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Summary

Characteristics of Waste Edible Oil Recycle in Aomori Prefecture

Masami IZUMIYA

Faculty of Agriculture and Life Science

(Received for publication October 29, 2010)

The purpose of this paper is to clarify the existing condition of waste edible oil recycles and the problems of
bio-diesel fuel business from the results of the questionnaire survey to the restaurants in Aomori Prefecture.

In this paper, the following points were clarified. Firstly, there are a lot of problems in collecting process of
waste edible oil for the emerging start-up company to the bio-diesel fuel business. Secondarily, there are supply-

demand mismatch in waste edible oil market in the region.

Bull.Fac.Agric.&Life Sci. Hirosaki Univ. No.13: 1-5, 2010
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Identification of parents of ‘Kurenainoyume’,
a new cultivar of red-fleshed apple, by DNA markers.
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‘Kurenainoyume'’ is a new apple cultivar bred at Fujisaki Farm of Hirosaki University. This apple has an attractive
fruit with deeply red skin covering impressive pink-flesh. It was recorded that ‘Kurenainoyume’ was obtained from
the crossing of ‘Jonathan’ X ‘Starking Delicious’, but we indicated that ‘Starking Delicious’ was not a parent of this new
apple cultivar by DNA marker analysis. By analysis of genotypes using 20 SSR markers and some STS makers, we
showed that one parent of ‘Kurenainoyume’ was ‘Jonathan” and another parent was an apple tree cultivated at Fujisaki
Farm of Hirosaki University. This apple have been called ‘Etter’'s Gold". But SSR genotypes of this apple were different
from original ‘Etter’s Gold'.

By PCR-based S-RNase analysis, the S-RNase type of ‘Kurenainoyume' was indicated as S3S7, which was the same
as the genotype of ‘Tsugaru’ and ‘Miki-life’. This result have shown that ‘Kurenainoyume’ has compatibility to many
of apple cultivars in Japan.

Bull.Fac.Agric.&Life Sci. Hirosaki Univ. No.13: 7-13, 2010
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Biochemical Systematics of Salamanders from
Japan and the Korean Peninsula
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(Received for publication May 17, 2010)

Introduction

The salamander species in Japan is abandant and about 20 species have been ascertained. Under such species
diversity, the taxonomic and phylogeneic studies of salamanders have been extentively carried out by many workers
from morphological standpoint. However, during the last about 30 years, the phylogenetic and evolutionary studies
have been revitalizaed by the molecular techniques. Protein electrophoresis, immnological methods, protein sequencing,
and mitochondrial DNA analysis are among the molecular techniques used in evolutionary studies. Such molecular
studies have made it possible for us to estimate the phylogenetic relationships among taxa and evolutionary process
quantitatively and objectively with common parameters such as protein or DNA, and they have been providing much
relevant, and in some cases, critical information about phylogenetic relationships in various animals (Ferguson, 1980;
Hilles and Moritz, 1990). To clarify many unresolved problems about the phylogeny of salamanders, it would be
desirable to introduce the molecular approaches which can provide the more analytic, quantitative and useful data in
the taxonomy and phylogeny of salamanders.

At present, the salamander species in Japan and the Korean Peninsula consist of six species of the two different
genera: they are Hynobius lichenatus (Fig. 1), H.tokyoensis, H.nebulosus, H.leechii, H.kimrae and Onychodactylus
japonicus. Among these six species, H.kimrae and O.japonicus are Japanese endemic species. At present, the
phylogenetic relationships of these salamanders remain unclear. The non-molecular studies such as morphology and
karyology would not provide the useful and valuable information for their phylogenetic relationships. Until now, in
Japan, the molecular phylogenetic studies are very scanty in the field of taxonomy of salamanders. Therefore, we
have attempted to investigate the phylogenetic and evolutionary relationships among six salamander species from
Japan and the Korean Peninsula by allozyme analysis. In this paper, we report on the molecular phylogenetic study
of six salamander species by allozyme analysis.

Materials and Methods

Salamanders

The salamanders examined in this study were six species of the genus Hybobius and Onychodactylus: They are
H.lichenatus (Fig. 1), H.tokyoensis, H.nebulosus, H.leechii, H.kimurae and O.japonicus. The collecting localities of six
species and the number of individuals examined were as follows: H.lichenatus, Hirosaki, Aomori Pref., 59; H. tokyoensis,
Yokosuka, Kanagawa Pref, 31; H.nebulosus, Nara Pref, 48; H.leechii, Korea, 10; H.kimurae, Okutama, Tokyo and
Tukui, Kanagawa Pref,, 11 and O.japanicus, Tsukui, Kanagawa Pref, 32. After collcection, liver and muscle were cut

*1 Corresponding author : Tel. +81-172-39-3590 ; Fax. +81-172-39-3590.
E-mail : matsuoka@cc.hirosaki-u.ac.jp

Bull.Fac.Agric.&Life Sci. Hirosaki Univ. No.13: 15-21, 2010
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off and stored at —70C. Table 1. Genetic variation in populations of six

salamanders

Allozyme analysis
Parameter HIi Ht Hn Hle Hk O

Allozyme analysis was carried out by Matsuoka and
Hatanaka (1991). The following 10 different enzymes
and general protein were analysed: glucose-6-phosphate

No. of enzymes analysed 10 10 10 10 10 10
No. of genetic lociscored 35 35 35 35 35 35

dehydrogenase (G6PD), lactate dehydrogenase (LDH), Proportion of

nothing dehydrogenase (NDH), malic enzyme (ME), polymorphic loci(P)(%) 5.0 10.4 24.1 15.2 11.1 13.8
hexokinase (HK), phosphoglucose isomerase (PGI), Expected average

phosphoglucomutase (PGM), esterase (EST), leucine heterozygosity(H)(%) 15.0 28.0 25.9 17.4 11.1 32.0

amino peptidase (LAP) and general protein.

Result and Discussion Hli=Hynobius licenatus, Ht=Hybibsius tokyoensis,
Hn=Hynobius nebulosus, Hle=Hynobius leechil,
From allozyme analysis of 9 different enzymes Hk=Hynobius kimurae, Oj=Onychodactylus japonicus
and one general protein, 35 genetic loci were detected.

Fifteen loci were polymorphic (G6pd-2, Me-1, Pgi-1,
Pgm-1, Pgm-2, Hk, Ndh-2, Est-1, Est-2, Est-3, Est-4,
Ldh-2, Gp-1, Gp-9 and Gp-11). The remaining 20 loci were monomorphic. In general, the enzymes such as EST
and LAP are highly polymorphic in various animals. These enzymes have broad substrate specificity, and thus
the functional constraints were lower and many neutral mutations accumulate. On the other hand, the enzymes
concerning glucose metabolism were monomorphic. These enzymes have narrow substrate specificity, and thus the
functional constraints were higher and neutral mutations were difficult to produce. Table 1 summarizes the extent of
genetic variation in six salamander species. The proportion of polymorphic loci (P) is in the range of P=5.0-24.1% with
a mean of P=13.3%. The expected average heterozygosity per locus (H) is in the range of H=11.1-32.0% with a mean
of H=21.6%. In the allozyme studies of genetic variation and genetic differentiation, the following question is often
asked: how many loci and how many individuals per locus should be examined to estimate average heterozygosity (H)
and genetic distance (D)? This problem has been studied by Nei and Roychoudhury (1974), Nei (1983) and Gorman and
Renzi (1979). Their general conclusion was that in electrophoretic surveys a large number of locus should be examined
even if the number of individuals per locus is small. Gorman and Renzi (1979) stated that even a few individuals are
sufficient for estimating H and D values if the number of loci examined is large. In practice, the number of loci studied
is often limited because of technical difficulties, and in most electrophoretic studies less than 20-30 loci have been
examined. The number of loci analyzed in this study is suitable to the condition. Nei (1983) and Nei and Graur (1984)
examined the relationship between average heterozygosity and population size for 77 different species. As a result,
they found a significant correlation between them. In general, the marine animal species living in the shallow water
have smaller population size than the deep-sea animals. One of the present author (NM) has previously reported in
the various echinoderm species (echinoids and asteroids) that the species living in the shallow waters show the lower
genetic variation than those in the deep-sea (Matsuoka et al, 1993). The degree of genetic variation in salamanders
examined in this allozyme study is well consistent with the values of review of Thorpe (1982) in many various animal
populations.

To quantify the degree of genetic differentiation among six salamander species, we calculated the genetic identity
(I) and genetic distance (D) between each species by the method of Nei (1972) from the allele frequencies data at 35
genetic loci. Table 2 shows the matrix of I and D values between all pairs of six species. The highest I value (1=0.673)
was found between H.tokyoensis and H.nebulosus of the same genus. This value was comparable to I values between
other closely related species (Thorpe, 1982). The similar I value (I=0.592) was also found between H.tokyoensis and
H.lichenatus. The other I values were comparable to those between confamilial different genera (Thorpe, 1982). The
result shows that the member of the genus Hynobius were genetically differentiated to each other.

To clarify their phylogenetic relationships, the molecular phylogenetic tree of six salamander species was
constructed from Nei's genetic distance matrix of Table 2 by using UPGMA clustering method of Sneath and Sokal
(1973). The molecular phylogenetic tree (Fig. 2) indicated the followings: (1) The six salamander species are divided
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Fig. 1: Hynobius lichenatus from Aomori Pref. in Japan.

H.tokyoensis

H.nebulosus

H.lichenatus

H.leechii

H.kimurae

O.japonicus

1.0 0.5 0

Genetic Distance (D)

Fig. 2: Molecular phylogenetic tree of six salamander species. This tree was constructed from Nei's genetic distance matirix of
Table 2 by using UPGMA clustering method of Sneath and Sokal (1973).
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Table 2. Genetic identities (above diagonal) and genetic distances (below diagonal)
between six salamander species

Species 1 2 3 4 5 6
1. H.lichenatus - 0.592 0.497 0.380 0.399 0.341
2. H.tokyoensis 0.524 - 0.673 0.433 0.367 0.472
3. H.nebulosus 0.699 0.396 - 0.479 0.336 0.403
4. H.leechii 0.968 0.837 0.736 - 0.335 0.301
5. H kimurae 0.919 1.002 1.091 1.094 - 0.397
6. O.japonicus 1.076 0.751 0.909 1.201 0.924 -

Genetic identity (I) and genetic distance (D) were calculated by the method of Nei(1972).

in two large clusters: The first cluster consists of H.tokyoensis, H.nebulosus, H.lichenatus and H.leechii. The second
cluster consists of the Japanese endemic species, H.kimurae and O.japonicus. (2) In the first cluster, T.tokyoensis
and H.nebulosus is most closely related to each other. Hynobius lichenatus is more closely relate to the cluster of
H.tokyoensis and H.nebulosus than to H.leechii. Hybobius leechii is most ditant species in this cluster. (3) The second
cluster consists of H.kimurae and O.japonicus and they are distantly related. The present biochemical systematic
study showed that H.kimurae and O.japonicus is more genetic differentiated from other salamander species. In
particular, H.leechii of the same genus might be the primitive and ancestral species of the genus Hynobius. Further,
the molecular phylogenetic tree also showed that H.kimurae is more closely related to Onychodactylus japonicus than
to members of genus Hynobius. The result suggests that H.kimurae is one of the member of the genus Onychodactylus.
The molecular phylogenetic tree (Fig. 2) shows not only their phylogenetic relationships, but also the sequence to their
evolutionary divergence. From the equation of Nei (1975), their divergence times were calculated. According to them,
the two large clusters diverged at about 5 MY. Hynobius leechii is more genetic differentiated from other Hynobius
species and diverged about 4 MY. Hynobius lichenatus diverged at about 3 MY, and H.tokyoensis and H.nebulosus
diverged at about 2 MY.

Ebitani (1952) reported that H.tokyoensis is morphologically very similar to H.nebulosus. In addition to the
study, H.tokyoensis can successfully hybridize with H.nebulosus (Kawamura, 1953). These non-molecular studies
are well consistent with the present allozyme study. However, the slight difference at C-banding in chromosomes of
H.tokyoensis and H.nebulosus was reported by Ikebe et al. (1982). However, it is often reported that the C-bandings
in chromosomes would not reflect the phylogeny (Nishioka, personal communication). It is much interesting that
H.leechii of the different geographical distribution is more genetic differentiated than other Hynobius species. The
result is also well consistent with the present allozyme study. Onychodactylus japonicus is very different from the
genus Hynobius in morphology, ecology, chromosomes and the present biochemical systematic study. Therefore, it
is reasonable that Onychodactylus and Hybobius should be included taxonomically into two different genera. The
present allozyme study suggests that H.kimurae is included in different genus (Onychodactylus) in the taxonomy of
salamanders by high genetic differentiation from other Hynobius species.

Rececntly, mtDNA analysis has often been used in the molecular phylogeny. In general, it is considered that
protein electrophoresis is not more sensitive than mtDND analysis. However, in comparison between allozyme and
mtDNA analysis, Nei (1987) suggested that the resolving power of the latter is not necessarily higher than that of
former. According to the estimation of Nei (1987), enzyme electrophoresis is expected to survey about 100 nucleotides
per locus. If we examined 30 enzyme genetic loci by electrophoresis, it is equivalent to studying 3000 base pairs at
mtDNA level. Therefore, the resolving power of allozyme analysis is not lower than mtDNA analysis. For example,
Nei and Roychoudhury (1993) succeeded in the elucidation of genetic relationships of human populations by allozyme
study, and the result was well consistent with mtDNA study by Cann et al. (1987). Furthermore, Murphy et al.
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(1996) claimed that in phylogenetic studies many molecular characters should be used and that the enzyme loci are
important molecular characters. The number of molecular characters adopted in protein electrophoresis is more
enough than that of mtDNA study. Protein electrophoresis is one of useful techniques for estimating the phylogenetic
relationships.

The present allozyme study is well consist with the other non-molecular studies. In futurte, the present allozyme
study would provide useful and valuable information for the phylogeny and evolution of Japanese salamanders.

Abstract

The phylogenetic relationship was studies in the six salamander species (Hynobius lichenatus, H.tokyoensis,
H.nebulosus, H.leechii, H.kimurae and Onychodactylus japonicus) by allozyme analysis of 9 different enzymes and
one general protein. From the allele frequency data in 35 genetic loci detected in 10 proteins, it was calculated
that average heterozygosities (H) are in the range of H=11.1-32.0% with a mean of H=21.6%. The H values were
comparable to those of many other animals. The Nei's genetic distances (mean D=0.805) between five species of the
genus Hynobius ranged from D=0.396 to D=1.094. On the other hand, the genetic distances between Hybobius species
and Onychodactylus species were large and comparable to those observed between confamilial different genera. The
molecular phylogenetic tree for six salamander species which was constructed from Nei's genetic distances indicated
the followings: (1) The six salamander species of the genus Hynobius and the genus Onychodactylus are divided into
two large clusters: one cluster consists of H.tokyoensis, H.nebulosus, H.lichenatus and H.leechii, and the other consists
of H.kimurae and O.japonicus. In the first cluster, H.tokvoensis and H.nebulosus are the most closely related to each
other. Hynobius lichenatus is more closely related to the cluster than H.leechii. In the first cluster, H.leechi is most
distant species. Although the second cluster consists of two species, H.kimurae and O.japonicus, they are distantly
related. The molecular phylogenetic tree also suggests that H.kimurae is included into the genus Onychodactylus.
These molecular data were discussed through the comparison with other non-molecular studies.
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(20104F 5 H17H % AF)

Yriavt 6 MORKEREGREY S VX BRIKEIEICL AT OV A A5 DRE L2, 50T L7z 6 L,
Hynobius tokyoensis (b 7% a ¥ avwd), Hunebulosus (1 A3 avd), Hlichenatus (775273
Yawwk), Hleechii (FavvryHrawyd), Hieimurae (& %2 aw X)), Onychodactylus japonicus
(NaxFrvavyt) Thhb, 1083 L general protein ® 7 T A LA5HIZ L Y, 35EEFEIME E N7z 35
RFEEIC BT BB FHED? S 6 MOEMHNOBREMWEREHE L7z, CORE. F~TuBahE (H) 1.
H=11.1-32.0% O#FHIZH V) FIfliE H=216% TH > 720 TNODOEEIIMOEL  OAEYFETOMHE FEDL D TH -
720 Hynobius & 5 TR DO Nei (1972) OE(=iEEE (D) &, D=0.396-1.0940 & T, FI9HEILD=0827TH »72c —H.
Hybobius 5 T & Onychodactylus )& OBZIEEHIR X < MEBIBHE COEMLHEE L FELHETH - 720 Nei (1972)
OBEEEHED S UPGMAEIC L DIER L2 > 2 a o+ 6 OGTF 2B 26 LFOFEIHH L 720 Hynobius &
& Onychodactylus | BD 6 FEIL 2 DD KE % 7 T A Y —\24hiz. 1 2ld. H.tokyoensis. H.nebulosus. H.lichenatus.
Hleechiin 57527 5 A% —Tdh V., Mk, Hkimurae & Ojaponicus S 7527 5 AY —Tholze DT T A Y —
T. H.tokyoensis & H.nebulosus 7t b iTixBIRIZH V. RIS, D7 T R F — iR X H lichenatus T, H.leechii
D EVERICH -T2 —FH2FRDOYZ I X% —Tid, HRBEEFED H. kimurae & O.japonicus 51 DD 7 5 A5 —
ZIEEL L7208, BIERICIE AR 0 b L Tz,
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AT 5 € I -

TELRTR S B A R A W R T AL R
PRI LIRS TR AR LR

(20104F 9 H29H 52 1%)
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HAFEIZELT 27 H - S riHAHRIE, 2
VoA E - TR - RN B L ORIERE Y
MR E DA 2 7 2 (Ayu) O 4 538ERE» SRR S LT
W,

T 12 HAEC, HARDOEM IRz iz
35S % 7 L (Plecoglossus altivelis altivelis) (Fig. 1) & .
TGS DOMMAR L BERBIELRT L) v Fay
7 2. (Plecoglossus altivelis ryukyuensis) @ 2 HFEHSH]
LNTWA, BE, 20U 2y ¥ 2y 7 idHiEaE
T, MRS TII—RE2ITHIRL 7255, 20k, B
FEESNBUEICE > T b, 713N 7 i H AL 7
) eI OW G % miEd 2 EHA s L ToREE
o, 272 3EFNTH S 1ETHER - I LIET
TEHERTHD, —H. WHE - BENEO T L1E, %
KBOARTHITHER Y A T THbH, ZOEEMEDT
2 oW B AT S T 2k OB EORE X, T
Oy A A H I &) A ¥t/ (Nishida and
Takahashi, 1978; Taniguchi et al, 1983; Nishida, 1985;
Seki et al, 1988), DR, b 2 EFITHIED 5
WIEFIHERREEE O, 227% ) K& BRI LE &I T
5T EHHIAL 72,

MEHOGEERRTIE, 7TLREHEOF 2D L) %
BONTLIENPLTIATE - Fh - Fay otk
rEUFay) A RHIGEINTE L, LA LA
JERER X OCHERBZINITED 5 7 L % RFL - F A0 AT
DFFHEEZT 1% 1 OATT AR - TLEET S
DR BDHEIE LT A (Chapman, 1941; Klyukanav,
1975; Nelson, 1994) .
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Fig. 1. The Japanese endemic species Ayu (Plecoglossus
altivelis altivelis).

27 A RHIALHHE T T ¥ 7 KEEO AT O A5 A
LCBYHEHREEICEY TSI EDY S5 9 F (Salan-
gichthys microdon) HEE L TWwWb, 2, FHRED/N
JEENZR S BER . ¥ T TSRS oA
BT, bW AR & i L TRERICEEI DR L
BT, HEOFUIERIKMOGUNOBIFE L v, F
ToHALE I ZEMRIRTH D . BEEROBIIFEL v, &
R EHERDILBILDEE VK £ OB
HEHFLTW5,

Fav )y rEHE, BEOXF 27D L) LFNIT
LIS Fxay ) AR EIFHREIN TV L G5HETH
%o ZORHIACFIRD K - 5K AT IR < S Ly
AETE SRR F 723 EKIS S F A S L 1] &K
WAENET LT TEMEICEATYS, TNHDNHE
BETENT A AR EVTO, RIS HEEENS L,
AARTIIEERKERRTH b FHIE, 7 FIE
HAKMOWME TEAICEBINTBY) ., EHMAEIE
#) O RME L TLLHBN TS,

PIrRHELE L OMP LR, R=HF - ZVY R - ¥
RAATF - A M REORRB X OKBAKEND R
AREGDERCTEMNAL LTEELKERETH S,
BICHURRLEIEA VY (Hucho perryi) T, HAE
KOFKATEEIIM2SKEVH DO TIXL5MITET
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5o ik LimAkD D OTIE, 1937 ICHBHIIT, BLZ
21m DA b HE SN, BAE. A N 7 IdEaE
T, BT 20 ALHEDFHNIOATH %,

PR L7z X902, ek, Y EH ORTT LIE RS
AW F 2o ) oA G THILEINTE, L
L. 7 2ORGAE LA E AT IO TIEIFgE S
TREPEZ>TnE, 2% D), 7T2% 1O K THIL
L 727 2F} (Plecoglossidae) & 357, HHW\EF 2w
Vo ARO1fEET L0, BIIETHH—RBIHELNT
W,

ZEHOHILEL 7O A A5 L5 F 2 ) 7 AR
DRI (R - LB, 2003). BL U7 0
WA L5HE I bT YR 7 DNAFITIC L . 7L
W r & (genus Oncorhyncus) O 5 T 5% & 5 09 W 5t
(Kitano et al,, 1997) 122\ TH#H L7z,

RIFFETIE. RIZRFEBRIAHACTRERAL ., AR
WA T A FHEO 4 5 HEETHL X7 7k
BB 7R 7T 2o RMERERER. T
DAL EIZOWT, 7O A LA5HI2LD
AL 7-DT, ENHDFERIZOVTHRIET 5,

¥ EFE

AR CHAE L - BT, F2a ) 7RO
7 714 F (Hypomesus trarspacificus nipponensis) > 3 %
E (Spirinchus lanceolatus) .71 5 7 b33 ¥ F (Mollotus
villosus). ¥ 279 7+ (Osmerus eperlanusmordax)
I FRO T T F (Salangichtyus microdon) . 7r
Btox < 2 (Onchorhynchus masou masou). 7 1 (Ple-
coglossus altivelis altivelis) D TFETH b, THOFRSE
& TR R IR ICEE T, 7 A CNIE 1218
%), v E duilgdE - RIN2MEE), 797 b2 ox
T (GLRTTTIRAR10ME) . ¥ =) 4+ (GARTTT IR 7 18
). 7 (BEEFEMIESR) . T4 UM
12M80K) . v~ 2 (WAREL0fEG) TH L. R4 L 7%
12 —45C THHIRIE L TB W2 F V87 BRIKENEIC
L7 aFA LA, R - JEEP (2003) & [FERRD ST
HTITo 720 43T L 72 WK L. a-glycerophosphate de-
hydrogenase (a-GPDH). malic enzyme (ME). isocitrate
dehydrogenase (ICDH). glucose-6-phosphate dehydro-
genase (G6PD). octanol dehydrogenase (ODH).
nothing dehydrogenase (NDH). formaldehyde de-
hydrogenase (FDH). peroxidase (PO). superoxide dis-
mutase (SOD). aspartate aminotransferase (AAT),.
phosphoglucomutase (PGM). esterase (EST). alkalin
phosphatase (ALK). leucine aminopeptidase (LAP).
fumarase (FUM) O &FI15BETH - 72

il - b

g

BREEE

(1) U EBARTROEHICH T HETCHESE

ISBEZDO T O A L5 L D 2655 (5T DR &
N7zo 268 E T BT B VMZTFHELY ., 7THO
FEHIZBIT 2 BIENEROBEXEH L7 (Table 1),
SR BETEOEE (P) &, THYFTP=42% &k
LI, BT T MUY ¥ ETP=25.0% &) b SV EE
R L7z, P~ TufEsEfkE (H) & ¥ 7994 T
H=05% & b1, #9597 ¥ ¥ v ETH=104% & &
WEE R R L 72o HOMIRTEEM 5 #a 5 L 724G
FRE2(E1320.001 — 00390 T, HHFE1Z0.003 —0.028 D H
L, THTIRIZESEOEL R L 72

7 LEMOBIRERNIE T 0781, % s &
T\ %, Nishida and Takahashi (1978) &, HA%H#
OT7 L9EFIZONTT O A LAGH ZATo 7o 4ER, W
B & AT, & BICHOMEIZE L <KL,
SFEHH=06% &\ ) $ifili % 5 L 72o — 7. Taniguchi
et al. (1983) ix. WfAIIAIE 6 R ], PEdH 2 E£EIB LU
G 2 EHICDOWT T O A DG EAT - 72kER, The
. H=44%. 3.6%. 65% DPMEZHE L7720 T O
RO, TIOBRMBWERORE I IMoME L B L
TIRNETIE W DI L7z, H TXE& gk
EADOF A - WK MEELRA LD . 227 DR
fiE%RL72ZETHo72 F72. Nishida (1985) (. ™
R[] 4 [ 35 & OV 4R [T L2 D\ C28MAE T & W T
T YA NG EAT o 72k By T [E] 4R F TR
H=3.7%. Pe3} 4 CTli3H=4.0% & . Taniguchi et al.(1983)
DOFFEREFBERMELRE L T b, 3512, Seki et
al. (1988) (&, HAOW M@ 5 F£H, FEH 3EHMB X
OEE 4 E£FHIZOWT, 23\BIZFHEEZHWTTEH A A
T EAT o 72k, #nEh, H=39-6.1%. 45-6.1%.
27-39% & WO EEHE L7z 2O DOWNERE L.
AWFgE RO N, BEMEDO 7T 2EFDOH=36% & [
EDLDTHole TOLHIT, TLEM, FFICHEHE

Table 1. Genetic variation in populations of seven

species of the suborder Salmonoidea

Parameter Ht SI Mv Oe Pa Sm Om
P 4.2 143 25.0 143 95 6.7 20.0
H 09 50 104 76 36 05 84
P=proportion of polymorphic loci(%), H=average
heterozygosity(%), Ht=Hypomesus trarspecificus

nipponensis, SI=Spirinchus lanceolatus, Mv=Mallotus

villosus, Oe=0smerus eperlanus mordax,

Pa=Plecoglossus altivelis altivelis, Sm=Salangichthys

microdon, Om=0Onchrynchus masou masou.
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Table 2. Genetic identities (above diagonal) and genetic distances (below diagonal)
between seven species of the suborder Salmonoidea

Species 1 2 3 5 6 7

1. Ht 0.488 0.677 0.448 0.267 0.456 0.321

2. 81 0.717 - 0.622 0.456 0.341 0.308 0.224

3. Mv 0.391 0.475 - 0.542 0.438 0.390 0.238

4. Oe 0.804 0.785 0.613 - 0.443 0.353 0.259

5. Pa 1.319 1.077 0.826 0.814 - 0.632 0.211

6. Sm 0.785 1.178 0.942 1.041 0.459 - 0.322

7. Om 1.136 1.496 1.437 1.351 1.556 1.133 -
Ht=Hypomesus trarspacificus nipponensis, SI=Sprinchus lanceolatus, Mv=Mallotus

villosus, Oe=Osmerus eperlanus mordax, Pa=Plecoglossus altivelis altivelis, Sm=Salangichthys

microdon,

Om=0Onchorhynchus masou masou.

HOBRME R . BIZSEREDGZE L <D LT
WAL ERERIE, BRGSO LMINIERT AT 20
EHIY A 05, BEBEK (BIE) - TEBEK - EiGBEK
70 B X AEOKEHRIC L) SIS LT 57
DTHDEWREINL, LTI, FERAED TV —F )
RT T INAL DAL RELFEKRE 2> T,
THYEFE YT FIIBNT, HIZ B E A
BNTze TO2IVTN L EFEREO KR FEMIALE T
HANEM CRESNTZD DTH 5o /ANIE LA
TH BN, 5 HAIS0004E R MEAD S I 2L L 72 iR
WMTHY . F3000FEF R BEDO M R IEHLIC L DL
OBBEIGER SN EEZENTWS (HE. 1978),
Zo7zo. ZORMNNMIERZERT 2 M85, €
HHIE (bottle neck effect) D FEEEIC & V) BIAHE R F
(founder effect) 252 Z O EF DOBIRIIEREIMEL 7o
e EIND, TOHE, S DINEMICAERT 5
OARBEEY & &7 L ) FEM R REIVLETH S,

(2) 7TREDETRMDE

Table 21243, AEL V7 HE 7HICHET 511E
BT B B B R FHE D S8 L 72 Nei (1972)
OBEEUE (D L#zESE (D) 2RLTHh b, #
EREPEIZT AP F—H 57 b ¥ ¥ ETI=0677L
FhHEm, 72—V ATI=0211 ¢ ROV EZ IR L
2o BIBIE O EIZHEHIIT2—H S 7P VY ED
D=08262>5. 72— A% ¥ DD=1319F TOHKME %
R L. FHEIZD=0968TH > 7z, R (1985) 1%, %
HOMBOBCHHL T L. 20OH T, 7 iHODM
FHRVEM TI1ED=088. F 7-5IFH TIZD=159F2 & CTH
B EIE Lo ARWFZE TRz, 7 L IR o i n H
DOFIfEIZD=0968Td 1) . SllO#EHRIE, HEZE (1985)
OEL I L—HLTWTBY, RRTEFMIIT L%
AL 3 2 IREAI A R ED CBLE H§ %,

(3) B rEB O FRikk

Fig. 212k, 7 HHO 7HICHET 211 # T HEr
FWT, ZN5 OBIETIEIZBIT 50 s FHEED» S
B L7z Nei (1972) o#ZH#E (D) 25 UPGMA 2
SOER L7278 H 7THOS T 28R L TH S,
CORFREBICL DL, FTHTE - HTEOY < 2
PR L. 20k, TR EY T AEN LR D
7 FAY—=DFIEL ., ®ARICF ) RO 45 (T
HYEXF - AFGT I VY E - TIYE - FaTYTF)
MOERDBTTAY—=DGFIHELTnD, TOLHIZTaY
A LG L DB L 7250 TR Cld, 7 2idF 2
Vo ARHNCIEE TN, Fa ) TR TR
Bph, ML U728 Family) 28 L. =)ot
BFED T T A RHIEZETH S Z LA L 72,
FaIDE., ¥ RO (AT
VIUNE-HNTFTTINYUNE - Fav)ut) OREE
BERE 7O A AGMTIC L VIAE LA GRR - LB,
2003)c FOFEFRE, THYEFEF IO L EHEBRICDH
D, ZO7FTAY—IhEREIEIN T 7PN ETH
D RICINSICEFLEIIS Y ET, ¥ vd
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Fig. 2: Molecular phylogenetic tree of seven species of four families of the suborder Salmonoidea. It was constructed from Nei's

genetic distances by UPGMA clustering method.
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Abstract

The phylogenetic relationships among seven species of four families of the suborder Salmonoidea were investigated
by allozyme analysis. The seven species examined here were the followings: Hypomesus trarspacificus nipponensis,
Sprinchus lanceolatus, Mallotus villosus, Osmerus eperlanus mordax of the family Osmeridae; Salangichthys microdon
of the family Salangidae; Onchorhynchus masou masou of the family Salmonidae and Plecoglossus altivelis altivelis
(Ayu). From allozyme analysis of 15 different enzymes, total 26 enzyme genetic loci were detected. Based on allele
frequencies data at 11 common genetic loci, the genetic distances (D) between seven species were calculated by the
method of Nei (1972), and the molecular phylogenetic tree for seven species of four taxonomic groups was constructed
from the UPGMA clustering method. The molecular phylogenetic tree indicated that seven species of the suborder
Salmonoidea were divided into three large clusters: (1) The first cluster is the family Salmonidae; (2) The second cluster
consists of the family Plecoglossidae (Ayu) and the family Salangidae. (3) The third cluster is the family Osmeridae.
Among these three clusters, the family Salmonidae diverged at first time and it may be ancestor type, the cluster of
Plecoglossidae (Ayu) and Salangidae diverged at next time, and lastly the family Osmeridae diverged at recent time.
The molecular phylogenetic tree indicated that Ayu (Plecoglossus altivelis altivelis) is not included into the family
Osmeridae, and that Ayu (Plecoglossus altivelis altivelis) composes the family Plecoglocidae. The present molecular
results would provide useful information for elucidation of phylogeny and evolution of the suborder Salmonoidea.

Bull.Fac.Agric.&Life Sci. Hirosaki Univ. No.13: 23-28, 2010
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Fig. 1 Locality Map of the survey of echinoderm fauna in
Aomori Prefecture.

TLHEIINT, Fig SIIBEEIY O LR 24K TH
% 5 AR O S OWN 2 Bix . M5 20JEK (HIkiR
BEALIC & B HEKIRD EAB X OB L) 12X,
HBABICHEE L TWA A bYFe N FHEESAYRITo
TAERTH D LB EIND, Fig 413, BIET DERE
BOFBREL-ABOA P~F e b FThLEHESN
%o F 7oBLRI RSB R R B 5 AT B O |2 TR
LB A4 b~F* e +7 (Fig. 2) ZiKTHE L L
A, Fzolz 1l HTLHE» S W TH 2HPIE O ) % it
HL, BELTERZH -7, 260G, HEKE
B2t (20104ED%5E) 12 X AMEDHEKIED EFH &, L
TOERIZL BHELERICL LD EHEEIND, T4
bbb, (1) 2010FEICBIFLHEHTIT7TDOA 2 FATTT
DORMBIZL2EW.QEET I TOTANEL DY —
Vil kiLfEss, (3) HEUINE O KIE. EHhEEmic
LB IDERBREORK A U 5 TWHoBK, (4) &GiE
BT BEPZEWNICL 2EBRED THROBK, &
XD, TS DFENE DS < DI IE, Ko 14,
F. W EAS ARKB. NTEY. W7 E25INCAD .,
A v PPN L iILA T, F72, HEL BEON



30 B

M HI3H L L OB L RNLA D ZOHR,
A4 2 F—FRFHICELZ L. MEFIETHKL. HAE
DOIMNOVEM %2 B X THARMICAD . KINB LU, FH
WL H RN, RS, 2 L kg o P % 48 TRER
DV ES B R EBEGT O FilEii) (2R O MG 4
AT HHREEARMEN RS X ORERE A BT 5
FEMCRE R T A -V RG22 HESIND, F72,
KFET, oL b REGMILTH B RN D EEN A
CTBY, ALEOHETIE, SF TR R, 72
MHICE CERT DA P TRV TT T2 h k)
4% <{ ®.51 5 (Kubota, personal communication, 2010) o

Fig. 2: Asterina pectinifera from Fukaura Marine Station at Fukaura in Aomori Prefecture.
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Fig. 3: The four-sided (four arms) type Asterina pectinifera from Kitakanegasawa Bay at Fukaura in Aomori Prefecture.

Fig. 4: The four-sided (for arms) type Asterina pectinifera from Aka-ishi Bay at Ajigasawa in Aomori Prefecture.
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Abstract

The author surveyed echinoderm fauna in Japan Sea and Mutsu Bay of Aomori Prefecture at June and July
of 2010. In result, the following species were found: (1) Asterina pectinifera, (2) Astropecten scoparis, (3) Astropecten
polyvacanhus, and (4) Hemicenrotus pulcherrimus. The above 1, 2 and 3 are asteroids and 4 is echinoid. The common
echinoid, Strongylocentrotus nudus, was not found, but the echinoid is commonly found in Tottori Pref, Shimane Pref.
and Yamaguchi Pref. The author obtained the four-sided (four arms) type Asterina pectinifera at Kitakanegasawa Bay
in Fukaura and at Aka-ishi Bay in Ajigasawa. I suggested that the species (Fig. 3) cut the two arms of five arms and
the species (Fig. 4) is mutation. Further, Asterina pectinifera (Fig. 2) collected at Fukaura Marine Station died in only
one day in sea-water. The results show that it is caused by the upwardness of marine temperature and the extensive
marine pollution in Japan Sea and Mutsu Bay of Aomori Prefecture.

Bull.Fac.Agric.&Life Sci. Hirosaki Univ. No.13: 29-32, 2010
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INTRODUCTION

The present author has been studying the biochemical systematics of echinoids and asteroids of echinoderms
by using some biochemical methods such as allozyme analysis, immunological assay, enzyme kinetic study, and
comparison of amino acid composition (Matsuoka, 1980, 1986, 1987, 1992; Matsuoka et al., 1983; Matsuoka and Suzuki,
1989; Matsuoka and Hatanaka, 1991, etc.). Echinoderms are representative of sea-shore animals. Echinoderms consist
of five classes: sea-lily, sea-cucumber, starfish, sea-urchin and brittle-star (Fig. 1). The author reported the phylogeny
of four classes of echinoderms by the enzyme kinetic study of glucose-6-phospahte dehydrogenase (G6PD) (Matsuoka,
1992). Of these five echinodermes, echinoids have been widely used in various biological fields: developmental
biology, biochemistry, physiology and ecology. These five classes are distinct groups in morphological viewpoint.
The pentamery is the common body system in echinoderms. From some viewpoint, it has been considered that
echinoderms are evolutionary close related to vertebrates. In this nimi-review, I review about the molecular and non-
molecular evidence of evolutionary close relationship between echinoderms and vertebrates.

DISCUSSION

The present author has been studying the molecular phylogeny of echinoids and asteroids of echinoderms (Matsuoka,
1980; Matsuoka and Suzuki, 1989; Matsuoka and Hatanaka,1991, etc.). In parallel with biochemical systematics, I have
also been studying the population genetics of echinoderms by allozyme analysis. Echinoderms consist of five classes:
echinoids, asteroids, holosuloids, ophiuroids and crinoids. In this review, I report the molecular and non-molecular
evidence of the evolutionary close relationship between echinoderms and vertebrates. The evidence of evolutionary
close relationship between echinoderms and vertebrates is the followings: (1) They have the skeleton system. The
echinoids consist of coronal plate, the arms of asteroids consist of ambulacral plate, and our vertebarates consitst of
skeleton systems. (2) From the view point of developmental biology, they are similar to each other. They belong
to Deuterostomea. (3) The morphology of larva in echinoderms and vertebrates is similar to each other: The larva
is symmetry and it has gill, and it also has three coelomes. (4) In the comparative biochemical studies of glucose-6-
phosphate dehydrogenase (G6PD), we discovered that there exist two isozymes of G6PD in animal kingdom: one is
glucose-6-phosphate dehydrogense (G6PD) and the other hexose-6-phosphate dehydrogense (H6PD) (Matsuoka et al,
1977: Matsuoka and Hori, 1980). We investigated the distribution of the two isozymes (G6PD and H6PD) in animal
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Fax. +81-172-39-3590
E-mail : matsuoka@cc.hirosaki-u.acjp
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Table 1. Comparison between G6PD and H6PD

Parameter G6PD H6PD

substrates G6P G6P,Gal6P,dG6P,Glucose
specificity

co-enzyme NAPD NADP, NAD

specificity

molecular weight 100,000 200,000

reaction to protease inactive active

distribution in cell  cytosol microsome

chromosome X-chromosome autosome

distribution in all animals echinoderms, vertebrates
animals

These data are quoted from Matsuoka and Hori (1980).

kingdom. As a result, we found that echinoderms and vertebrates have the two G6PD isozymes (G6PD and H6PD)
(Matsuoka and Hori, 1980). The other invertebrates except echinoderms have G6PD, but they have not H6PD. The
two isozymes are different to each other in some parameters (Table 1). G6PD has narrow substrate specificity (the
substrate is G6PD and the co-enzyme NAPD), but H6PD has broad substrate specificity: it can catalyze glucose-6-
phosphate (G6P), galactose-6-phosphate (Gal6P), deoxyglucose-6-phosphate (dG6P) and glucose. Further, H6PD also use
two co-enzymes (NADP and NAD). The two isozymes (G6PD and H6PD) have molecular weight of 100,000 and 200,000,
respectively. The chromosomes holding genes coding the two G6PD isozymes are different to each other: the gene
of G6PD is on X-chromosome, but that of HG6PD on autosome. The two G6PD isozymes are homologous enzymes that
derived from common ancestor. I indicated that the two G6PD isozymes (G6PD and H6PD) are very similar to each
other in the amino acid compositions (Matsuoka et al.,, 1983) (Fig. 2). This similarity of amino acid composition shows
that G6PD and H6PD are homologous enzymes that derived from common ancestor. (5) Previously, we studied the
protease of the starfish, Asterias amurensis. In the study, we found that the starfish protease is trypsin-like enzyme
that homologous to vertebrate trypsin (Hori et al.,, 1977). Figure 3 shows the active band pattern of starfish protease in
polyacrylamide gel electrophoresis. The starfish protease exists as inactive form in zymogen granules of pyloric caeca,
and it is activated by starfish protease as well as vertebrate trypsin. (6) The echinoids have thyroid hormone (Chino et
al, 1994; Saito et al,, 1998). The echinoids use the thyroid hormone in metamorphosis from larva to adult. The hormone
is homologous to thyroid hormone of vertebrates thyroxine. (7) In more recently, Kishimura (unpublished data) found
that the asteroids have the insulin-like hormone that reduce the blood glucose. (8) The molecular phylogenetic study
on DNA level indicated that echinoderms are closely related to vertebrates (Winnepenninckx et al., 1995)(Fig. 4). The
molecular marker used in the study is 18S ribosomal RNA. (9) Miyata (1994) demonstrated that echinoderms are
closely related to vertebrates by using multi-protein sequence analysis (Fig. 5). (10) In more recent years, Davidson
(2006) reported that the genome of echinoid (Strongylocentrotus purpuratus) is very similar to the genome of human at
DNA level. From these many evidence, I would like to propose that echinoderms are very important animal group in

evolutionary and phylogentic position in animal kingdom.
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Fig. 1: Echinoderms consist of five classes: 1=sea-liliy, 2=sea-cucumber, 3=starfish, 4=sea-urchin, and 5=brittle-star.

0—o0G6PD (B) Rat o—0GEPD

. Ho%. o>--® HGPD
(A) Crucian camp how o---eHBPD !

Fig. 2. The evidence of the similarity of amino acid sequences of G6PD and H6PD. Comparison of amino acid compositions
between G6PD and H6PD in crucian carp (A) and rat (B) is very similar. The figure was quoted from Matsuoka et al
(1983).
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Fig. 3: The band pattern of protease of the starfish Asterias amurensis in polyacrylamide gel electrophoresis. The two active
bands are white bands in blue-background. The stain of bands was performed in amide black.
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Fig. 4: Molecular Phylogenetic tree based on DNA sequence by Winnepenninckx et al. (1995). This tree shows the close
relationship between echinoderms and vertebrates.



Evolutionary close relationship between echinoderms and vertebrates 37

Mollusca

Arthropoda

Echinodermata

Vertebrata

Fig. 5: Molecular phylogenetic tree based on multi-protein seqence analysis by Miyata (1994). This tree shows the close
relationship between echinoderms and vertebrates.
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Responses and issues of producing centers and processing companies
related to increased exports of sea cucumbers

Chousei SHIBUYA, Yuka KASAI
Laboratory of Food and Agricultural Economics

(Received for publication October 29, 2010)

SUMMARY

An increase in sea cucumber exports has resulted in higher prices of sea cucumber products, which in turn has
brought both positive and negative effects to producing centers. The increased demand for sea cucumbers in China
has raised their prices at producing centers to a level that was inconceivable in the past. The problem of exhaustion
of resources, however, has surfaced because of the increased catch of sea cucumbers. Accordingly, active efforts for
resource management led by the producing centers are demanded.

Some producing centers have begun to experience a decrease in their sea cucumber resources caused by the
soaring prices and increased catches. Consequently, resource management activities such as establishing protected
areas and closed seasons for fishing and artificial production and release of eggs, aiming for stable supply, have been
increasing.

In Mutsu Bay, resource management activities are carried out independently by each of the producing centers.
Consequently, problems such as excessive exploitation aimed at short-term gains have arisen in some regions, causing
size reduction of sea cucumbers and decreased amounts of resources. Therefore, the time has come to require a
stricter fishery system to ensure stable future supply of sea cucumbers grown in Mutsu Bay. This system necessitates
efforts on the part of all producing centers in Mutsu Bay, rather than conventional resource management carried out
separately by each producing center.

The sharp rise in the price of sea cucumbers at the ports of landing has been urging processing companies to alter
their businesses from the conventional processing of dried sea cucumbers to the processing of salted sea cucumbers
in order to safeguard their income. The salted sea cucumbers that currently comprise the majority of Mutsu Bay
sea cucumbers, however, cannot be promoted for their high quality of being grown in Mutsu Bay and brand of being
grown in Aomori Prefecture. In addition, numerous other problems exist such as the unauthorized channels used to
distribute many salted sea cucumber products. Reassessment of the usefulness of salted sea cucumbers is therefore
needed to develop the sea cucumber business into an industry in the future. To manufacture high-quality processed
foods, the control system on the part of the producers after fishing, including the prevention of damage to the sea
cucumbers at the time of collection, demands the cooperation of fishermen.

Activities including branding of Mutsu Bay sea cucumbers have also begun through new strategies such as
securing direct selling routes to China. Although sea cucumbers have drawn attention because of export expansion
in the past, the time has come to make efforts to create new demand both inside and outside Japan without excessive
reliance on exports in the future.

Bull.Fac.Agric.&Life Sci. Hirosaki Univ. No.13: 39-59, 2010
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