B onoi |
E yezoensis B
A. thaliana

63 F———— Bangia sp.
100 P dentata
P, haitanensis

F. suborbiculata
100t P yezoensis

63

0.1 C

Fig. 1. A: Phylogenetic tree of seven Bangiales plants constructed by maximum likelihood method based on the
TOP2. Nodal numbers indicate QP values greater than 50%. Scale bar represents the number of sub-
stitution per site for unit branch length. B: Most parsimonious analysis of the TOP2. Tree length=917.
CI=0.875. RI=0.631. Nodal numbers indicate bootstrap resampling results (% of 1,000 replicates), show-
ing more than 50% support. C: Neighbor-joining tree inferred from the TOP2. Nodal numbers indicate
bootstrap values greater than 50% of 1,000 resampling. Scale bar represents the number of substitution

per site for unit branch length.
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The genetic distances based on TOPZ2 ranged from
0.00704 to 0.22688, while those based on SSU rDNA
ranged from 0.00685 to 0.04753. All of the genetic
distances based on TOP2, except for that between
P onoi and P, tenera, were larger than those based
on SSU rDNA. The relationship between P onoi and
P tenera was suggested to be closest among the ex-
amined Bangiales species.

Phylogenetic analysis

Phylogenetic trees based on TOP2 and SSU rDNA
sequence data were constructed by ML, MP, and N-J
methods. P dentata and P haitanensis always cou-
pled in both TOP2 and SSU rDNA trees (Figs. 1 and
2). B onoi, E tenera and E yezoensis formed a distinct
clade in the trees based on TOP2 sequence data.
SSU rDNA analysis also placed these species in a
clade, although the bootstrap and quartet puzzling

(QP) values were low compared with those of TOP2
trees. The phylogenetic positions of P suborbiculata
and Bangia sp. were inconclusive in the TOP2 trees.
In SSU rDNA frees P suborbiculata was placed at the
base of Bangiales, but the position of Bangia sp. was
inconsistent.

Discussion

The present study suggested that TOP2 evolves
more rapidly than SSU rDNA, and that TOP2
analysis is advantageous to examining relationships
among closely related species. For example, TOP2
analysis estimated the genetic distance between
P onoi and P. yezoensis at approximately 1.2 times
larger than SSU rDNA analysis. Kunimoto et al.'”
reported that the level of SSU rDNA sequence di-
vergence between P tenera and P yezoensis was in-
sufficient to resolve them into two distinct species.

P suborbiculata
94— P onoi
P, yezoensis
63 P tenera
96Bangia Sp.
P, dentata
P haitanensis

50

A. thaliana

0.1 A

A. thaliana
P suborbiculata
Bangia sp.
91 [ P, yezoensis
55 | E onoi
100 g flenem B
[ — F dentata
P, haitanensis
A. thaliana
99 T P, suborbiculata
99 P dentata
P haitanensis
Bangia sp.
53 ; geezoenszs
2 tenera
100 — P onoi 0.1 C

70

Fig. 2. A: Phylogenetic tree of seven Bangiales plants constructed by maximum likelihood method based on
the SSU rDNA. Nodal numbers indicate QP values greater than 50%. Scale bar represents the number
of substitution per site for unit branch length. B: Most Parsimonious analysis of the SSU rDNA. Tree
length=424. CI=0.947. Nodal numbers indicate bootstrap resampling results (% of 1,000 replicates),
showing more than 50% support. C: Neighbor-joining tree inferred from the SSU rDNA. Nodal numbers
indicate bootstrap values greater than 50% of 1,000 resampling. Scale bar represents the number of substi-

tution per site for unit branch length.
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However, TOP2 analysis clearly resolved them. In
addition, P onoi, P tenera and P. yezoensis formed
a monophyletic clade in the TOP2 trees with high
bootstrap and QP supports.

The relationship between P dentata and E haita-
nensis based on TOP2 analysis was consistent with
that based on SSU rDNA analysis. They always
coupled in the TOP2 and SSU rDNA trees with high
statistical support. Interestingly, only they are dioe-
cious among the examined species.

On the other hand, TOPZ2 analysis was unsatisfac-
tory to define the phylogenetic position of Bangia sp.
and P, suborbiculata. The inconsistent TOP2 trees
using ML, MP, and NJ methods are probably due
to statistical errors resulting from a large sequence
difference between these two and the other five spe-
cies, as shown by increased genetic distances (Table

ships between distantly related species of Bangiales.
Since the molecular phylogeny using single gene
is not always sufficient to trace the phylogenetic re-
lationships of organisms, analyses of multiple genes
are necessary to infer a reliable phylogeny. Our re-
sults suggest that TOP2 is useful tool for the phylo-
genetic studies in Bangiales, especially for deducing
relationships among closely related species.
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Genetic Relationship Among the Japanese Pearl Oyster Pinctada fucata martensii
and Other Pearl Oysters

Takashi ATSUMI, Akira KOMARU, and Chihiro OKAMOTO

Faculty of Bioresources, Mie University

Abstract
To estimate the genetic relationship among the Japanese pearl oyster Pinctada fucata martensii (Oki, Uwa-kai) and
pearl oysters Pinctade fucate from China (Beihai), Vietnam (Phu Quoc Island), and Thailand (Pattaya), 5 allozyme
loci (GPI, AAT, SOD, LAP, PT) were analyzed by starch gel electrophoresis and the development of embryos and
larvae were examined in crosses among local populations. The genetic distances between the Japanese and foreign
local populations were higher than that within the Japanese local populations, especially in the geographically most
distant population between Japan (Oki) and Thailand (0.0688). In the diallel crosses between Japanese and Chinese
local populations and those among Japanese, Vietnamese and Thai oysters, the fertilization rate was over 85% and the
zygotes could develop to the veliger larvae in all crosses. These results indicated that reproductive isolation is not
present at the gamete level. Thus the present study suggests that the Japanese and other pearl oyster investigated
in this study may be the same species judging from allozyme data and cross experiments. It is likely that introduced
foreign pearl oysters may hybridize with the Japanese local population and give rise to introgression if they are
cultured within the same area.
(accepted June 14, 2004)
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Fig. 1. Allozyme variations in Japanese and other pearl oysters.
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Table 1. Allele frequencies at the 5 loci in 5 local
populations of pearl oyster

local population

Locus Alleles J(?)plff)’ aﬂj‘ﬂ‘;i;) China Vietnam Thailand

80 48 50 62 49
0.044 0.042 0330 0105 0.286
0.138 0.115 0.000 0.016 0.041
0175 0219 0100 0306 0.245
0.013 0.135 0.000 0.040 0.051
0.624 0468 0570 0372 0.336
0.000 0.021 0.000 0.153 0.031
0.000  0.000 0.000 0.008 0.010
0.006 0.000 0.000 0.000 0.000
P =005 =0.05 =005 =0.05 =0.05

81 59 49 62 49
0.025 0.008 0.051 0.008 0.020
0.858 0.797 0.786 0.726 0.777
0.000 0.000 0.000 0.024 0.010
0.080 0.136 0.153 0194 0.173
0.000 0.008 0.000 0.000 0.010
0.031 0.051 0.010 0.048 0.010
0.006 0.000 0.0600 0.000 0.000

=0.05 =005 =0.05 =005 =0.05

64 54 50 57 42
0.008 0.009 0.030 0018 0.024
0.188 0.157 0.090 0.132 0.071
0.008 0.037 0010 0.079 0.000
0.000 0.000 0.000 0.009 0.000
0.631 0.648 0.740 0622 0.751
0.102 0.028 0.090 0.070 0.071
0.063 0.102 0.040 0.070 0.071
0.000 0.019 0.000 0.000 0.012

>0.05 =005 =0.05 =005 =0.05

64 50 50 58 46
0.000 0.010 0.000 0.009 0.033
0.648 0.770 0.740 0.922 0.924
0352 0.220 0.260 0.069 0.043

>0.05 =005 =0.05 =0.05 =0.05

49 49 45 57 49
0.673 0.745 0.778 0.754 0.704
0.327 0.255 0222 0.246 0.296

=0.05 >0.05 =0.05 >0.05 >0.05

*n : number of individuals examined.
** P the probability of Hardy-Weinberg equilibrium.
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Table 2. Nei’s genetic distance between local populations
of pearl oyster

local Japan Japan
population (Oki) (Uwakai)

Japan(Uwakai)  0.0190

China 0.0323  0.0299

Vietnam 0.0627  0.0221  0.0464
Thailand 0.0688  0.0310  0.0313  0.0158

China Vietnam
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. 0.0190
Japan(Oki) 0.0311
Japan(Uwakai) 0.0425

China
) 0.0158

Vietnam

Thailand

0.01 0.02 0.03 0.04 0.05

Nei’s genetic distance

Fig. 2. Dendrogram (UPGMA) of Nei’s genetic distance among 5 local populations of pearl oyster.

Fig. 3. Developmental stage of the pearl oyster eggs. A: Metaphase of first meiosis. (unfertilized) B: Metaphase of first
meiosis. Arrow indicates male pronucleus. C: Anaphase of first meiosis. D: First polar body formation. Arrowhead
indicates first polar body. E: Metaphase of second meiosis. F: Second polar body formation. Arrowhead indicates
second polar body. Arrow indicates female pronucleus. G: Male pronucleus and Female pronucleus expand.
H: Condensed chromatin of male and female pronucleus. I: Intertwined chromatin of male and female pronucleus.
J: Metaphase of first cleavage. K: Anaphase of first cleavage. L: 2 cells. M: 4 cells. (Scale bar = 50m).
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Table 3. Development of eggs from Vietnamese pearl oyster fertilized by sperms from Japanese pearl oyster

Time after spawning (min)

Stages (%) 0 10 20 30 40 50 60 75
M-I (unfertilized) 89.8 2.9 5.0 0.6 2.7 2.1 23
M-I (fertilized) 574 42,9 2.4 1.1

A-1 21.3 4.2

PB-I formation 74 3.6 04

A-11 44.7 14.5 1.5

PB-II formation 57.8 1.1 1.3

MP, FP expand 4.2 13.2

Chromatin condensed 9.8 8.5 1.5 0.6
Chromatin intertwined 55.7 30.0

Metaphase of first cleavage
Anaphase of first cleavage

2 cells
4 cells
Others 10.2 11.0
Number of eggs 128 136

5.2 27.8 16.5 5.7

0.6 17.5 21.1 4.5

1.1 48.5 68.8

15 8.5

7.5 12.7 12.1 11.7 7.2 9.7

161 166 174 223 194 176

M-I shows metaphase of first meiosis. A-I shows anaphase of first meiosis. PB-I shows first polar body.
A-II shows metaphase of second meiosis. PB-II shows second polar body. MP shows male pronucleus.

FP shows female pronucleus.
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Table 4. The % of veliger larvae obtained cross between

Japan and China
e ¥ Japan China
Japan 77.4 85.0
China 85.9 63.6

% = 100 X number of normal veliger larvae/observed eggs.

Table 5. The % of veliger larvae obtained cross between

local populations
& ¥ Japan Vietnam Thailand
Japan 96.7 98.5 90.6
Vietnam 92.7 91.5 88.8
Thailand 971 94.8 66.4

% = 100 X number of normal veliger larvae/observed eggs.
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