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Introduction

0 0 The modes of embryonic development of echinoids are classified into two major categories, typical
O indirectt and modified directd developerst 22, 26L1  The majority of species develop in a typical manner
with a feeding larval stage, which is considered a primitive type of larval developmentl 7L]  On the other
hand, modified modes of development without a feeding larval stage are considered as derived types of
developmentl 2500  These two developmental modes have been found in all living orders of echinoids
except for the orders Echinothurioida and Diadematoida.

0 0O The order Echinothurioida is considered to be the most ancestral sea-urchins in the Euechinoids from
the point of morphological and palaeontological observationsU 23, 2400 Fig. 101 ~ However, the larval
development of all species belonging to Echiothurioida examined to date is thought to be by modified mode
because of egg size 7. 190 and sperm morphologyd 2L]  In addition, the normal development of an
echinothurioid, 4Asthenosoma ijimai, was found to be by modified model 1, 3L] A previous study of another
echinothurioid, Asthenosoma sp., also found modified developmentO 400 It is curious that no species of
the echinothurioid echinoids develop in a typicalll ancestralld manner, even though the Echiothurioida are
considered to be a ancestral order. To solve this paradox, we need to understand not only the larval
development but also the phylogeny of Echinothurioida.

0 O Recent molecular phylogenetic studies by allozyme analysis in echinoderms have helped clarify the
phylogenetic relationships between species) 9, 10, 11, 12, 14, 15, 170 and between local populations 8,
16, 2100  As a first step of the molecular phylogenetic study of the order Echinothurioida, we examined
the genetic variation within and genetic differentiation between local populations of Asthenosoma ijimai
OFig. 10 The echinothurioid echinoid, 4. ijimai is distributed along the south coast of Japan from Sagami
Bay to Kagoshima Bay and the west coast of Kyushu, and is a common Japanese species of this order.
In this study, we report the genetic difference between two local populations, each located near the edge
of the distribution area, and separated by about 900km, and allozyme variation within poppulations.
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Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.5 : 1 —8, 2003



2 T. MINOKAWA et al.

Fig. 1.0 Sea-urchin species of the family Echinothuriidae. a : Asthenosoma ijimai from Japan,
b : Asthenosoma sp. from Okinawa Island.

Materials and Methods

Echinothurioid echinoid, Asthenosoma ijimai

0 O Adult echinoid Asthenosoma ijimai were collected in two localitiesd Fig. 2L1 ~ Ten adult echinoids were
collected in the vicinity of Misaki Marine Biological Station facing Sagami Bay, and 11 individuals were
collected from Kagoshima Bay. Each individual was dissected, and its gonads and intestine were isolated.
The isolated organs were washed several times with filtered sea water and were frozen at 0 800 until
use.

Preparation of samples and gel electrophoresis

U O The procedures for preparation of samples, electrophoresis and staining gels were similar to previous
studies 1501  Briefly, about 0.2g of each tissue sample and 0.6 ml of 50mm phosphate bufferl pH 7.00
containing 0.1mM KCI and 10mM EDTA were individually mixed and homogenized, using a polyethylene
Potter-Elvehjem homogenizer in an ice-water bath.  The homogenized samples were centrifuged at 6,100% g
for 10 min, yellowish lipid that covered the surface of the centrifuged samples was removed, and the clear
supernatant was resolved by 7.5% polyacrylamide gel electrophoresis.  After electrophoresis, gels were stained
for different enzymes as reported previouslyl 130]
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Fig. 2.0 Map showing the two local populations of the sea-urchin, 4. ijimai of the family Echinothuriidae from Japan.

Results and Discussion

ALLOZYME PATTERNS

O0OIn the first step of a molecular phylogenetic study of echinothurioids, enzymes were resolved by gel
electrophoresis.  From a total of 31 enzymes reported previouslyl 130 we detected 10 different enzymes ;
alkaline phosphatase d ALKL esterase J ESTL glucose—6—phosphate dehydrogenase 0 G6PDL] leucine amino
peptidase J LAPL malate dehydrogenase U MDHL] nothing dehydrogenase 00 NDHL] octanol dehydrognease
0 ODHL phosphoglucoisomeraseld PGIL peroxidased POUand superoxide dismutaseld SODL  All enzymes were
assayed in the supernatant of intestinal homogenate, except for ALK and PGI which were assayed in gonad.
OO A total of 19 genetic loci were estimated based on the electrophoretic patternst Table 1L  The major
features of variation in each enzyme are summarized as follows.

0 O ALK activity was detected as several bands in each individual. These were assumed to be the products
of three different locil Alk-1, Alk=2 and Alk-30  All ALK loci in the Sagami Bay population and two loci
U Alk-1 and Alk=3U in the Kagoshima Bay population were polyallelic.  The Alk-1 locus of the Sagami Bay
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Table 1.0 Allele frequencies at 19 genetic loci coding for 10
different enzymes in two local populations of the
echinothurioid echinoid Asthenosoma ijimai

Locus Allele Sagami Kagoshima
Alk-1 a 0.50 0.18
b 0.06 0
¢ 0.22 0.09
d 0.22 0.73
Alk-2 a 0.90 1
b 0.10 0
Alk-3 a 0.75 0.65
b 0.25 0.35
Est-1 a 0.63 0.58
b 0.37 0.42
Est-2 a 0.45 0.41
b 0.55 0.59
Est-3 a 0.30 0.36
b 0.70 0.64
Est-4 a 1 1
Est-5 a 0.06 0.25
b 0.61 0.10
¢ 0.33 0.65
G6pdh-1 a 0.88 0.83
b 0.12 0.17
Lap-1 a 0 0.44
b 0.83 0.12
¢ 0.17 0.44
Lap—2 a 0.90 091
b 0.10 0.09
Lap-3 a 1 1
Mdh-1 a 0 0.04
b 1 0.96
Ndh-1 a 0.40 0.36
b 0.60 0.64
Odh-1 a 1 1
Pgi-1 a 1 1
Po-1 a 0.45 0.64
b 0.22 0
¢ 0.33 0.36
Sod-1 a 1 0.45
b 0 0.55
Sod-2 a 0 0.04
b 0.95 0.96
c 0.05 0

population had four alleles. The Alk-2 locus in the Kagoshima Bay population was monoallelic. ~ According
to the band pattern, each ALK locus was interpreted as a multi-allelic system at a single locus coding for a
monomeric protein.

0O O Five loci were estimated from the EST band pattern.  All loci except Est-4 were polyallelic in each local
population. In Est-1 and Est-2, single- and double-banded phenotypes were observed in two populations.
This variation was interpreted as a diallelic system at a single locus coding for a monomeric protein.  Est—
3 exhibited one active band in each individual. There were two distinct bands of different mobility in both
populations, which were interpreted as the products of different alleles at a single locus. The mobility of the
active band of the Est-4 locus was identical in all individuals of the two local populations, indicating that this
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locus was monomorphic.  According to the band pattern, Est-5 locus was interpreted as a triallelic system
at a single locus coding for a monomeric protein.

0 0O The band patterns of G6PD exhibited only one locus. G6PD exhibited one active band in each individual.
In both populations, there were two bands of different mobility. These two distinct band patterns were interpreted
as the products of different alleles at a single locus. No heterozygotes were found.

O O LAP showed high levels of variation in each local population. The Lap—1 locus was interpreted as a triallelic
system at a single locus coding for a monomeric protein.  Lap—2 showed two active bands interpreted as a
diallelic system at a single locus coding for a monomeric protein.  Lap—3 exhibited a single band of strong
activity and was monoallelic.  Most of the bands showed strong enzyme activities.  This might be because
of the carnivorous tendency of the species.

0 O MDH in the Sagami Bay population showed a single band and was monoallelic. On the other hand, MDH
in the Kagoshima Bay population exhibited single- and double-banded phenotypes. The individuals of the Sagami
Bay population exclusively had the MDH-LI bU allele.  Both the Mdh-I all and Mdh-1J bU alleles were scored
in the Kagoshima population.  However, the frequency of Mdh—L ald was only 4.0%U Table 10

OO In NDH, single- and double-banded phenotypes were found in both local populations. This variation was
interpreted as a diallelic system at a single locus coding for a monomeric protein.

0 0O ODH exhibited a single band of activity. This locus was monoallelic both within and between the two
populations. A similar relationship was found for the PGI locus.

0 O PO showed a faint, single band in all individuals from both local populations. From the band patterns,
three and two different alleles were estimated in the Sagami Bay and Kagoshima Bay populations, respectively.
No heterogeneous band pattern was found in either population.

0 0 From the band patterns of SOD, we estimated two loci. Sod-1 exhibited an active band in each individual.
In the Kagoshima Bay population, there were two bands of different mobility. These two distinct band patterns
were interpreted as the products of different alleles at a single locus. Sod—-2 showed single- and triple-banded
phenotypes. This variation was interpreted as a diallelic system at a single locus coding for a dimeric protein,
with single-banded patterns corresponding to the homozygous state, and triple-banded patterns to the heterozygous
state.

0 O The allele frequencies for all loci in the two populations are given in Table 1. The proportions of polymorphic
locid POin each population were 68.4% for the Sagami Bay population and 73.7% for the Kagoshima Bay population
U Table 20  The mean P value of the species 4. ijimaill PO 71.1%0 was considerably higher than that of the
other echinoid species in Japanese waters reported previouslyd mean P value of 13 speciest 8.4%[1 12, 170
The genetic mechanism responsible for this high level of genetic variation in 4. ijimai remains unclear.

GENETIC VARIATION IN THE ECHINOTHURIOID ECHINOID A. JIMAI

0 O To quantify the degree of the genetic variation, the expected average heterozygosity per locust] HUin each
population was calculated. The H values of the Sagami Bay and Kagoshima Bay populations of A4. ijimai
were 26.3% and 29.5%, respectivelyl Table 200 The H value of each population also strongly supported that
the genetic variation in the species 4. ijimai was considerably higher than that of other echinoid species studied
previously mean H value of 13 speciesl 3.1%[11 12, 170]

O 01t has been suggested that there is a correlation between the environment and the # value.  Previous
reports demonstrated that the A values in shallow water echinoids were relatively lower than that of the echinoderms
living in the deep-seall 5, 601  The echinothurioid echinoid 4. ijimai, however, lives in relatively shallow water
0 0-120mL 70 which suggests that there is no relationship between the depth of living habitat and A value.
0 0O The high H value might be related to the developmental process. The mean  value of the 13 typical
developing sea urchins, Anthocidaris crassispina, Colobocentrotus mertensii, Echinometra mathaei, Echinostrephus

aciculatus, E. molaris, Hemicentrotus pulcherrimus, Heterocentrotus mammillatus, Pseudoboletia maculata,
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Table 2.0 Genetic variation in two local populations of the echinothurioid A4sthenosoma ijimai

Sagami Bay Kagoshima Bay
Proportion of polymorphic loci : PO %0 68.4 73.7
Expected average heterozygosity per locus : H1 %[0 26.3 29.5

Pseudocentrotus depressus, Strongylocentrotus intermedius, S. nudus, Toxopneustes pileolus and Tripneustes gratilla,
was 3.1%0 12, 1700 This value is markedly lower than that of 4. ijimai determined in the present studyl mean
H value of two local populations of 4. ijimaill 7.9%0L  A. ijimai is the only echinoid species with modified
development on which the H value has been examined to date. The examination of other species with the
modified development would be necessary to confirm a relationship between the mode of larval development
and the genetic variability.

0O O A correlation between developmental mode and the value of the haploid genome size had also been suggested.
The haploid genome size of a species with typical development, H. pulcherrimust] 0.91pgl] was smaller than
that of the modified developers 4. ijimaill 1.35pgUd and Araeosoma owstonill 1,17 pglI] 2701 One of the authors
has reported the H value of H. pulcherrimus to be 00 1200  These previous studies suggest that the H value
correlates with the size of the haploid genome.

GENETIC DIRENGENCE BETWEEN TWO LOCAL POPULATIONS OF A. IJIMAI

0 O Based on the allele frequencies for all loci in these two local populations given in Table 1, the genetic
distancel DU between the two populations was calculated according to the procedure of Neid 2000  The D
value between the two populationst DO 0.0870 was larger than that between the local populations of another
echinoid reported previously between the Fukaura population and Shirahama population of Anthocidaris crassispina,
DO 0.022017 1600 and was slightly smaller than that between different types of E. mathaei that are considered
to be a sibling species type A and type C, DU 0.115 ; type B and type D, DU 0.145[11 15L]  The large D
value between two populations of 4. ijimai obtained in the present study and the slight difference in morphology
between the two populationsd Amemiya, unpublished observationl suggest that the two populations are on the
way to become distinct species.

0 O The vast genetic distance between two local populations of 4. ijimai might be explained by the effect of
larval life history strategy. Typical developers usually produce a large number of small eggs. The larvae
of this type have a relatively long planktonic larval period. This larval life history strategy of typical developers
promotes the wide range of larval dispersal and gene exchange between widely separate populations, resulting
in reduced genetic variation among the local population. On the other hand, modified developers usually produce
a small number of large eggs. The larvae of this type have a relatively short planktonic period. This larval
strategy of modified developers promotes the narrow range of larval dispersal and relatively small amount of
gene exchange between local populations resulting in a vast genetic difference. The larvae of the Crown-of-thorns
starfish, Acanthaster planci, produce a large number of eggs, have a relatively long planktonic periodd 10 days—
6 weeksl and show geonegative swimming behavior. The D values between several local populations of
Acanthaster planci, which separated wider than the two local populations of 4. ijimai in the present study, were
relatively lowerd 2100 than that between the two local populations of 4. ijimai.  This supports an effect of larval
strategy on genetic distance. In addition, it was reported that local populations of the modified developing
sea-urchin, Heliocidaris erythrogramma, showed langer genetic divergence over relatively small geographic ranges
than the typical developing congeneric species /. fuberculatall 18[1 Taken together with our present results,
these studies strongly suggest that the larval life history strategy could affect the genetic variation between
local populations in a species.
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Summary

0 O A direct developing echinothurioid echinoid, Asthenosoma ijimai, is distributed along the south coast of Japan
from Sagami to Kagoshima Bays and the west coast of Kyushu. This species is a common member of this
order in Japan. As a first step towards understanding the evolutionary biology of the echinothurioids, genetic
differences in two local populations of 4. ijimai from Sagami and Kagoshima Bays were examined by allozyme
analysis of 10 different enzymes.  The average heterozygosity per locust) HO was 26.3% and 29.5% for the
Sagami and Kagoshima populations, respectively. These values were considerably higher than those in other
typicall indirectUdeveloping echinoids reported to date. The high level of genetic polymorphisms might correlate
with the developmental mode. The NEI's genetic distanceld DU between the two local populations was 0.087.
This value was higher than the average of data obtained between conspecific local populations, but slightly
lower than that obtained between sibling species of other echinoid species. These results indicate a substantial
degree of genetic divergence between these two local populations of this species.
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Table 1.0 Allele frequencies at 34 genetic loci in the seven Japanese stag-beetles of the family Lucanidae

Locus Dp Dh Dre Ds Dru Pi Lm
o —Gpdh b b alo.o700 al 0.5000 b a a
bJ 0.930 bJ 0.500
Fdh-1 a al 0.500 B! 0.250 a — d al0.670
€l 0.500 el o.750 bl 0.080
€l 0.250
Fdh-2 b c al 0.500 al 0.750 B! 0.5000 c b
bJ 0.500 bJ 0.250 €l 0.500
Goépd a a a a a 81 0.830 a
bl 0.170
Hbdh &l 0.5000 bJ 0.500 a b d c
B! 0.5000 d 0.500
Mdh—-1 — — a — — a &1 0.330
bl 0.670
Mdh-2 — a a a a a a
Mdh-3 &l 0.500 & 0.750 & 0.860 a &l 0.750 a a
bl 0.5000 B! 0.250 B! 0.140 bl 0.250
Mdh—4 &l 0.500 a — - - - -
bJ 0.500
Me a b al 0.2900 a al 0.440 &l 0.500 b
b 0.710 bJ 0.560 bJ 0.500
Odh-1 a b b al0.370 — — a
bl 0.630
Odh-2 b b 8 0.750 al 0.250 b b b
b! 0.250 B! 0.5000
€l 0.250
Sch b b a al 0.880 a b b
bl 0.120
Xdh — a b al 0.500 a b a
B! 0.5000
Sod-1 bl 0.500 — bl 0.750 b b bl 0.3000 &l 0.080
€l 0.500 €l 0.250 €l 0.500 bJ 0.500
d 0.200 €l 0.420
Sod-2 b b & 0.210 & 0.250 & 0.500 bl 0.580 b
bl 0.720 B! 0.630 B! 0.5000 €l 0.420
el o.o70 elo.120
Hk c c c B! 0.120 B! 0.800 al0.250 b
€l 0.380 €l 0.200 bl 0.750
@ 0.500
Pgm-1 — c b 8 0.500 c — —
bl 0.500
Pgm-2 b b al0.170 b b b c
B! 0.830
Aat-1 d b c bl 0.250 &l 0.880 c &l 0.500
el 0.750 bl 0.120 €l 0.500
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Table 1.0 Continuedd

Locus Dp Dh Dre Ds Dru Pi Lm
Aat-2 b &l 0.250 &l 0.330 &l 0.500 bl 0.861 bl 0.750 b
bJ 0.750 bl 0.670 bJ 0.500 €l 0.140 €l 0.250
Acph-1 — b b b b b &l 0.5000
bl 0.500
Acph-2 &l 0.500 B! 0.5000 el o.700 B! 0.250 a a & 0.100
& 0.500 d 0.500 d 0.300 €l o.500 bl 0.6000
@ 0.250 €l 0.200
& 0.100
Alk &l 0.500 &l 0.250 bl 0.670 &l 0.380 b bl 0.580 b
B! 0.500 b! 0.750 el o.a70 b! 0.5000 €1 0.420
€l 0.120
Est—1 a & 0.250 & 0.430 & 0.250 b b & 0.800
B! 0.750 B! 0.570 B! 0.750 B! 0.2000
Est=2 a &l 0.500 &l 0.100 b &l 0.210 &l 0.160 C
B! 0.5000 B! 0.6000 B! 0.290 B! 0.420
€l 0.300 el o.500 €l 0.420
Est-3 b b & 0.370 & 0.670 &) 0.640 al 0.250 al 0.670
bl 0.630 B! 0.330 B! 0.360 B! 0.750 B! 0.330
Est—4 — a a a — a —
Est-5 — b & 0.140 b bl 0.400 & 0.830 Bl 0.500
bl 0.720 €l 0.600 el o0.a70 €l 0.500
€l 0.140
Lap-1 — a al0.670 a a b alo0.670
B! 0.330 p! 0.330
Lap-2 a al 0.500 al 0.420 a a a &l 0.920
B! 0.5000 bl 0.580 b! 0.080
Lap-3 a bl 0.750 &l 0.300 &l 0.500 &l 0.060 bl 0.920 b
€l 0.250 B! 0.7000 B! 0.5000 B! 0.590 €l 0.080
€1 0.380
Lap—4 b bl 0.750 &l 0.300 a bl 0.500 c bl 0.900
€l 0.250 B! 0.2000 €l 0.500 €l o0.100
gl o.500
Lap-5 — & 0.500 8 0.370 & 0.500 c b —
€l 0.500 bl 0.2500 d 0.500
€1 0.38U

Alleles are correspondingly lettered from“ a”, this being the allele of the lowest electrophoretic mobiligy. The value

in parenthesis represents the frequency of each allele in population.

Dp0Q Dorcus platymelus, Dh0 D, hopei, Dre(l D,

rectus, DsO D. striatipennis, Drul] D, rubrofemoratus, Pil] Prosopocoilus inclinatus, Lm0 Lucanus maculidemoratus.
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Table 2.0 Genetic variation in the seven species of the family Lucanidae

Parameter Dp Dh Dre Ds Dru Pi Lm
No. of alleles per locus 1.24 1.34 1.85 1.69 1.48 1.42 1.53
Proportion of polymorphic
loci : PO %0 24.0 34.4 66.7 53.1 41.4 355 40.0
Expected average hetero- ), , 14.8 28.9 25.6 18.1 147 17.0

zygosity per locus : HO %[

DpU Dorcus platymelus, DhJ D, hopei, Drell D, rectus, DsUO D, striatipennis, Drull D, ruborofemoratus, Pill

Prosopocoilus inclinatus, LmU lucanus maculifemoratus.

Table 3.0 Expected average heterozygosity for glucose metabolizing enzymes
U Group 10 and non-glucose metabolizing enzymesU Group 20 in the
populations of seven Japanese stag-beetles of the family Lucanidae

Expected Average Heterozygosity per Locus : HO %0

Species Group 1 Group 2
Dorcus platymelus 125 11.8
Dorcus hopei 3.8 19.9
Dorcus rectus 10.7 36.7
Dorcus striatipennis 20.0 27.8
Dorcus ruborofemoratus 13.2 20.3
Prosopocoilus inclinatus 12.9 144
Lucanus maculifemoratus 4.9 22.2
Weighted Mean 11.0 225

Table 4.0 Genetic identitiesl! above diagonall! and genetic distancesU below diagonalll among the seven

Japanese stag-beetles of the family Lucanidae

Species 1 2 3 4 5 6 7
1. Dorcus platymelus — 0.464 0.363 0.418 0.400 0.317 0.452
2. D. hopei 0.768 — 0.610 0.626 0.595 0.474 0.494
3. D. rectus 1.013 0.494 — 0.741 0.572 0.597 0.477
4. D. striatipennis 0.872 0.468 0.300 — 0.577 0.500 0.487
5. D. ruborofemoratus 0.916 0.519 0.559 0.550 — 0.516 0.556
6. Prosopocoilus inclinatus 1.149 0.747 0.516 0.693 0.662 — 0.521
7. Lucanus maculifemoratus 0.794 0.705 0.740 0.719 0.587 0.652 —

Genetic identitiesU /U and genetic distancesU DU were calculated by the method of NeiJ 197200
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Fig. 2.U Molecular phylogenetic tree for the seven species of the family Lucanidae

from Japan.
UPGMA clustering method.

It was constructed from Ner's genetic distances by using the
The divergence time estimated from Ner's

equation using the genetic distance is also given in the phylogenetic tree.
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Molecular Phylogeny of Japanese Stag—Beetles

Norimasa MATSUOKA"® and Tadatsugu HOSOYA"?

"1Division of Molecular Evolution, Faculty of Agriculture & Life Science,
Hirosaki University, Hirosaki, Aomori 036-8561, Japan

Y2Department of Biology, Faculty of Science, Hirosaki University, Hirosaki,
Aomori 036-8561, Japan

SUMMARY

O O O The phylogenetic relationships among seven Japanese stag-beetlest] Dorcus platymelus, D, hopei, D, rectus,
D, striatipennis, D. rubrofemoratus, Prosopocoilus inclinatus and Lucanus maculifemoratusU of the family Lucanidae
were investigated by allozyme analysis of 17 different enzymes. From the allozyme variation in 34 genetic
loci, the NEI's genetic distances between species were caluculated and the molecular phylogenetic tree for the
seven species was constructed.  The phylogenetic tree indicated the followings :0 10 The seven species of
the family Lucanidae were divied into the three large clusters :0 10 Dorcus platymelus 1] 21 other four Dorcus
species, andUd 30 the two different genera of Prosopocoilus inclinatus and Lucanus maculifemoratus. Among the
four Dorcus species of the second cluster, D. rectus and D. striatipennis are the most closely related to each
other and diverged later. On the other hand, D. rubrofemorat is most distant species. The two different genera
Among the
seven species studied here, Dorcus platymelus is the most distant species and the primitive or ancestral type.
This result is well consistent with the previous taxonomic system. Their phylogenetic relationships established
by allozymic study were discussed through the comparison with the non-molecular data from morphology and

ecology.

of Prosopocoilus inclinatus and Lucanus maculifemoratus is relatively related genera to each other.
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Introduction

0 0O The fish fauna of Japanese waters is remarkably abundant and about 3,400 species have been ascertained
by MASUDA etal 1198400  Under such species diversity, the taxonomic and phylogenetic studies have been
extensively carried out by many workers from the morphological standpoint. However, many unresolved problems
concerning the phylogeny and evolution of fish still remain unclear.
00O On the other hand, during the last about 20 years, the phylogenetic and evolutionary studies have been
revitalized by the application of molecular techniques. Protein electrophoresis, protein sequencing and sequence
analysis of mitochondrial DNA or ribosomal RNA are among the molecular methods used in evolutionary studies.
Such molecular studies have made it possible for us to estimate the phylogenetic relationships among taxa and
their evolutionary processes quantitatively with common parameters such as protein or DNA, and in some cases
they have been providing much relevant and critical information about phylogeny in various groups of organisms
U FERGUSON, 1980 ; HiLLIs et al., 1996L1 To clarify many unresolved problems about the phylogeny of the fishes,
it would be desirable to introduce actively the molecular approaches which can provide the more analytical,
quantitative and useful data into the field of the fish phylogeny and taxonomy.
0 O The suborder Percoidei consist of many various families, and therefore it has been considered that the suborder
is many phyletic group. However, the phylogenetic relationships among families remained unclear until now.
Needless to say, the molecular phylogenetic study has not yet been carried out. In this study, the author adopted
five common fish species belonging to the five different families : Trachurus japonicus of the Carangidae, Ditrema
temmincki of the Embiotocidae, Sillago japonica of the Sillaginidae, Arctoscopus japonicus of the Trichodontidae
and Girella punctata of the Girellidae belonging to the suborder Percoidei, and attempted to estimate their
phylogenetic relationships at allozyme level. Previously, we repoted that allozyme electrophoresis is also effective
on the systematics at family leveld MATSUOKA, 1987 ; MATSUOKA and INAMORI, 1999 ; ASANUMA and MATSUOKA,
20020 In addition, Nei 19870 stated in his review that protein electrophoresis is almost equivalent to mtDNA
analysis in resolving power. Therefore, the author adopted the allozyme analysis. In this paper, the author
would like to report about the molecular phylogeny and population genetics of the above five species of the
five familes of the suborder Percoidei.

Materials and Methods

Fish
O O The fishes examined in this study were five species of the suborder Percoidei from Japanes waters : Trachurus

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.5 : 17— 22, 2003
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Jjaponicus, Ditrema temmincki, Sillago japonica, Arctoscopus japonicus and Girella punctuata, The number of
individuals examined in each species and localites were as follows : 7. japonicus, 6, Aomori Pref. ; D. temmincki,
6, Aomori Pref. ; S. japonica, 6, Shizuoka Pref. ; A. japonicus, 6, Aomori Pref. and G. punctata, 6, Fukui Pref.
After collection, the whole bodies were stored at U 45°C.  After thawing at 4°C, the three tissuesd muscule,
liver and intestineld were cut off from these specimens and the crude extracts of these tissues were prepared
before allozyme electrophoresis as described below.

Electrophoretic method

U O Electrophoresis was performed on 7.5% polyacrylamide gels as described previouslyll MATSUOKA, 19850 :
About 0.2—0.3g of muscle, liver or intestine was individually homogenized in 1 or 5 vols of 20mm phosphate
buffer, pH 7.0, containing 0.1m KCI and 20mMm EDTA, by using a small polyethylene homogenizer of the
Potter-Elvehjem type in an ice water bath.  After centrifugation at 10,000 rpm for 5 min, 0.05—0.1ml of clear
supernatant was used for electrophoretic analysis of enzymes. Electrode buffer was 0.38 M Glycine-tris buffer,
pH 8.3. After electrophoresis, the gels were stained for the following 11 different enzymes : glucose-6-phosphate
dehydrogenase U0 G6PDL] lactate dehydrogense J LDHL malate dehydrogenase  MDHL malic enzymgl MEL]
nothing dehydrogenasel NDHL] superoxide dismutased SODL] aspartate amino transferaseld AATL peroxidase
0 POQ alkaline phosaphatasel] ALK esterased ESTU and cytosol aminopeptidasel] CAPL]  Stain recipes for
these enzymes have been described previouslyld MATSUOKA and HATANAKA, 19910

Results and Discussion

Protein polymorphism

0 O Nineteen loci were inferred from the allozyme variation in the 11 enzymes. Of 19 genetic loci, eight loci
0 MDH-1, MDH-2, EST-1, EST-4, EST-5, CAP-1, CAP-2 and CAP-3Uwere polymorphic. In general, the enzymes
such as EST and CAP were also highly polymorhic in echinoderms or insects studied in our laboratoryd eg.,
MATSUOKA and INAMORI, 1996 ; MATSUOKA et al., 1998 ; MATSUOKA and Asano, 1998 ; MATSUOKA and HATANAKA,
1991, 1998L1 Other 11 loci were monophoric. Table 1 summarizes the degree of genetic variation in five
species. The number of alleles per locus was in the range of 1.06—1.11, with a mean of 1.11. The proportion
of polymorphic locil PUis in the range of 5.9—15.8%, with a mean of 10.5%. The expected average heterozygosity
per locusl HU s in the range of 1.6—7.9%, with a mean of 4.5%. Gyllenstenll 198501 reported that the mean
H value in various fish species was about 5%. More recently, we also reported that the mean H value was
6.1% in seven species of the order Clupeiformesld AsANUMA and MATSUOKA, 20020 and it was 4.3% in four
species of the family Hexagrammidaell MATSUOKA et al., 2000L1 The present H valuest 4.5%were comparable
to those in many other fish species.

0 O with respect to the relationship between enzyme function and heterozygosity, Yamazakill 19770and Gojobori
00 19820 showed that the substrate-specific enzymes with functional constraints have lower heterozygosity than
the nonspecific enzymes.  These hold true for the fish enzymes here studied ; the non-glucose metabolizing
enzymesU the mean AU 5.5%0 including nonspecific enzymes were more variable than the glucose-metabolizing
enzymesl the mean HU 3.1%01 with functional constraints.  Previously, similar result was observed in seven
fish species of the order Clupeiformest] ASANUMA and MATSUOKA, 200201  Furthermore, the similar phenomena
were also found in our previous allozyme studies of echinodermsl eg., MATSUOKA and HATANAKA, 19910
These results can be explained by the neutral theory of Kimural 19830 : The glucose-metabolizing enzymes
have functional importance, and therefore functional constraint of these enzymes is much stronger than that of
other non-glucose metabolizing enzymes.  The more strictly functional constraint decrease neutral regions of
the molecules, and thus the probability of neutral mutation would be smaller for the glucose metabolizing-enzymes
than other non glucose-metabolizing enzymes.
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Table 1.0 Genetic variation in the five fish species of the suborder Percoidei

U Parameter Aj Sj Tj Dt Gp
1. No. of alleles per locus : 4 1.06 116 1.09 111 111
2. Proportion of polymorphic loci : PO %0 5.9 15.8 9.1 10.5 11.1

3. Expected average
heterozygosity per locus : HO %[l

AjQO Arctoscopus japonicus, SjO Sillago japonica, TjO Trachurus japonicus,
Dt0 Ditrema temmincki, GpU Girella punctata.

16 7.9 3.7 53 4.0

Table 2.0 Genetic identities above diagonalll and genetic distancest below diagonall
between five fish species of the suborder Percoidei

U Species 1 2 3 4 5

O 1. Arctoscopus japonicus O 0.445 0.224 0.412 0.316
O 2. Sillago japonica 0.810 o 0.259 0.360 0.442
0 3. Trachurus japonicus 1.496 1.352 O 0.523 0.230
O 4. Ditrema temmincki 0.888 1.021 0.648 u 0.264
U 5. Girella punctata 1.153 0.816 1.469 1.334 0
Genetic identityl] /0 and genetic distanceld DO were calculated by the method of Nei
019720

Phylogenetic and evolutionary relationships

OO0 In order to quantify the degree of genetic differentiation between five species, we calculated the genetic
identityd /U and genetic distancel DU between each species by the method of Neild 197200  Table 2 shows
the matrices of / and D values between all pairs of five species. The lowest D value DO 0.6480 was found
between 7. japonicus of the family Carangidae and D. temmincki of the family Embiotocidae.  On the other
hand, the highest D valueld DU 1.49600 was found between A4. japonicus and T. japonicus.  These values are
comparable to those observed in different families of many other animal groupst Thorpe, 1982L1  Namely, the
present molecular data are well consistent with their taxonomic position based on morphological criteria. To
clarify their phylogenetic relationships, the molecular phylogenetic tree was constructed from the NEI's genetic
distance matrix of Table 2 by using the UPGMA clustering method of Sneath and Sokald 197300 The divergence
time inferred from the NEI's equatioh! NEI, 19750using genetic distance is also given in the molecular phylogenetic
tree. The phylogenetic treel] Fig. 10indicated the followings :[0 100 The five fish species of five different families
are divided in two large clusters : one consists of 7. japonicus and D. temmincki, and the other A. japonicus,
S. japonica and G. punctata ] 20 T. japonicus and D. temmincki are most closely related to each other among
the five species and diverged laterl about 3 million years ago : 3MYLL] 030 In second cluster, 4. japonicus
and S. japonica are much closely related to each other and diverged in about 4MY. [0 40 G. punctata is more
genetically differentiated from other four species. It suggests that G. punctata might be one of the primitive fish.
0 O The morphological data for speculating their phylogenetic relationships is much scanty, since they belong
to the different families in taxonomy, and thus they have not almost common characters. In such cases, the
molecular approach would provide useful information for their phylogeny as shown in ASANUMA and MATSUOKA
00 2002L]  The molecular phylogenetic tree demonstrated the affinity between T. japonica and D. temmincki, and
that among the other three species.  This is well consistent with the morphological similarity of the tail fin
described in MAsuDA et al.l11988L1  Further, the close relation between A. japonicus and S. japonica agrees
with their similar body shape of slender type. Of many members of the suborder Percoidei, D. temmincki is
much specialized fish : the species is ovoviviparity and produces about 10—15 young fish in each year. This
suggests that the species is highly evolved fish and would be differentiated from other species in more recent
times as shown by the present molecular study. In future, this study would provide some useful data for the
systematics of the suborder Percoidei.
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Fig. 1. Molecular phylogenetic tree for the five common species of the suborder Percoidei.
It was constructed from the NEI's genetic distance by using the UPGMA clustering
method. The divergence time estimated from the Nei's equation using the genetic
distance is also given in the phylogenetic tree.

OO In recent years, many workers have adopted mitochondrial DNAL mtDNADO as the molecular marker for
investigating the evolutionary and phylogenetic study.  The molecular marker of mtDNA was developed by
A. C. Willson at California University. However, NEId 19870 showed that the resolving power of mtDNA is
not necessarily higher than that of allozyme study. According to the estimation of Nei 1987L] allozyme study
is expected to survey about 100 nucleotides per one genetic locus. As we usually examined about 30 loci
in allozyme study, it is equivalent to studing 3,000 base pairs at mtDNA level. Therefore, the resoloving power
of allozyme study is not lower than mtDNA analysis. Murphy ef al.lJ 19960 claimed that in phylogenetic and
evolutionary studies many molecular characters should be used and that the enzyme loci are the important molecular
characters in allozyme study. Needless to say, the number of molecular characters adopted in protein
electrophoresis is more enough than that of mtDNA study. In future, the author is planning to study the
phylogenetic relationships among many and various families of the suborder Percoidei at molecular level.

Summary

0 O The phylogenetic relationships and allozyme variation were studied in the five common fish species Trachurus
Jjaponicus, Ditrema temmincki, Sillago japonica, Arctoscopus japonicus and Girella punctatall belonging to the five
different families of the suborder Percoidei from Japanese waters by allozyme study of 11 enzymes. From
the allozyme variation observed in 29 genetic loci scored, it was calculated that average heterozygositiesl H
valuesU are in the range of 1.6—7.9%, with a mean of 4.5%. The H values were comparable to those observed
in other fish species. The NEI's genetic distancestd mean DO 1.100between five species of the suborder Percoidei
were comparable to those observed between different families in other animal groups. The molecular phylogenetic
tree for the five species of the five different families which was constructed from NEI's genetic distances indicated
the followings : The five species of the suborder Percoidei were divided into two large clusters : one consists
of T. japonicus and D. temmincki, and the other A. japonicus, S. japonica and G. punctata. Among five species,
T. japonicus and D. temmincki are most closely related to each other and diverged laterd about 3MYL In second
cluster, 4. japonicus and S. japonica are closely related to each other and diverged in about 4MY. Girella punctata
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is more genetically differentiated from other four species and might be primitive type. These molecular results
were compared with non-molecular evidence.
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Introduction

0 O Lotus corniculatus .0 birdsfoot trefoillis presently used for pasture, hay and silage. It is fine-stemmed,
leafy, slightly decumbent and does not cause bloat when grazed. It grows on a wide range of soil types
and conditions, including moderately alkaline soil, shallow soil and moderately acid or infertile soillJ RACHIE
and ScHMID 19550 The feeding value of L. corniculatus is almost equal to that of Medicago sativa .1 alfalfall
0 Seaney and Henson 197000 However, L. corniculatus has a number of undesirable characteristics which need
to be improved. These are lack of seedling vigor, pod shatteringU dehiscencellcaused by indeterminate flowering,
and the presence of hydrocyanic aciddd HCNU in the leaves and stemsl MACDONALD 1946 ; O’ DONOUGHUE and
GRANT 1988L] Modification of undesirable traits, however, has been hampered by breeding behavior and genetic
nature of the species. L. corniculatus is largely an outcrossing species and the characters are mainly inherited
tetrasomicallyl) Dawson 19411  In general, there has been increasing interest in the potential use of tissue
and cell culture in generating new genetic variabilityl] LARKIN and ScowcROFT 1981 ; BAJAJ 199001

0 O Plant regeneration from L. corniculatus calli was established in an anther culture study by Nuzeki and GRANT
019710 The plant is easy to regenerate from callus culture through both organogenesisd SWANSON and TOMES
19800 and somatic embryogenesist] MARIOTTI efal. 198400  Plant regeneration from the protoplast-derived calli
of L. corniculatus has also been reportedl] AHUJA ef al. 1983 ; WEBB et al. 198701 The cultivar Viking produces
calli from protoplasts with a high potential for regeneration through adventitious budst Nuzeki and SAITo 19860
U Figure 10

Somaclonal Variation

0 O Plants regenerated from tissue or cell culture are considered as the clones of the tissue or cell donor.
Generally, in one or more of the traits among the clones, there was variation which was termed somaclonal
variation by LARKIN and ScowcroFTU 19811 Somaclonal variation has been found in forage legumes regenerated
from cell culturel GROOSE and BINGHAM 1984 ; JOHNSON et al. 1984 : PEzzOTTI et al. 1985 ; BINGHAM and McCoy
1986 ; VESSABUTR and GRANT 199501 This variation may be used in breeding programs because the variants
often occur at higher frequencies than from chemically induced mutagenesistd GAvALI et al. 198711 Regenerated
plants from L. corniculatus, an outbreeding leguminous forage crop, have proved to be suitable for the evaluation
of somaclonal variation in morphological and agronomic traits and for comparison with those of a seed-produced
populationd see Table 100 Extensive work on the cytogenetic, molecular genetic, and morphological variations
in regeneranted plants of L. corniculatus from single protoplasts has been carried by Nnzeki and coworkers
U Nnzeki et al, 1990b, 1991, 1994a, Nuzeki 1993, 1996 ; Nuzekl and KODAIRA 1994L]  The results indicated
that Southern blots of the mitochondrial DNAO mtDNAUusing mitochondrial genes showed some novel fragments
found among the protoclones. However, the novel fragments were the same as those fragments found in the
polymorphism of the seed-derived population. On the other hand, Southern blots of the chloroplast DNALD cpDNAU

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.5 : 23 — 32, 2003
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Fig. 1. Isolation and culture of protoplasts of birdsfoot trefoil, cv. Viking. a. Isolated
protoplasts. b. Initiated cell division which was observed within 7 days of culture.
c. A formed cell cluster which was observed 10 days after addition of fresh medium.
d. A colony composed of numerous cells after 1 month of culture. e. Calli formed
for a period of 1 month after transplantation of colonies to the callus culture medium.
f. Shoot formation at 1.5 months after transplantation of calli to the regeneration
medium. g. Complete plantlets which were obtained about 6 months after the
initiation of protoplast culture. Bars represent 20U m.
Table 1.0 Summary of the work on somaclonal variation in Lotus corniculatus L.
Cultiver Explant or tissue used Somaclonal variation Reference
Leo Internode-derived calli 2, 4-DU 2, 4-dichlorophenoxyacetic acidl*+tolerant calli SwansoN and ToMEs
and regenerated plants 0 19800
Leo Internode-derived calli 2, 4-D-tolerant callus, suspension culture lines and Swanson and ToMmEs
regenerated plants 0 19830
Leo Internode-derived calli Chlorophyllous callus SwaANsoN et al.[1 19830
Franco Calli Agronomical traits such as plant height, dry matter Damiani et al.0] 19850
yield, etc.
Leo Hypocotyl-derived calli Tolerant suspension calli and regenerated plants for MacLEaN and GRANT
2, 4-D and chlorosulfurond 2-chloro-N=LT] 4-methoxy-6 =~ 0 19870
-methyl-1, 3, 5-triazine-2-yllJ aminoU carbonylO
-benzenesulfonamide
Leo Protoplasts of leaves Morphological chracters WEeBB et al,l] 19870
Franco Leaf-derived calli Morphological and agronomical traits such as leaflet Damiani et al.0] 19900
width and seed yield
Viking Plotoplasts of calli Chromosome structure, agronomical traits and HCN Nnzeki et al,00 1990b0
content
Leo Protoplasts of root hairs  Plant height and stem number RasHeeD et al.l] 19900
Leo Hypocotyl-derived calli Torerant plants for sulfonylurea herbicide Harmony PoreLis et al.0] 199200
U DPX-M6316 3=[1T] 4-methoxy-6-methyl-1, 3, 5,
-triazine-2-yld aminol carbonyll) aminod sulfonyl-2
-thiophenecarboxylatel
Viking protoplasts of calli Mitochondrial and chloroplast genome banding pattern NuzexkiJ 199601

of Southern blot analysis
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by using chloroplast genomic DNAs showed that there were few variations among protoclones. In regard to
the nuclear genes, there were no variations in Southern blots when using a small subunit of ribulose bisphosphate
carboxylaseld RuBisCOL phenylalanine ammonia-lyase, and ribosomal DNA as probes. However, there was
a considerable variation in traits such as plant height and stem diameter, which may be regulated by polygenes.
Abnormal meiotic configuration such as univalents, lagging chromosomes, fragments, and bridges were frequently
obsereved in the pollen mother cells and these tended to be related to low pollen fertility. Because very few
physiologically and morphologically abnormal plants were found in the protoclonal population, the mutation of
major genes is probably very rare and chromosomal aberrations may occur in that part of the heterochromatin
which lacks genetic activity.  However, the possibility still exists that plants containing mutations in major
genes or with chromosomal aberrations in part of the euchromatin are eliminated during acclimatization. Variation
in gquantitative characters was inherited by the progeny and the elimination of abnormal chromosome configurations
resulted in the recovery of plants with high pollen fertility. Therefore, the practicality of a breeding program
for quantitative characters including seedling vigor and low HCN by using protoclones in L. corniculatus is affirmed
and recomended.

0 O One obvious strategy for the use of somaclonal variation is to introduce the best available varieties into
cell culture and to select among regenerated plants or their progeny for inclemental improvements over existing
varieties.  Hence, the technique could be used to uncover new variants that retain all the favorable qualities
of an existing variety, while adding one additional trait, such as discease resistance or herbicide resistance.
For example, in L. corniculatus SWANSON and TomesUl 1980, 19830 showed the resistance to a herbicide of 2,
4-dichlorophenoxyacetic acidd 2, 4-DO O Table 100 While this technique can be used to select and propagate
mutant cells and even give rise to tolerant plants, these are often epigenetic and are sometimes unstable.
In species that are normally vegetatively propagated, however, this strategy has much to recommend it.

Somatic Cell Hybrids

0 O The hybridization of distantly related species by protoplast fusion has been a practical tool for removing
the barriers of incompatibility in sexual crossing of agriculturally important plant species. To date, there have
been a limited number of reports on successful hybridization between leguminous speciesl] SANO efal. 1988 ;
Nizeki and SAITo 1989 ; KIHARA etal. 1992 ; KAIMORI etal, 199800 In addition, agriculturally useful hybrid
production has been very difficult, since there is an imbalance in the genomes of the parents in most cases
and results in the rearrangement or partial elimination of the chromosomes of one parent and an incapability
to achieve morphogenesisd KAo 1977 ; CHIEN efal. 1982 ; SALA etal. 1985L] However, some successes in
asymmetric protoplast fusion based on the complementation of X-ray-or Y -ray-irradiated and iodoacetamide
O I0ACHreated protoplast have been reported of leguminous speciest! SIDOROV et al. 1981 TANNO-SUENAGA ef
al. 1988 ; SAKAI etal. 1996 ; HAUSEN and EARLE 1997 ; LIu etal. 1999L]

0O O Wright et al.l1 19870 were the first to produce somatic hybrid plants in the genus Lotus in an attempt to
transfer the seed pod indehiscence of L. conimbricensis Willd. into L. corniculatus, as the species are sexually
incompatible. L. corniculatus hypocotyl protoplasts were inactivated with IOA to inhibit cell division prior to
fussion with L. conimbricensis suspension culture protoplasts. L. conimbricensis protoplasts divided to form callus
which did not regenerated plants. Thus, plant regeneration from protoplast-derived callus was used to tentatively
identify somatic hybrid cell lines. Plants regenerated from three cell lines exhibited additive combinations of
parental isozymes of phosphoglucomutase, and L. conimbricensis specific esterases indicating that they were somatic
hybrids, but chromosome numbers were variable and the hybrids were both male and female sterile. Aziz et
al.00 19900 attempted to combine L. corniculatus and L. tenuis Waldst et Kit. A cell suspension of L. tenuis
was established, as a source of protoplasts, from kanamycin resistant callus derived from roots transformed by
Agrobacterium rhizogenes,  Such protoplasts were treated with a sublethal dose of sodium iodoacetate prior to
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their electrofusion with green cotyledon protoplasts of L. corniculatus.  Putative somatic hybrid colonies were
selected on medium containing kanamycin sulphate.  The hybridity of plants regenerated from these selected
colonies was confirmed by their morphology, esterase banding patterns, the presence of condensed tannins in
leaves and stems, and chromosome complements, while plant fertility has not been reported. NIizEKI and coworkers
have also produced three asymmetric somatic hybrid calli and plants of L. corniculatus by protoplast fusion with
Oryza sativa .0 rice, strain A58 Glycine max[ L. Merr.1 soybean, cv. HarosoyUand Medicago sativa .0 alfalfa,
cv. Rangelanderd as follows. ~ Asymmetric hybrid calli, which have only the nuclei of L. corniculatus, were
produced by protoplast fusion between rice and L. corniculatus, and analyzed for their mtDNA and cpDNAL Nnzeki
etal, 1992a ; NAKAJO and NNzeki 1995 ; NAKAJO etal, 1994L] In the hybrid calli, novel mtDNA fragments
were detected in Southern blot analysis.  This result shows that some kind of alteration such as intergenomic
and/or intragenomic recombinations of mtDNA occurred in the hybrid calli.  On the other hand, the cpDNA
fragment patterns of all hybrid callus lines observed by Southern blot analysis were found to be identical with
those of L. corniculatus. Thus, it is suggested that the cpDNAs of these hybrid calli sorted out unidirectionaly.
Some regenerated plants from the hybrid calli were tolerant of low temperatures and low sunlight intensity.
Also, in order to produce asymmetric hybrids containing a complete L. corniculatus nuclear genome and a small
part of a soybean nuclear genome, or cybrid containing only a L. corniculatus nuclear genome, I0A-treated
protoplasts of L. corniculatus were fused with X-ray-irradiated soybean protoplastsl] KIHARA et al. 1992 ; NIZEKI
etal, 1990a, 1992b, 1994bll  Peroxidase isozyme and karyotypes of calli obtained from the protoplast fusion
elucidated the hybridity of some of the calli.  Plant regeneration from the asymmetric hybrid calli was also
successful, but regenerated plants did not show the hybridity as a result of analysis of peroxidase isozyme.
This may be caused by the complete elimination of soybean chromosomes. The morphology of the regenerated
plants resembled that of L. corniculatus derived from parent calli. However, the regenerated plants were usually
teratologicaly an erect type in contrast to the creeping type of normal L. corniculatus. In the other experiment,
donor protoplasts of alfalfa were given lethal dose of X-irradiation and recipient protoplasts of L. corniculatus
were inactivated with IOA. Donor and recipient protoplast were fused with polyethylen glycolld PEGL KAIMORI
etal. 1998 ; Nnzeki 20010  Fusion products initiated cell division and resulted in calli, some of which have
a high capacity for plant regeneration. Many hybrid calli cultured for 1 month were found to have isozymes
indicating the banding pattern of one parent in some isozymes and that of another parent in others. These
facts may suggest that chromosomes or chromosome segments of both parents may be eliminated randomly
at the early stage of callus culture.  However, most of the banding patterns had altered to those of the L.
corniculatus in 2 months of culture.  Therefore, the number of calli having the chromosomes of both parents
seem to decrease and most of the calli had chromosomes of L. cormiculatus.  This may indicate that callus
cells with L. corniculatus genomes rapidly came to be selected as dominant. Shoot regeneration did not occur
from the symmetric somatic hybrid calli of L. corniculatus and alfalfal Nizeki and SAITo 1989 ; NuzeEKI et al,
198900 This fact might be attributed to the imbalance of L. corniculatus and alfalfa nuclear genomes or incomplete
genome of alfalfa, some of which chromosomes were eliminated after protoplast fusion. These results indicate
that most of the alfalfa chromosomes irradiated by X-rays degenerated during subcultures.  Accordingly, it
may be possible to regenerate the shoots from the calli derived from asymmeric hybrids with X-ray-irradiated
donor protoplasts, while regeneration of novel shoots is not likely from symmetrical somatic hybrids carrying
complete chromosomes of both parents or some chromosomes of one parent. Isozyme and Southern blot analysis
indicated that some hybrid calli had nuclei of L. corniculatus and chloroplast genomes of alfalfa.  This fact
proved that the calli obtained were real asymmetric hybrids. The recalcitrance in shoot regeneration by the
calli may be caused by the imbalance in morphogenetic potential of the nucleus and chloroplast genome of the
two species concerned. However, improvement or modification of the culture media may provide a breakthrough
for regeneration of novel plants.

0 O Somatic hybrid cell lines between two leguminous species, soybean and hyacinth bean, were obtained by
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SANO et al[119880 In attempts to use the leguminous species for protoplast fusion, hybrids obtained between
L. corniculatus and soybean or alfalfa as mentioned above. These results, which may represent one of the
few successful cases of wide hybridization of leguminous species, show the possibility of obtaining somatic hybrids
in leguminous species in addition to those reported in the Solanaceae and Cruciferae species. However, even
in species in the Cruciferae, mail sterility or low fertility has often been found in interspecific somatic hybridization
O KIRTI etal. 1992 ; LELIVELT and KReENs 199201 HauseN and EARLEL 199701 suggested that one reason for
low fertility may be alloplasmic male sterility caused by incompatibility between the nucleus and the cytoplasmic
genome, whereas NOTHNAGEL et al.l1 19970 indicated that backcrosses with one parent may become a useful
tool in overcoming the male sterility or low fertility in some cases of Cruciferae. Somatic hybrids of L. corniculatus
and another leguminous species also showed male sterility, so that no seed was obtained.  Thus, from the
point of view of plant breeding it may be also worthwhile to attempt to backcross somatic hybrid with one
parent in these leguminous species. Indeed, progeny of a somatic hybrid of birdsfoot trefoil and rice was obtained
when the somatic hybrid was backcrossed with birdsfoot trefoil as pollen parentd unpublished datall

Genetic Transformation

0 O L. corniculatus is herbage legume which readily regenerates plants in culture and amenable to transformation
by Agrobacterium tumefaciens and A. rhizogenes which induce crown gall and hairy root, respectively. These
qualities make it particularly suitable species for testing genetic manipulation strategiesl] ARMSTEAD and WEBB
1987 ; CHRISTOU 1994 ; TABAEIZADEH 1989 ; AKASHI et al. 1998bL] Bacterial genes of 4. rhizogenes transferred
into the plant induce the growth of distinctive roots at the infection sitel]l TEPFER 198401 In culture, these
roots exhibit characteristic traits. They continue to grow without a supply of exogenous hormone supplements,
they are negatively geotropic, they produce opines and they are cytologically stabled AIRD 198801 Regenerated
transformed plants from hairy roots had the associated hairy root phenotype. In L. corniculatus, this transformation
resulted in only minor morphological effects, mainly in flower morphology, but this significantly reduced fertility
UPETIT etal. 1987 ; WEBB efal. 1990, 1994a, cll No adverse effects, however, have been found on the plant
nitrogenase levels or on their ability to fix nitrogend PETIT ef al. 1987 : WEBB et al. 1990L] Thus, such regenerated
plants have proved especially of genes involved in nodulation.

0 O Recently, a new continuous culture system of super-growing rootsU super rootst has been reported in L.
corniculatusU] AKASHI et al, 1998L1  More than three years after initiation, the super roots continue to grow
at the initial high rate, are readily cloned from secondary tips and easily regenerate plants upon transfer to light.
The complete system, from primary root culture to plant formation, works without a need for exogenous hormones.
AKASHI et al. 1200000 reported the isolation and culture of protoplasts from the long-term culture and the
regeneration of plants from super root-derived protoplasts. Regenerated plants appeared morphologically normal
and were able to undergo nodulation when infected with Rhizobium loti. Transformation with nod genes, combined
with the possibility of re-establishing super growing root cultures from transformed tissues and regenerating
plants under hormone-free conditions may provide a perspective for future nodulation research.

0 O Successful genetic transformation of any plants involve not only the production of primary transformants
showing stable expression of inserted genes but also the inheritance and continued expression of those genes
in subsequent generation. However, there is an increasing awareness that newly inserted genes can be silenced,
not only during the life time of the primary tranformants, but also in their progenyld FINNEGAN and MCELROY
1994 ; ULIAN et al, 1994001 A. rhizogenes was assessed as a vehicle for transformation of L. corniculatus0] WeBB
etal 1994a, bl Plants were co-transformed using 4. rhizogenes strain LBA9402 harboring the bacterial plasmid
pRi1855 and the binary transformation vecter pJit73. pRi1855 tranfers both T. and Tr sequences, while pJit73
encodes B -glucuronidased GUSO and also two selectable marker genes giving resistance to the antibiotics,
kanamycinO nptll gene and hygromycinO aphlV genell Two primary transformantsU line 6 and 120 were
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resistant to hygromycin and showed a significantly lower GUS activity in line 6 than in line 12 in various
tissues.  Genetical analysis of progeny produced by lines 6 and 12 indicated that line 6 had one dose
of the uid genell GUS genel] while line 12 had two or more independently segregating doses of the gene.
Both line 6 and 12 contained multiple copies of T.-DNA, while only line 6 was Tr positive. In the progeny
of lines 6 and 12 there was no evidence for linkage of T.-DNA with uid, while in the progeny of line
6, Tr-DNA was under-represented. ~GUS-positive progeny which were free of both T. and Tr sequences
were identified from both lines. Two out of six progenies of line 6 contain uid gene but do not have
detectable GUS activity, although in one of them the tissue are resistant to hygromycine. This suggests
that there is silencing of GUS activity in some of the progeny of line 6. The other case of gene silencing
was found in L. corniculatus plants transformed with a maize cDNADO GILU encoding a sulphur-rich y -zein
obtained by using two fusion genes : one with the CaMV 35S promoter, the other with the RuBisCO small
subunitd rbeSO promoterd Belluci et al. 199901  The highest expression of GIL mRNA was found in plants
transformed with GIL under the rbcS promoter. The steady level of GIL mRNA in the leaves was generally
directly correlated with the GIL copy number. However, due to a transcriptional block, no GIL mRNA
was detected in some of the 35S-GIL multicopy transformants. Analysis with methylation-sensitive restriction
enzymes reveald that the T-DNA of the silenced 35S-GIL transformants was methylated. The presence
of the transgenes is important, but the goal is the predictable and reliable expression of the introduced
genes in the required tissues and those of progeny. Up to now, even the influence of the number of
copies of the transgenes and their positions in the Lotus genome on their expression is not yet clear.

0 0 End products of the phenylpropanoid pathway are important characters in forage crop quality. One
example of this class of compound is condensed tannins which are characterized by their ability to react
with proteins to form stable tannin-protein complexes. Condensed tannins are considered to be the effective
anti-bloat agents in forage legumes of L. corniculatust] SARKAR and HOWARTH 1976 ; JONES and LYTTLETON
19710  Root culture of L. corniculatus transformed with A. rhizogenes grew rapidly in liquid medium when
cultured in the dark and produced large numbers of shoots when illuminatedd MorRIs and RoBBINS 1992L]
The shoots, which could be regenerated to produce some fertile plants were maintained in liquid medium as
shoot-organ cultures. The accumulation and cellular distribution of condensed tannins incraesed at ratio equivalent
to control plants. Condensed tannin accumulation was linearly related to root growth and had a similar spatial
distribution in tannin cells in roots and leaves compared to control plants.

0 O On the contrary, it is also important to explore the possibility of decreasing the levels of condensed tannins
in crop species using antisense technologyll RoBBINS ef al, 1998L] Lowering the amounts of condensed tannins
in animal feedstuff is important both for ruminant and nonruminantl monogastricU livestock. At high levels
0030 4% dry weightl tannins in forage and fodder are deleterious for use with ruminants and such levels
reduce both paratability and nutritive value. Transgenic L. corniculatus plants harboring antisense dihydroflavonol
reductasel] AS-DFROsequences have produced and analyzed[] CARRON ef al. 1994 ; ROBBINS et al. 1994 ; ROBBINS
etal, 199801 In initial experiments the effect of introducing three different antisense Awntirrhinum majus L. DFR
constructs into a single recipient genotypel] S500was assessed. There were no obvious effects on plant biomass,
but levels of condensed tannins showed a statistical reduction in leaf, stem, and root tissues of some of the
antisense lines. In subsequent experiments a detailed study of AS-DFR phenotypes was carried out in genotype
S33 using pMAJ20 an antisense construct comprising the 5' half of the 4. majus cDNAL In this case, reduced
tannin levels were found in leaf and stem tissues and in juvenile shoot tissues. Analysis of soluble flavonoids
and isoflavonoids in tannin down-regulated shoot tissues indicated few obvious default products.  However,
when two S33 AS-DFR lines were outcrossed, there was an underrepresentation of transgene sequences in progeny
plants and no examples of inheritance of an antisense phenotype were observed.

0 O Legume species characteristically accumulate phenylpropanoid phytoalexins under conditions of biological
stress such as pathogen attack, wounding, etc. A number of groups have used legume callus and cell suspension
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culture systems as models to study mechanisms controlling phytoalexin biosynthesis.  Several species have
been studied including alfalfald DALKIN efal. 199000 white cloverd GusTINE 19810 and French bean] ROBBINS
etal 19851 When 4. rhizogenes trasformed root culture of L. corniculatus were treated with glutathione, isoflavan
phytoalexins accumlated in both tissue and culture mediumC RoBBINS ef al. 1991 ; RoBBINS et al. 19951  This
accumulation of phytoalexins was preceded by a transient increase in the activity of phenylalanine ammonia
lyased PALO  Elicitation of PAL occurred throughout the growth curve of Lotus hairy roots and in different
sectors of transformed root material. ~ While some wokers have studied the action of elicitors in experiments
on whole plant material, experiments using disorganized legume tissue cultures are undoubtedly of value.

0 O A high frequency of transformation and regeneration protocol for L. japonicus has been achieved by utilizing
Agrobacterium-mediated hypocotyl transformationJ HANDBERG and STOUGAARD 1992 ; STILLER et al, 1997 ;
THYKJAER efal. 1995L]  Transgenic plants of L. japonicus were regenerated by hypocotyl transformation using
a bar gene as a selectable markerl Lohar et al. 200100 The bar encodes for phosphinothricin acetyl transferase
that detoxifies phosphinothricinll PPTO the active ingredient of herbicides such as Ignitel] AgrEvoll and Basta
U Hoechstll Transgenic L. japonicus plants resistant to PPT were positive upon PCR by bar gene-specific primers.
In five out seven independent lines tested, PPT resistance segregated as a single dominant allele indicating
a single T-DNA insertion into the plant genome. All regenerated plants were fertile and void of visible somaclonal
abnormalities contrary to 14% infertility when antibiotic selectable markers were used. The production of PPT
herbicide-resistant L. japonicus plants may have significant commercial application in crop production.
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Table 10 Dates of harvest and fumigation of each cultivar.

. Date of Storage Date of
Cultivar harvest period fumigation Place of harvest
Iwai Sept. 8 88 Dec. 6 Hirosaki University?
Akane Sept. 8 88 Dec. 6 Hirosaki University
Tsugaru Oct. 3 30 Nov. 3 Hirosaki University
Sekaiichi Oct. 9 45 Nov. 24 Aomori Apple Exp. Stay
Mutsu Oct. 16 50 Dec. 6 Aomori Apple Exp. Sta.
Delicious Oct. 27 30 Nov. 27 Aomori Apple Exp. Sta.
Orin Oct. 27 46 Dec. 13 Aomori Apple Exp. Sta.
Mellow Oct. 27 46 Dec. 13 Aomori Apple Exp. Sta.
Euji Nov. 6 43 Dec. 18 Aomori Apple Exp. Sta.

z : Fujisaki Farm of Hirosaki University

Y Aomori Apple Experiment Station

[mjaction wa've

C . s
Mezhyl romnide —-

—

Frhaus! vqive

#— Fump - '

L
Ty
s

SarpLing valve

Caonteir cr
-"-... '
__.f
r

,,-"-:_i‘ A4— Farmigat on chamber

i
4

Fig. 10 Illustration of apparatus for fumingation of apple fruit.
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Fig. 2U Effect of methyl bromide fumigation on oxygen and carbon dioxide
concentrations in sealed stylofoam box.
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Fig. 3U Effect of methyl bromide fumigation on the ethylene concentration in sealed stylofoam box.
Table 20 Effect of methyl bromide fumigation on the color of the flesh.
: : L value a value b value
Tissue Cultivar Cont MeBr Cont MeBr Cont MeBr
Inner Iwai 83.1 83.1 0293 0 3.55 17.2 18.0
Akane 79.6 77.89 0 0.95" 19.0 18.2
Tsugaru 83.4 81.6 0 2.49 03.33 15.7 18.7
Sekaiichi 83.0 82.5 0 2.75 O 3.00 16.7 16.5
Mutsu 80.5 815 0233 0301 19.7 20.9
Delicious 73.1 72.0 0 0.82 0 0.82 19.8 19.6
Orin 80.1 81.4 0291 0321 20.3 18.0
Mellow 81.9 81.8 0 3.97 0 4.13 21.4 22.1
Fuji 71.4 62.6°C 0154 0.96" 25.8 23.1

Outer Iwai 83.9 82.4 0 3.02 0 2.89 15.6 17.1
Akane 80.2 79.2 0.70 0 0.43 16.1 14.6
Tsugaru 81.0 83.0 018 0 3.03 18.4 16.5
Sekaiichi 82.3 815 0 2.66 0281 155 16.3
Mutsu 80.7 81.1 0 3.00 0 3.42 21.6 22.0
Delicious 77.5 76.2 O 1.00 0o0.72 19.7 18.9
Orin 80.3 81.4 0 3.32 0 3.43 18.8 17.0
Mellow 82.8 82.3 0 3.70 0 3.86 21.9 22.6
Euji 76.5 76.4 0 1.43 0174 23.7 24.0

DO significant at 5% and 1% level between control and MeBr by t-test.

Table 30 Effect of methyl bromide fumigation on the sugar and acid contents and flesh firmness.

Cultivar Sugar content0 BrixO Acid content0 %0 Elesh firmnessO Ib0

Cont MeBr Cont MeBr Cont MeBr
lwai 12.8 125 0.427 0.476 7.5 6.3
Akane 13.0 12.8 0.537 0.418 9.6 8.0
Tsugaru 14.8 14.3 0.188 0.220 9.1 9.1
Sekaiichi 121 12.8 0.189 0.247 10.9 13.1
Mutsu 125 125 0.421 0.413 10.9 11.4
Delicious 15.5 15.0 0.264 0.292 115 12.3
Orin 15.2 15.1 0.214 0.227 11.4 11.0
Mellow 12.9 13.0 0.336 0.369 11.9 11.5
Fuji 14.4 141 0.305 0.328 134 14.3
Significant difference was not detected between control and MeBr.
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Influence of Methyl Bromide Fumigation on the
Respiration, Ethylene Evolution and Internal Browning
of 9 Cultivars of Apples.

Yoshiaki OsaNnAl and Yoshie MOTOMURA

Department of Biofunctional Science, Faculty of Agriculture and Life Science,
Hirosaki University. 3 Bunkyo-cho, Hirosaki, Aomori 036-8561, Japan

SUMMARY

I [

00 Nine cultivarsC Iwai'," Akane’,” Tsugaru',’ Sekaiichi’,” Mutsu’,‘ Delicious’," Orin’," Mellow’
and’ Fuji’ Oof apple fruit was fumigated with methyl bromide by ordinary method for export of apple fruit,
and sealed in stylofoam box for 7 days at 0 O and then 8 days at 150 . In the box included with fumigated
fruit, carbon dioxide concentration was higher and ethylene concentration was lower than that included
with unfumigated fruit. Internal browning was observed only in fumigated® Fuji’, and even the fumigated
fruits were kept in a sealed box for 15 days in total, it was not appeared in the other cultivars. The
reason of the development of internal browning responded to methyl bromide fumigation, varied with cultivars,
should be investigated thereafter.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.5 :33—38, 2003
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Basic Research on Refregerated Storage of Food Materials Using
Storage Room Cooled by Snowl Yukimurol]

Shingo NAKAMURA, Takako HIRATA, Seiji MASUDA, Kyoichi OsaDA, Takahiro ToBA

Laboratory of Food Science

SUMMARY

0 O Various food materials derived from vegetable and animal were stored in both a refrigerated storage
room0 YukimurolUl using snow as refrigerating medium and an electric refrigerated storage room to develop
the gentlest storage method of food materials using snow. Among various food materials, the deterioration
of rootcrops and apples during cool storage in Yukimuro was slightly controlled compared with the storage
in electric refrigerated storage room.  The temperature in Yukimuro was not controlled in summer period.
Therefore, the refrigerated storage system of food materials using snow may be developed, if the temperature
will be maintained between 0 and 5 in all seasons.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.5 :39—44, 2003
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Table 1.0 Effects of carbon and nitrogen sources on growth
and PGA production with B. subtilis TAM-4

Carbon source® chg e%r(?mhl] PGDArﬁé?r?]letlon
Glucose 22.1 134
Fructose 11.6 22.1
Galactose 15 0
Saccharose 12.0 16.9
Lactose 0.2 0
Maltose 16.8 16.1
Xylose 104 2.0
_Glycerol 27 06
 Nitogen souree®” 5 00N g
NH.CI 22.1 13.4
NH:NO3 18.2 10.9
O NH4LSO4 10.3 12.6
NaNOs 16.5 2.5
KNOs 16.5 2.1
O NH.BHPO. 0 0
0O NH.E3COs 0 0
Urea 0 0
Peptone 6.8 5.4
Casamino acid 22.4 34
L-Glutamic acid 20.8 8.0

Cells were grown in M-medium containing carbon and
nitrogen sources as indicated.

ald NH.CIO 1.80 O was used as a nitrogen source.
b0 Glucosel 7.50 U was used as a carbon source.
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Table 0.0 Enhancement of PGA production by coexisting glucose
and organic acids with B. subtilis TAM—-4

Carbon source Cell growth PGA production
o200 U CFU/mIO U mg/mi0

Glucose 5.8x 10° 0

Citrate 2.4 10° 3.6
Citrate U glucose 1.5x% 10° 7.6
2-Oxoglutarate 6.0 x 10° 0.3
2-Oxoglutarate O glucose 7.8x 108 3.0
Succinate 2.2x 108 0

Succinate O glucose 3.5x 108 6.3
Malate 48x 10° 0.5
Malate O glucose 47x 10°® 3.0

Table 0.0 Effect of L-glutamic acid on PGA production with B. subtilis TAM—-4

with L—glutamic acid

without L—glutamic acid

Carbon source

0300 Cell growth PGA production Cell growth PGA production
0 CFU/mIO U mg/mid U CFU/mIO U mg/mi0
None 1.1x 10° 0 O O
Citrate 6.1% 10°® 7.3 2.4% 10° 3.6
2-Oxoglutarate 2.2% 10° 25 6.0 x 108 0
Succinate 1.3%x 10° 6.3 2.2% 108 0
Malate 3.6% 10° 3.0 4.8% 10° 05

Cells were grown in P-medium containing organic acid and L-glutamatell 3 0 Ufor 3 days

at 3000

Table 0.0 Effect of concentration of citrate and glucose on PGA production in the presence of

L—glutamate

Carbon source Cell growth CFU/mIO PGA producedd mg/mi0
ood Citrate Glucose Citrate Glucose

0.5 1.7x 10° 2.0x% 108 3.8 15

1.0 2.2% 10° 48x 108 7.1 3.6

2.0 6.1x 10° 6.0 x 108 7.3 5.8

3.0 2.4% 10° 9.8 x 108 3.8 5.7

5.0 4.6 % 10° 8.2 10° 1.0 5.8

Cells were grown in P-medium0U 100 mIT containing L—glutamatel 30 O

U0 NH.ClOO s000000000000O0C0O000
O4g0000000pPGAOODOOOOOOOOOOO
gboboooooboobmooooopcAODODnO
0000000000 pHOOOOODOO 650 PGAO
g4l 000000000 15mg/mO0O000

OoooooOooOooooso400000000000
pcALOODOODODODOODODOOODOOOOOOOOO
pcAOODOOODOOODOODOODODOODO
Ubatal M OO0O0OO0O0OOO0OOOOO0COCOOOODOODO
gooobodg pcADDOOOOO0OO0OODDOOO
00 pPcADOOOO1I0 10mg/mO0O PGAOOOOO
gobooboobboobodbrcADOODOO

doddoobooobuooobouooooboooog
dodooooo pcAUDODODODOOOOOOOOO
0000 Datald [

OPGAUDOOO gradient0 000000000 27010 0
doodooooobooooooooooboon pGA O
0000000 FRg 4000000000O00000O
100 7o0x 10400 0000000000000000O00O
OPGAOOOOMO7ox 1000 000000O00ODOO0O
OoooooOodPLCOOODOOOOOODODOOOO
O0OO0OCOTableDOOOOOODOOODOODODDODOOO
O000 3100 1380000000000 TahleO O
obOooooodoob pcAOOOOOOOO OO



Table O .0 Effect of concentration of L-glutamate on PGA production with citrate or glucose as

Effect of nutrient condition on PGA production

a carbon source

L-glutamate Cell growthd CFU/mIU PGA producedd mg/miU
ooo Citrate Glucose Citrate Glucose

0 2.4% 10° 5.4 % 10° 3.6 0

0.5 1.7 % 10° 1.0% 107 5.4 1.3
1.0 2.8% 10° 5.0x 107 6.7 2.4
3.0 4.3% 10° 6.0x 108 7.9 5.2
5.0 2.0%x 10° 4.4% 108 6.5 4.3
7.0 1.4x 10° 3.6 x 108 4.7 5.0
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Cells were grown in P-mediunt] 100 m IJcontaining citrate or glu c oséJ 2 U Uand L—-glutamate

as indicated.

Table O. Effects of amino acids on the PGA-production in P-medium containing various carbon

sources

Amino acids PGA producedl mg/mlO
0300 None citrate glucose citrate O glucose

None O 3.6 0 7.6
L-Glutamate 0 7.3 5.8 16.0
D—Glutamate 0.5 6.5 3.7 14.2
L-Aspartate 0.1 6.4 11.3 18.4
L-Alanine 0.4 47 0.8 6.6
D-Alanine 0.3 45 0.4 8.2
L-Glutamine 0 0.7 2.3 11.7

Cells were grown in P-medium containing various carbon sourcest 2 U
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Fig. 2L Time courses of growth, assimilation of carbon sources, and PGA production in P-medium containing various
carbon sources with B. subtilis TAM-4.

—e — : growth, —0 — : L-glutamate, —A— : PGA, —O — : citrate, —© — : glucose.
L-GludO0O pcAOOOODO pGADOODOOODOODO O B.subtilis IFO 33350 0000000000 (-GluO
00000oO000O0000000000000 (-GluO O0000o00ooooooooooooooooon
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Fig. 30 Changes in cell growth, pH and concentration of glucose and ammonia
with cultivation time in M-medium by B. subtilis TAM-4.
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Fig. 40 SDS-PAGE profiles of PGA obtained at different growth phases in M-medium.

Table O .0 Molecular weight, viscosity and composition of PGA produced at different growth

phases
Cultrue time Molecular weight?” Relative Polymer compositioid 0 O
0 hrD MW MW/Mn viscosity D-isomer L-isomer
0O x 1050

36 5.6 2.7 3.1 78.1 21.9

42 ad ad 4.8 79.1 20.9

48 6.7 3.8 4.8 79.0 21.0

54 O O 5.7 78.3 21.3

60 13.6 8.1 8.4 79.0 21.0

72 O O 12.3 77.9 22.1

84 14.6 13.2 134 7.7 22.3

96 16.8 12.3 13.8 77.9 22.1
PGAOODOOOOODD" starter” 000000000 0000000000000 CitrateD00000000
00140160 dgooobooooooooopcAbDDOOO
0000 B. subtilis TAM—-40 NH.CIO Glucose 0 O OO oooooo. -gubbobooooooooooooon
O I NH4GSO4OCitrate 0 O PGA DO denovoO O O OO oo pcAO0OOOOOOOOOOOO

UO00-Glul U000 GlucoseD U OO DOOUOPGAU —GuboobooooooooooooobopGAnO
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Table 0.0 Amino acid compositions of PGA obtained at different growth phases

Amino Compositiond O 0O

acids 36hr 42 hr 48hr 54 hr 60 hr 72hr 84hr 96 hr
Asx 0 0.1 0.1 0 0 0 0 0
GlIx 93.2 94.0 93.5 93.5 93.7 93.6 93.1 93.4
Ser 0.4 0.7 0.8 0.9 0.9 0.9 1.0 0.4
Thr 0 0 0 0 0 0 0 0
Arg 0 0 0 0 0 0 0 0
Gly 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.2
Ala 4.0 4.2 4.4 45 4.2 4.2 4.6 4.7
Pro 0 0.1 0.3 0.4 0 0 0 0
Val 0.6 0 0.1 0 0.5 0.5 0.6 0.6
Met 0 0 0 0 0 0 0 0
lleu 0 0 0 0 0 0 0 0
Leu 0 0 0 0 0 0 0 0
Phe 0 0 0 0 0 0 0 0
Cys 0 0 0 0 0 0 0 0
Lys 05 0.4 0.4 0.4 0.4 0.5 0.4 0.5
His 0 0 0 0 0 0 0 0
Tyr 0 0 0 0 0 0 0 0
GIx; Glu GIn

Table U .0 Effect of carbon sources on D/L ratio of PGA produced by B.subtilis TAM—4

Carbon source O O

Polymer compositiont 0 O

Medium L-Glutamic  Citric acid Glucose 370 300

acid DO L DO L
A 0 0 2.0 oood ooo
B 0 2.0 0 720 28 640 36
C 3.0 0 0 ooo ooo
D 0 2.0 2.0 720 28 570 43
E 3.0 0 2.0 790 21 570 43
F 3.0 2.0 0 730 27 760 24
G 3.0 2.0 2.0 830 17 790 21

Cells were grown in P-medium containing various carbon sources as indicated for 3

days and then PGA was isolated.

000000 promoter” DO OOO0OO0O0OOOOOO
000000 -GluO00O0p-GludL-AspdL-GInO O
0000 -GlubO OO pcAUO OO B. subtilis NO. 5E0
0 PGAD DO L-Pro0L~ArgU L-AspUL-Asn 0 000
godboooodobooooooooboooobog
TAM-4 0000000000000 220 . -GluO0O
PGAUO OO B. subtilis F-2-010 0 . -Glup-GluO O O
pcALOOOOU0O0OODOOOODODUOOOOOOOOOOO
gobodsmobodod -Glud O pcAOODOO
O -GguOoOooooboooboooooooooboo
ogobodgoobobooboobobooobooboo
000 TAM-40 0O 2-oxoglutaratel) malated succinate
O000000MmMNHLGs0,.00000000 PGAD
Uo000000b00ob0DO0Od GlucoseD OOODO PGA

OOoO0obOO0OO0O0b00O0OCitrate000O0O Glucosed OO
OOO0bOpcAODOOOOOCOOODOOOOODOGIucose
0000 indcucer O promoter U DD OOOOOOO
oooooooon

OoboboooopcAUODDOOPGALOODOOOOO
ooobobooTAM-400 mOODOOOODOOOO
oooboooooooooboooobooooboooo
OoooooooooboobD pGADOOOODOO
OboO0oO0oooooooooooooobooboDbo
pcAOOIDOOOOOOOOOODOOOOODOOOODO
gooboodoobarooboboooooooooooon
000000 pcAODOOOOOODOOOOOOOOO
cooboooooooooooooooooboooo
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Fig. 500 SDS-PAGE profiles of PGA obtained from different cultivation at 3711 Alor 301 BO
Cells were grown in P-medium containing D, E, F, and G as a carbon source for 3
0000 days, and then PGA produced was isolated.

D: citrate O glucose

E: glucose O L-glutamate

F: citrate U L-glutamate

G: citrate U glucose O L-glutamate

Table O .0 Effects of concentration of DON on PGA producetion, Y -GTP and polymer composition

DONO mMO Cell growth  PGA produced y-GTP activity Polymer compositiot] O O
0 OD660nmO U mg/mi0 U U/miO D-isomer L-isomer

0 19.5 10.8 1.33 77.3 22.7

0.1 11.2 5.8 0.63 77.7 22.3

0.3 11.9 6.7 0.25 76.5 235

0.5 10.0 6.8 0.01 77.0 23.0
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Fig. 600 SDS-PAGE profiles PGA produced in M-medium
000 containing DON at different concentrations.
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Effect of Nutrients used in Cultivation on Production of Poly-y —glutamic acid
and its Properties with Bacillus subtilis TAM-4

Hajime KUMAGAI, Takashi YOSHIDA, Tetuo OHMACI and Yoshihiro ASADA

Institute of Cell Biotechnology

SUMMARY

0 O When B. subtilis TAM-4 was grown aerobically in M-medium composed of glucose, NH.Cl, inorganic
salts and CaCOs, a large amount of polyUy —glutamic acidlll PGALO was produced. We found that PGA
was elongated with no change in the diastereoisomer ratio and in the composition of amino acids in the
molecule.

0 0 On the other hand, the bacterium was able to produce PGA from citrate, 2-oxoglutarate or malate as
a carbon source in P-medium which was composed ofll NH.[3SO., inorganic salts and without CaCOs.
Althought PGA was not produced by using only glucose or L—-glutamateld L-GluU as a carbon source, the
addition of glucose or L-Glu to the medium containing organic acids resulted in increasing synergistically
in PGA production. D-Glu, L-Asp and D, L-Ala also had a promoting effect. Futhermore, combination
of various carbon sources and/or L-Glu in media occurred change of ratio of D-isomer in PGA and molecular
weight of PGA. These results obtained suggested that nutrients used in cultivation regulated the productivity,
D/L ratio and molecular weight of PGA in TAM—4 strain.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.5 :45—55, 2003
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Changes in Contents of Ascorbic Acid, Total Phenolics, Chlorophyll and Carotenoid in
the Leaf of Sweet Basil O Ocimum basilicum L.O0 in Relation to Plant Growth

Koichi SAcal Tomoko SATO

Laboratory of Horticulture

SUMMARY

0O 0O This investigation was conducted to analyze the changes in contents of some components in a leaf
of sweet basilll Ocimum basilicum L.Oin relation to the plant growth and the change in the content of ascorbic
acid in the leaf under a room temperature after harvest. Results obtained are summarized as follows.
U 01. Content of ascorbic acid in the leaf at flowering stage was different in the leaf position on the
stem, and was the highest in the upper position.

0 0O2. Contents of ascorbic acid and total phenolics in the leaf increased with the plant growth until around
the emergence of flower bud, and then decreased. Chlorophyll content in the leaf decreased with the plant
growth.  On the other hand, carotenoid content was extremely low.

O 0O3. Content of ascorbic acid in the leaf decreased to about 20% of the content during the harvesting
time on the fourth day after the harvest under room temperature.

004, These results shows that a young leaf of sweet basil is a good source of ascorbic acid in the
aspect of nutritional value, and the harvest time is suitable just around the emergence of flower bud.
Also, some content of ascorbic acid is kept after the harvest.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.5 :56—59, 2003
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Molecular Phylogenetic Relationships in four Oxya species
[J Orthoptera : Catantopidael]

Yasuyoshi AIKAWA', Yoshikazu ANDO' and Yasuyuki SHIROTA’

1 Laboratory of Entomology
2 Laboratory of Evolutionary Biology

0 Received for publication October 18, 20020

Ontroduction

0 O Four species of rice grasshoppers, Oxya yezoensis, O. japonica japonica, O. chinensis formosana and O, hyla
intricata, occur primarily in paddy fields and grasslands in Japan. They are well known as pests of rice.
Although these species are similar in many morphological traits, they can be separated by the characters
of the male genitalia and female subgenital platel 4, 50

00O ZHu and Anpol 180 studied parthenogenesis in the first three species and demonstrated that O. yezoensis
had the lowest ability of parthenogenesis followed by O. chinensis formosana, whereas O. japonica japonica had
the highest ability.  Reciprocal interspecific crosses between O. yezoensis and O. chinensis formosana produced
fertile hybrids as did intraspecific crossesl] ANDO and ZHu, unpublished datall These observations suggest
that O. yezoensis and O. chinensis formosana are closely related to each other. Although some ecological features
of Japanese Oxya species are known, their phylogenetic relationships have not been well understoodd 190]
In this study, we investigated the phylogenetic relationships of four Japanese Oxya species by comparing a part
of the mitochondrial cytochrome oxidase IL COIUgene. In addition, we applied the second internal transcribed
spacerl] ITS20of the rDNA gene for analysing the closely related Oxya species of O. yezoensis and O. chinensis

formosana,

Materials and Methods

Insects

0 O We analysed four Oxya species including one subspecies : O. yezoensis, O, japonica japonica and O. j. vitticollis,
O. chinensis formosana, and O. hyla intricata. O, yezoensis is distributed predominantly in northeastern Honshu,
and found in limited areas in Hokkaido, southeastern Honshu, and Kyushul 4, 5, 100  O. japonica japonica is
primarily distributed in Taiwan, the southern part of the Korea peninsula, the southern part of China, India, Southeast
Asia, Hawaii and Japan. In Japan, it occurs in Honshu, Shikoku, Kyushu and the southwestern island chain.
O. chinensis formosana occurs in Taiwan, China and the southwestern island chain of Japan. O. hyla intricata
occurs in the middle and south part of China and tropical Asiall the east of Myanmarl In Japan, it is distributed
in the southwestern island chain, and the northern limit of its distribution is Okinawa IslandU 7, 4, 500  O.
Jjaponica is divided into two subspecies : O. japonica japonica and O. japonica vitticollis. ~ The latter occurs in
Melanesia, the east part of Republic of Indonesia, and the east part of Australiad 7L ~As mentioned above,
O. japonica japonica is distributed not only in Japan but also in many other countries. We thus analysed these
two subspecies derived from foreign countries to compare with Japanese O. japonica japonica population. The
collecting sites of the insects used are shown in Figs. 1 and 2. Three individuals were sequenced from each

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.5 : 60 — 67, 2003
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Fig. 1.0 Collection sites for four Oxya species in Japan. Fig. 2.0 Collection sites for two O. japonica
o : O, yezoensis, Y : O. japonica japonica, O : O, subspecies in Malaysia and Papua New
chinensis formosana, O : O. hyla intricata, Three Guinea. Y : O. japonica japonica, U : O,
specimens were sequenced from each collection J. vitticollis, One specimen was sequenced
site. from each collection site.

site, but only one individual in Kuchingl Borneo island : Malaysiall and Bulolol Papua New Guineall A total
of 38 specimens that had been preserved in ethanol at room temperature were sequenced.

DNA extraction, amplification and sequencing

0 O DNA was extracted from a hind leg of an adult or a nymph, or a whole first instar nymph. DNA extraction,
amplification, and sequencing were performed according to the method of OzAakl and OHBAYASHIL 111  We
collected and analyzed a region of sequence data from COI in all individuals, and from ITS2 in O. yezoensis
and O. chinensis formosana. Fragments of COl and 1TS2 were amplified by the polymerase chain reaction] 14L]
We amplified the COI fragment with sense strand primerd COIS ; 5 GGATCACCTGATATAGCATTCCC 3’0
and antisense strand primerd COIA ; 5’CCCGGTAAAATTAAAATATAAACTTC 3' 060 Likewise, the ITS2
fragment was amplified with primers ITS2-5.8SU 5 TGTGAACTGCAGGACA CATG 3 Uand ITS2-2850 5
ATGCTTAAA-TTTAGGGGGTAGTC 3 [1J 1201

Analysis of sequence

0 [0 Sequences were aligned by CLUSTAL WO 170and analysed by maximum parsimonyl! MPL] neighbor joining
U NJO and maximum likelihoodd MLL ~ MP analysis was performed with a PAUP computer software package
OPAUP version 3.1.100 160  Equal weighting and a weighting scheme of 1-3 for transitionsd TIO and
transversionst TV were used in this analysis.  The shortest tree was found with the heuristic algorithm.
NJ analysis was conducted with KIMURA’s two-parameter model to correct for multiple substitutionst 8L]  NJ
tree was constructed with NJ procedure in Phylogeny Inference Packagel PHYLIP version 3.573c ; 310 ML
analysis was performed with DNAML in PHYLIP. Bootstrap support was assessed for MP and NJ analyses
based on 1,000 replication, but only 100 replications for ML analysis because of computational limitations.
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Fig. 3. Nucleotide sequences of a 372-bp region of the COI gene.
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Dotes indicate the bases identical

with those of the first sequencel) Oy-stll Asterisk indicates bases identical to all the species ;
cross indicates parsimony informative sites. Oy : O. yezoensis, Ocf : O. chinensis formosana, Ojj

O. japonica japonica, Ojv : O. japonica vitticollis, Ohi
was observed in all populations except Oyama.

Results

COIl sequences and variation

0 O We collected 372bp of sequence data from COI in all individuals.

sequences.

variable in the 372-bp region, of which 44 were parsimony-informative.
in Table 1.

There were no insertions or deletions in this region.

: O, hyla intricata,

The sequence of Oy-st

Figure 3 shows the aligned nucleotide
Considering all the species, 73 sites were
The sequence divergences are shown

Intraspecific variation ranged from 0.00 to 4.75% and interspecific variation from 0.00 to 14.53%.
OO In O. yezoensis, the same sequence was obtained from all but the Tanabe population, and there were no
substitutions in the four northern populations including the Kikonai, Hirosaki, Tashirotai and Sado populations.
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Table 1.0 Kimural 19800s two-parameter distance for COI gene

species?U strains 2. 3. 4, 5. 6. 7. 8. 9. 10. 11. 12. 13.
1M0y-St 108 081 191 13 218 081 135 081 13.13 11.81 1321 1355
2[0y0 Oyama 1, 30 081 163 108 246 1.08 136 081 1348 1247 1355 13091
300y0 Hikone 20 1.08 054 191 054 054 000 1281 1150 12.88 13.23
4[0y0 Tanabe 10 054 181 108 163 108 11.83 11.16 11.90 1224
500y0 Tanabe 20 136 054 108 054 1249 1181 1256 1291
60y Tanabe 30 136 246 191 10.89 10.23 1095 11.92
7L0y0 Hita 1, 30 1.08 0.54 1217 1150 12.24 12.59
8¢/l Nishiharall 0.54 13.13 11.81 13.21 13.23
9[0¢fT Ishigakill 12.81 11.50 12.88 13.23
1000jj00 Joto 475 590 14.53
11[0ji00 Borneod 473 14.26
12L0/v0 New Guineal 11.97

13[RO Kunigamil

a Qy : O, yezoensis, Ocf : O. chinensis formosana, Ojj : O. japonica japonica, Ojv :
The sequence of Oy-st was observed in all populations except Oyama.

O. japonica vitticollis, Ohi :

O. hyla intricata.

Table 2.0 Frequency of nucleotide substitutiont % among 13 sequences

. Transition Transversion o
codon position Substitution rate
T/C AlG AT A/C T/G G/G
1st position 85.28 4.94 0.00 4.84 4.94 0.00 17.81
2nd position 43.94 19.45 36.38 0.00 0.23 0.00 411
3rd position 30.98 12.89 45.04 5.42 4.14 1.53 78.08
Overall 39.64 11.95 37.89 5.23 4.08 1.21 100.00
Table 3.0 Average base compositiond %0 of the COI fragment
. A C G T
codon position - - - -
Mean Min. O Max. Mean Min. O Max. Mean Min. O Max. Mean Min. O Max.
1st position 2419 23.39 025.00 18.32 16.94 0 19.35 32.49 33.87 032.26 25.00 23.39 026.61
2nd position 1256 12.10 0 12.90 35.60 35.48 [36.29 13.82 1371 01452 38.02 37.10 O038.71
3rd position 51.50 50.00 052.42 8.29 5.65 0010.48 3.23 1.61 0484 36.98 33.06 039.52
Overall 29.42 2876 130.11 20.74 19.35 02177 16.51 15.86 017.74 33.33 31.99 [134.68

Modes of substitution

0 O Most substitutions in the region of COI were found at the third codond Fig. 300 Considering all the species,

the position variance at the third codon was 78.08%.

On the other hand, the corresponding values for the

first and second positions were 17.81 and 4.11%, respectivelyll Table 200 ~ As in mtDNA of many other insects

02,9, 130 a high AOT content was observed in COI fragments of the Oxya species.

obvious in the third position of codons in which 88.48% of nucleotides were A or T.
positions showed a relatively low AO T content of 49.19 and 50.58%, respectivelyl] Table 300 The frequency
of different types of nucleotide substitutions in the first codon position was quite different : a strong T-C transition
bias was observed, even though nucleotides in this position did not show highly biased contentsU] Table 20
Among the nucleotide substitutions detected at this position, 76.92% were silent substitutions.

This tendency was

The first and second
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ITS2 sequences

0 O We collected 192bp of sequence data from ITS2 in seven groups of O. yezoensis and two groups of O.
chinensis formosana ; the population of O. yezoensis in Tashirotai was excluded because the data were not clear.
All individuals had the same sequence ; there were no insertions, deletions or substitutions Fig. 4L

Phylogenetic analysis

0 0O The molecular phylogenetic trees were constructed by the MP, NJ and ML methods. The phylogenetic
relationships were estimated without considering the geographic variation of O. yezoensis ; the sequences of O.
yezoensis had seven patterns but only differed in up to nine nucleotides. The results showed that O. yezoensis
and O. chinensis formosana were monophyleticl Fig. 51 Their relationships were supported by bootstrap analyses
O the bootstrap value was 100 in all the methodsll The O. japonica groups belonged to the same linage, and
O. hyla intricata was the most distantly related to the others. The phylogenetic trees estimated with three methods
were basically the same.
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Discussion

U O In the 372-bp region of COI sequence, there were 0.00—2.46% of sequence divergence between O. yezoensis
and O. chinensis formosana, whereas O. yezoensis had up to 2.46% of intraspecific sequence divergence ; interspecific
divergence of the two species was as match as intraspecific variation of O. yezoensis. Although some morphological
differences are noticed, these species can not be separated by COIl sequence data. We presume that these
two species have diverged from a common ancestor so recently that the nucleotide substitutions did not reflect
the morphological differences. The molecular data from COI sequences suggest that O. yezoensis and O. chinensis
Jormosana are genetically close to each other.  These two species are isolated geographicallyl) 400 but not
reproductivelyl] ANDO and ZHu, unpublished datall  The phylogenetic trees estimated in this article agreed
with the results of interspecific crossesld ANDO and ZHu, unpublished datall

00 By the sequence of ITS2, separation of O. yezoensis from O. chinensis formosana, or local populations of
O. yezoensis is not possible. The length of ITS2 sequence in these Oxya species is about 200bp.  This is
nearly half the length of that in Drosophilall 1501 It has been suggested that ITS2 sequences in some dipterans
and hymenopterans have changed relatively rapidly and may be useful for phylogenetic studiesd 1001  ITS2
sequence for closely related Oxya species is well conserved, and is not useful to separate these species or their
local populations in Japan. Although this region may prove useful in comparisons at the genus or subfamily
level, but its usefulness in Oxya remains to be questioned.

00O The O. japonica groups belong to the same linage. There were 17-21bp of nucleotide substitutionst] 4.73
—b5.90%0 among these groups. Considering that the sequence distances among the O. japonica groups did
not range so widelyl Table 10 these groups may have dispersed at a certain period. = More detail studies
are necessary to solve the problem of the dispersal and differentiation of O. japonica,

0 O The male genitalia of O. hyla intricata is short, stubby and weakly sclerotisedd 7, 500 whereas that of the
other species is long and strongly sclerotised ; especially in O. yezoensis, it is thick and robust. This character
in O. hylaintricata is unique among genus Oxya.  The molecular phylogenetic trees agree with a hypothesis
based on this morphological observation : the evolutionary direction in the genitalia is to sclerotise harder and
to increase in size.  Following this hypothesis, it appears that O. hyla intricata is the most ancestral species
and O. yezoensis is the most recently derived species.

0 O There remain some questions about the distribution of O. japonica and the relationships among closely related
taxa and local populations.  More suitable molecular markers than those used in the present study will be
necessary to answer to these questions.  Further studies along this line will help clarify the phylogenetic
relationships within the genus Oxya and may facilitate the ecological studies of Oxya species and local populations
in Japan.

Summary

0 O Four rice grasshopper species belonging to the genus Oxya are common in Japan : O. yezoensis, O, chinensis
formosana, O, japonica japonica, and O. hyla intricata,  In this study, nucleotide sequences of a 372-bp region
of the cytochrome oxidase subunit 10 COIUgene in mtDNA were used for constructing the molecular phylogenetic
trees of four Japanese Oxya species and foreign O. japonica species. The second internal transcribed spacer
O 1TSs20in nuclear rDNA was also sequenced to separate two closely related species O. yezoensis and O. chinensis
formosana,  The results indicated that these two species were closely related to each other, and O. japonica
and O. hyla intricata were distantly related to them. ITS2 sequences in O. yezoensis and O. chinensis formosana
were identical. These two species are related so closely that it was not possible to separate them using the
sequences of COl and ITS2. The molecular phylogenetic trees constructed were consistent with information
on the morphology and reproductive compativility in those species.
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The Amount of Discharge and Utilization of Agricultural
Wastes in Aomori Prefecture

Masami 1zumMIYA

Laboratory of Regional Resource Management

SUMMARY

U O The environmental standards in agriculture are becoming tighter in the world. Therefore, it is necessary
to find ways of reducing agricultural and food waste and a way of recycling them.

0O O This paper contains a case study of rice straw and apple cheese farming in Aomori Prefecture. The
amount of discharge and the utilization of them are clarified by analyzing the statistics.

U O As a result of the research, the following two points were clarified.

0 0 1. Before, most of the rice straw was burnt on the farmland. For a period of time, the burnt area
decreased and the amount of straw used to compost and animal feed increased. However recently these
amounts have decreased and more rice straw is left on the farmland to decompose.

U O 2. Most of the apple cheese was used as feed for farm animals. However, the amount used for feeding
farm animals is decreasing. It is increasingly being used as compost and soil conditioner.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.5 : 68—74, 2003
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The Mutuogawra Development Plan and Regional Agriculture
(1 from the Viewpoint of the Agricultural Colony Structurel]

Kenji AkiIMOTO and Kensaku KANDA

Laboratory of Regional Resource Management

SUMMARY

0 0 Rokkasyo Village is located in Kamikita-gun, Aomori Prefecture.  After World War Il, agricultural
and other development policies for the area failed repeatedly. The purpose of Mutuogawra development
plan, drafted in the late 1960s, was to create a large-scale industrial zone.

U O However, this area had previously been the site of an agricultural development colony. In order to
make way for the new development scheme, many of these settlers and their descendants needed to be
removed from their farms.

U O This report is divided into two sections. The first will provide an overview of agriculture in Rokkasyo
Village. The second will examine how the Mutuogawara development plan has affected agriculture in
Rokkasyo Village.

0 O The settler colony of Rokkasyo Village was formed after World War 1l in response to the food shortages
and severe unemployment that Japan faced in the aftermath of the war. However, in the years that followed,
the food situation in Japan improved. Then, even as Japan was taking steps to increase domestic food
production, there was mounting foreign pressure to liberalize Japan’s agricultural import policies.  This,
together with continued structural problems, contributed to a growing recession in Japanese agriculture.
The Mutuogawra development plan emerged at this time.

U O In Aomori Prefecture as a whole, the ratio of the rice cultivation is high. In Rokkasyo Village, however,
the ratio of dairy farming is high.  Although the productivity of land in Rokkasyo Village is low and
the agricultural sector throughout Japan was experiencing recession, farmers were still taking steps to
improve. Expansion of the scale of dairy operationsU land and herd sizel] land reclamation efforts, and
improvements in dairy farming management methods were leading to higher labor productivity and growing
optimism about better profit margins.

U O Despite these improvements, the Mutuogawra development plan was forced upon the area, leading to
the extinction of the farms of many of these colonists, not to mention the negation of years of hard labor,
newly developed farming skills, and considerable investment. Had these colonists been allowed to continue
to farm, the area could very well have become one of Japan's foremost dairy farming districts.

U O Moreover, it has proven difficult to harmonize the agricultural activities of those farmers who were
allowed to remain with those of the nuclear fuel recycling facilities which eventually came to constitute
the core of the Mutuogawra development project.  These remaining farmers are increasingly concerned
that possible environmental degradation and the psychological effects on consumers will threaten the future
of what agriculture remains in Rokkasyo Village.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.5 : 75—90, 2003
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