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Somaclonal Variation as a Tool for Plant Breeding and Genetics

Minoru NIIzEKI and Zhongen LU
Laboratory of Gene and Genetic Systems

0 Received for publication September 24, 20030

Introduction

0 00 One approach of plant cell and tissue cultures seems to be feasible in their application to crop improvement.
Callus and cell cultures allow for rapid clonal multiplication and selection of desirable genotypes among
the increased genetic variations which promise a considerable contribution to the plant breeding program.
0 O It has been reported by a number of investigators using different species of plants that the callus tissues
and the cultured cells sometimes may alter their chromosome numbers to produce polyploid cells, or cells
with chromosomal aberrations such as pseudochiasmata, chromosome breaks, reunions, anaphase bridges
and fragments. Some of the studies in which such considerable chromosomal variations were observed
in the cultured calli and cells are those in Haplopappus gracilis0 300 Nicotiana tabacum and N. alataU 420]
N. tabacum, Triticum aestivum and T. dicoccumU 480 and T. monococcum, T. aestivum, Glycine max and Melilotus
alball 2001 Furthermore, some of the regenerated plants from callus tissues and cells possessing such
chromosomal variations indicated various chromosome numbers, such as polyploid and aneuploidd 35, 4201
OO0 In the case of anther culture, from which the production of haploid plants are expected, frequent
occurrences of polyploid plants as well as haploid plants were also reported in Oryza sativd]d 4000  In addition,
Tulekell 56, 570 observed an occurrence of polyploid and aneuploid cells in a culture of haploid calli obtained
from the pollen grains of Ginkgo biloba.  Thus, chromosomal instability in the callus and cell culture may
likely be such a common characteristic that it may be considered as an important problem, when the callus
and cell culture technique is applied to crop improvement.

0 O It has been noticed that plants regenerated from somatic cells via tissue and cell culture are not genetically
identical but express genetic variability.  While it has been debated whether this somaclonal variation
is the result of pre-existing genetic differences in somatic cellst] 490 or is induced by specific components
of the culture mediumU 250 the literature suggests that both sources contribute.  Somaclonal variation
can be used to recover at high frequency genetic variability in specific existing crop varieties. Based on
the unique genetic events and the current breeding applications, this review outlines the present understanding
of the genetic basis of this technique and defines the advantages and disadvantages of somaclonal variation.

10 Variation of chromosomes in cultured tissues and cells in Nicotiana spp.

0 O The question arises as to how the polyploidy, aneuploidy and various chromosomal aberrations originate
in the cultured calli and cells. There is evidence that single—celled clones initially diploid, or tetraploid,
may increase in ploidy during the course of culture. Cooper et al.J 500 examined cytologically the clones
of tissues of single—cell origin, isolated from the crown gall callus of Nicotiana tabacum which was previously
grown on a medium supplemented with a —naphthylacetic acid] NAAL coconut milk, 2,4-dichlorophenoxyacetic
acidl 2,4-D0 and calcium panthothenate for eight years. Chromosome count revealed numbers of 48, 96,
and 192 in the clones. On the other hand, Torreyl] 540 observed that when seedling roots of Pisum sativum
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Fig. 1.0 Somatic chromosome numbers in the first subculture of callus
tissues induced by anther culture of Nicotiana tabacum U cv.
Wisconsin 38, 700 2400 Medium A: No growth regulator, Medium
B: 4 mg/l kinetin, Medium C: 4 mg/l 1AA, Medium D: 2 mg/I
kinetin and 2 mg/l IAA. All media contained Miller's basic
mediumU 1963

were cultivated on a medium containing yeast extract and auxinO 2, 4-DUJ or kinetin, callus tissues were
predominantly composed of the tetraploid chromosome number even though the initial tissues were from
roots known to consist of cells with diploid chromosome numbers. On a medium containing a mixture
of vitamins, amino acids, amide and urea, the entire population of cells remained diploid. These findings
suggest that the causativeness in the widespread occurrence of polyploidy in the cultured calli and cells
may be preferential promotion of division in polyploid cells either arising during normal cell expansion or
being already present in the original explant and that this promotion may be a function of growth regulators
in the culture medium.

0 O Niizekid 310investigated the effect of four types of media containing or not containing growth regulators
on the chromosome numbers by using haploid calli induced by means of anther cultures of N. tabacunt] cv.
Wisconsin 380 Fig. 10  The occurrence of polyploid cells in the callus tissues was promoted by the media
containing indole—-3-acetic acidd IAAUOalone or IAA and kinetin in combination. In addition, various kinds
of aneuploid cells were observed, especially in the callus tissues cultured on the medium containing both
IAA and kinetin.  Several types of aberrations of nucleus such as multinucleid multikaryont] micronucleus
and nuclear fusion were accompanied by the occurrence of the polyploid and aneuploid cells. On the
contrary, on the media containing no growth regulators or kinetin alone, the haploidy of the callus tissues
were maintained with the exception of a few aneuploid cells. The calli having cells of wide variation
in chromosome numbers, which were promoted on a medium containing both IAA and kinetin, were again
transplanted to the four types of media. The degree of polyploidization was further progressed on the
media containing IAA alone or IAA and kinetin in combination and some of them showed a count of as
much as 192 chromosomesU 8sL]  The frequency of the occurrence of aneuploid cells was also as high
as those of the first subculture. On the other hand, all cells in division were haploid and diploid in the
callus tissues on the media containing no growth regulator or kinetin alone.  No other cells of a higher
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Table 1.0 Frequencies of mitotic cells at meristematic parts of
callus tissues cultured on four types of media.

Days in culture

Medium type e 0 20
Medium A 0.2350 0.5390 0.3150
Medium B 0.235 1.201 0.587
Medium C 0.235 1.284 0.874
Medium D 0.235 1.390 0.890

Miller’s basic media containing or not containing the growth
regulators as follows : Medium A, no growth regulator ;
Medium B, 4 mg/l kinetin ; Medium C, 4 mg/l 1AA ; Medium
D, 2 mg/l kinetin and 2 mg/l IAAO

U at the time just before transplantation to subcultured

level of polyploid and aneuploid were observed. This result indicates that only haploid and diploid cells
among various polyploid and aneuploid cells undergo selectively to division under these medium conditions.
Thus, by using these appropriate media, it is possible to maintain or promote the cell division of desirable
chromosome number which may contribute to breeding programs.

00 About 1 to 2% 10° cells of meristematic parts of callus tissues were examined for mitotic frequencies
at the time just before transplantation and at two periods after 10 and 20 days of the 8th subculturell) 3201
The number of cells at the metaphase and anaphase stage in the cell cycle was shown as the relative
activity of the mitotic cell division in each callus tissue cultured on four different types of mediad Table
10  The calli cultured on the medium containing both IAA and kinetin showed the highest frequency
of cell division at both period of culture.  The cell division on the medium containing IAA or kinetin
alone was somewhat lower as compared to those on the medium containing both IAA and kinetin. The
lowest cell division was observed on the callus tissues cultured on the medium to which no growth regulator
was added. Most of the regenerated plants from the calli cultured on the media to which IAA was added
were haploids and the remaining were diploids, even though the callus tissues showed high polyploidization.
On the other hand, the callus cultured on the medium containing kinetin alone produced higher numbers
of dipolids and even tetraploids, although the calli did not show such high polyploidization as those on
media containing IAA. These facts suggest that the conditions which are favorable for high polyploidization
in the callus are presumably different from the conditions affecting the morphogenesis of higher levels of
polyploid plants.

0 O Haploid and diploid calli of N. tabacumU 2nJ 4800 and N. sylvestrisU 2n0 240 cultured on Miller's basic
mediumU 280 supplemented 2 mg/l of IAA and kinetin were maintained for three years by transferring to
fresh medium at intervals of about one monthO 38L]  Observation of chromosome numbers was carried
out on the calli at the first subculture and after long term cultures of three years. In the calli of N. tabacum
of the first subculture, the cells » and 2»n chromosomes occurred in the highest frequency on haploid and
diploid callus lines, respectively.  The calli cultured successively for three years, however, showed that
the highest occurrences of cells were 2» and 4n chromosomes in haploid and diploid callus lines, respectively.
Furthermore, wider chromosomal variations were observed in comparison with those of the first subculture
and chromosome numbers exceeding 300 were counted in a considerable number of cells in both haploid
and diploid callus lines. Therefore, it may be assumed that the high frequencies of chromosomal duplication
in the cells of calli are a conspicuous characteristic of this species in a long term culture. On the other
hand, in N. sylvestris the multiplication of chromosome numbers occurred frequently and revealed wide
chromosomal variations at the first subculture in both haploid and diploid callus lines. However, the cells
with 4n» chromosomes were observed about 60% after three years and the lower and higher levels of polyploids
than 4n were reduced in both haploid and diploid callus lines. Therefore, it is concluded that in N. tabacum
the chromosomal variations are increased in a long term culture, while in N. sylvestris the chromosomal
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Fig. 2.0 Frequencies of the cells with various chromosome numbers in haploid and

diploid calli of Nicotiana glutinosall 2n0 240 Basic medium of MillerC 19630
was supplemented with 2 mg/l IAA and Kinetin.

variations are reduced and led to the stable state at a certain chromosome number.

O O N. tabacum, N. sylvestris and F1 of their reciprocal crosses were compared with the attention on chromosomal
stability of callus tissuesd 39L1  The callus tissues of N. tabacum showed a considerable stabilization of
the original chromosome number, while a high frequency of the multiplication of chromosome numbers was
found in the calli of N. sylvestris.  Furthermore, the calli of N. tabacum X N. sylvestris showed considerable
chromosomal stability, while a high frequency of chromosome multiplication was observed in the calli of
N. sylvestris X N. tabacum.  therefore, it was suggested that the callus culture which is cytogenetically

stable state depends upon the plant species and that the chromosomal stability or instability in the callus
tissues may be controlled by a factor or factors in the cytoplasm of the callus cells.

0 O Haploid plants of N. glutinosall 2n0 240 were induced from anther culture.  Calli of haploid plants and
the parental diploid plants were induced from young stem cultures on the basic medium of Millerd 280
which was supplemented with 2 mg/l of IAA and kinetin. These obtained calli were thereafter subjected
to subcultures at intervals of about one monthUl 3301  Cytogenetical observations of the callus tissues were
performed after 10 days of the first or second subculturing passagesU Fig. 2, 3L]  The line of haploid

calli contained 22%, 22% and 6% of the haploidd »0 1200 diploid0 2»0 2400 and tetraploidd 4»0 480 cells,
respectively. The most remarkable characteristic of the calli of this species was the highly frequent
appearance of aneuploid cells such as 130 »0 10] 250 2,0 10 and 26U 2»U 20 chromosomes.  Especially,
cells with 13 chromosomes showed 22% of the same frequency as the original euhaploid cell with 1200 »J
chromosomes. In the diploid callus line 38%, 12% and 4% were diploidd 2,0 2400 tetraploidd 4»0 480
and octoploidd 8»0 96U cells, respectively. The occurrences of aneuploid cells were also significantly high
in this diploid callus line, especially 230 2x0 10 and 470 4,0 10 which were 30% and 8%, respectively.

Chromosome structural changes which showed dicentric chromosomes were observed as a special feature
in this diploid callus line. Cells with one dicentric chromosomes were most frequently observed, but
sometimes a few of the cells showed two dicentric chromosomes.  The formation of such chromosomes
in tissue and cell cultures is not a rare event and has been reported in several species] 20, 5100 Sunderland
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Fig. 3.l Changes in chromosome number and structure were found in haploid and
diploid callus lines of Nicotiana glutinosa. a: 13 chromosomes in haploid
callus line, b: Normal chromosome complement in the diploid callus line,
c. One dicentric chromosome U indicated by arrowl and 22 monocentric
chromosomes in the diploid callus line, d: One dicentric chromosomeé indicated
by arrowl and 46 monocentric chromosomes in the diploid callus line.

0510 interpreted the origin of this dicentric chromosome as the result of a breakage-fusion—bridge cycle
similar to that originally described by McClintockO 260 in maize.

0 O Because tissue cultures are useful in various types of study on genetics and plant breeding, further
research for conditions by which original genomes can be maintained and chromosome instability minimized
seems to be required. Especially, control is essential in the prevention of polyploidization of original cell
and tissue cultures because it plays an important role on somatic cell genetics and mutation research.

0 O The occurrence of polyploidy, aneuploidy and chromosome aberrations in plant in vitro are wide spread
phenomena.  The question arises as to how these phenomena originate in the cultured calli and cells.
It has been well established by many experiments that growth regulators such as auxin and cytokinin

play an important role in the polyploidization of cultured tissues or cellst 2, 6, 9, 10, 11, 29, 52L1  One
explanation of the occurrence of polyploidy in the cultured tissues or cells is the failure of cytokinesis in
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mitosis, which leads to cells of multinuclei which sometimes fuses into uninucleus at a later stagel 3001
Another possible explanation is endoreduplication, which involves chromosomal reproduction during the
interphase and is manifested by the presence of diplochromosomest 4-chromatidst] quadruplechromosomes
0 8—chromatidsU or polychromosomesU polytenyl 71~ The observation of the multinuclei in the study on
the haploid callus tissues of tobacco, however, agrees with the former explanation 31L1  The precise
mechanism by which growth regulators induce such a change, however, are not well understood. Stern
0 500 gave an interpretation involving the physiological events which surround chromosomal behavior in the
cultured tissues or cells. Factors which determine respiration, oxygen and energy utilization and which
have been invoked to explain different phases of mitotic and meiotic activity, may lead to abnormal chromosomal
behaviors.  However, the extent to which such ideas may be applicable to the observation made on the
cultured haploid callus tissues of tobacco remains to be seen.

00 The cultured calli were found not only to contain polyploid cells, but also to show, more or less
infrequently, chromosomal aberrations such as dicentric chromosomes and aneuploids.  Mitra et al.0J 290
observed dicentric and tricentric bridges in mitosis of cultured carrot cells.  Similarly, nuclei showing
pseudochiasmata, chromosome breaks, reunions and bridges were observed in suspension cultures of
Haplopappus gracilis by Mitra and Stewardl 3000  Torreyl 52, 53, 54, 550 in his studies on polyploidy in
pea root callus found that, in older cultures maintained on media containing yeast extract or kinetin, there
could be detected not only various degrees of polyploidy up to 12» but also aneuploidst especially around
4p0 10 and cells showing anaphase bridges, chromosome loops and rings.  Whether the mechanism for
the occurrence of such chromosomal aberrations and aneuploids are the same as those which have undergone
structural alterations as a result of treatment with irradiations or other agents which promote chromosomal
breakage is uncertain. It does seem, however, to be probable that division, and subsequent multiplication
of such aberrant nuclei, is promoted in culture medium containing growth regulators such as auxin and
cytokinin.

0 0O The frequencies of the metaphase and anaphase cells which may indicate the relative activity of the
mitosis and may be closely related to the rate of callus growth were significantly high on media containing
IAA as compared to those on medium containing no growth regulator or kinetin alone. The highest cell
division was observed in the callus tissues on medium containing IAA and kinetin in combination. Therefore,
it seems to be an incontrovertible fact that a condition such as the medium containing auxin such as IAA
enhances the growth of calli and simultaneously affects the variations of chromosome numbers. However,
it still remains unclarified as to whether the association of the rapid callus growth and the high chromosomal
instability depends upon a mere coincidence of two independent phenomena in a common environment or
has a certain cause and effect relationship in such a way that the higher callus growth strikingly give rise
to wider variations in the chromosome numbers.

0 0O The studyl 390 showed that the chromosome stability and instability of plant callus cultures depend
on plant species, especially a cytoplasmic factor or factors of the species. Although the nuclear behavior
of N. tabacum showed considerable high stability compared to N. sylvestris, N. tabacum did not show a sufficiently
stable culture and a considerable percentage of cells with multiple chromosomes and aneuploids were seen.
However, it may be still important to pay attention to the fact that some cultures of certain species actually
remain stable without any visible chromosome changes. For instance, Reinert and Kiisterl 450 observed
no variation in chromosome number after one year in cells derived from Crepis capillaris. ~ Sacristanl 460
also reported that in the same species 34.1% of the subcultures derived from the haploid plants and 78.5%
from the diploid plant maintained their original ploidy levels for more than a year.  Therefore, without
abandoning the idea further extensive investigations may be worthwhile in an attempt to achieve complete
chromosome stability in certain species.
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Table 2.0 Meiotic configuration and pollen fertility of seed—and protoplast-derived plants in Lotus corniculatus

Plant Metaphase | Anaphase | Anaphase |l Pollen
No. of No. of No. of DfeDrtglty
A B plants A C D E plants A C D E plants
examined examined examined

Seed—derived plant

S10 975 21 97 100 50 100 28 98.7
S59 100 50 96.8 3.2 63 100 20 93.3
Protoplast—derived plant

P85 100 60 930 42 28 71 95.1 49 41 83.6
P293 100 67 9%.8 21 11 94 100 60 78.2
pP277 9.9 31 32 100 29 100 56 77.8
P303 63.0 37.0 119 794 20.6 34 76.9 231 104 725
P285 66.7 333 24 83.8 16.2 31 741 25.1 27 77.3
P32 58.3 417 24 76.5 235 51 625 375 32 76.8
P298 647 353 34 825 175 57 755 245 49 76.0
P308 59.7 403 67 740 190 40 3.0 100 676 189 95 40 74 72.0
P316 57.1 429 49 474 421 79 26 38 535 349 69 47 43 64.1
P306 389 611 36 29.8 638 64 47 71 715 143 71 28 58.2
P296 90.7 93 54 821 103 51 25 39 849 151 53 70.9
P241 770 23.0 61 70.1 254 4.5 67 71.1 28.9 45 53.5
P312 55.6 444 36 60.9 34.8 43 23 11.1 88.9 36 68.1
P297 675 325 83 68.6 269 45 67 69.7 30.3 33 69.8
P318 417 583 60 57.9 36.8 53 57 444 444 38 74 27 70.6
P299 772 228 57 812 145 43 69 795 159 46 44 69.7

A: Normall 00 B: Univalentd O [J C: Fragment or lagging chromosomel U [J D: Bridgell U [J E: Bridge and fragment
or lagging chromosomel O [1]

20 Chromosomal variation in regenerated plants from cultured tissues and cells in Lotus corniculatus L.
0 O Protoplasts isolated from calli of Lotus corniculatusO birdsfoot trefoil cv. VikingU were cultured in a thin
layer of a KM8p mediumd 1900 The medium solidified with 0.6% agar. The colonies derived from single
protoplasts could be detected by continuous observation using an inverted microscopel 34, 37L  Among
the induced callus lines all of which were derived from single protoplasts, one callus line produced numerous
shoots.  In order to form complete plantlets, the shoot were transplanted to the medium of Nitsch and
Nitschl 430 without growth regulators. The regenerated plants which originated from a single protoplast
mostly showed 24 chromosomes, the normal tetraploid chromosome number of the species. Among 71
regenerated plants, there was only one octoploid, and one mixoploid plant which had cells with 241 tetraploidU
and 480 octoploidl) chromosomes.  No aneuploids were observed and chromosome structural changes were
not detected under a light microscope. The ploidy level of the regenerated plants was substantially stable,
which suggests that the morphogenetic ability of cells with altered chromosome numbers might be very
low. The absence of aneuploids among regenerated plants supports this assumption. The presence of
a mixoploid plant could result from endoreduplication during the formation of adventitious buds.
00 In meiosis of the seed-derived plants, a very small number of PMCs showed abnormalities such as
univalents at metaphase | and lagging chromosomes at anaphase I. Most of the protoclones, on the other
hand, showed a high frequency of meiotic abnormalities, although abnormal somatic chromosomes could
not be detected under a light microscope. It is reasonable to consider that the chromosomal abnormalities
resulted from mutation occurring in the course of protoplast or callus culture. The abnormal chromosome
set that appeared most frequently at metaphase | generally contained one or two univalents. At diakinesis,
asynaptic chromosomes were also occasionally observedU Table 2, Fig. 4L0  These may have occurred
due to deletions or translocations.
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Fig. 4.0 Mitosis and meiosis in the protoclonal plants in Lotus corniculatus LH cv. Vikingtl a: Somatic
chromosomes at metaphase of a protoclone in which no chromosome structural changes
could be detected, although irregular chromosome configurations were observed in meiosis,
b: Two univalents at diakinesisU indicated by arrowsU c: Two univalents at metaphase
I, d: Two lagging chromosomes at anaphase |, e: A bridge and an acentric fragment
chromosome at anaphase I, f: A bridge and an undivided, lagging bivalent at anaphase
I, g: A lagging chromosome at anaphase Il, h: A bridge at anaphase Il. Bar represents
100 m.

U0 In anaphase | and I, bridges and fragments were frequently observed, which may have arisen from
a crossover within the inversion. The frequencies of bridges and fragments varied among the protoclones.
Besides these chromosome alterations, lagging chromosomes were frequently observed at anaphase | and
Il.  Occurrence of these abnormal chromosome configurations at meiosis seemed to be one of the causes
of the decrease of pollen fertility. However, no teratogenic phenotypes were observed as a result of these
chromosome structural changes. The meiotic analyses in this study gave an evidence for the existence
of small structural alterations in the chromosomes of many protoclones. Thus, the presence of somaclonal
variants with undetected chromosome structural changes is suspected in the protoclones of Lotus corniculatus.
0 O Generally, there was a large decrease in chromosome abnormalities such as univalents, lagging
chromosome, fragment and bridges at meiosis in the protoclones of two generations after open pollinations
of the regenerated protoclones. This may have been caused by the elimination of gametes with abnormal
chromosome configurations. Indeed, it was observed that pollen fertility increased drastically in the second
and third generations.
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Table 3.0 Southern blotting of mtDNAs of two seed-derived plants and five protoclonal plants in cv. Viking

RE Probe rrn26 rrnl8 coxl coxIl coxIll Nadl atpA atp9
EcoRlI ND ND S,P ND ND ND S ND
BamH| ND ND ND ND ND ND ND ND
Hindlll ND ND ND ND ND ND S ND
Pst | ND ND ND ND ND ND S ND
Sma | ND ND ND ND ND ND ND ND
Sal | ND ND S,P ND S ND ND ND

S: Southern blotting patterns of mtDNAs of two seed-derived plants in cv. Viking are different.
P: Protoclonal plants are different from the pattern of seed—derived plants. ND: No difference between
two seed-derived plants and protoclonal plants. RE: Restriction endonucleasell

0 0 In many regenerated plant species chromosome abnormalities have been also reported. In regenerated
oat plants from cultured tissues, the most common cytogenetic alteration was chromosome breakage, followed
by loss of a chromosome segment in somatic chromosomest 2701 In cultured cells of Haplopappus gracilis,
whole or partial chromosome loss in the form of lagging chromosomes, micronuclei, ring and fragment
chromosomes in mitosis is reportedd 100 In wheat x rye hybrid, deletions, translocations and amplifications
of heterochromatin in rye chromosomes are confirmed by C-banding analysisll 2301  Nishibayashi and
Kaeriyamall 410 reported that the number and structure of somatic chromosomes in rice plants regenerated
from cultured cells were stable under a light microscope, even when the plants showed morphological variation.
Gill et /0 130 0bserved inversions and chromosomal translocations in the analysis of pachytene, metaphase
I, and anaphase | and Il in mesophyll protoplast-derived tetraploid potatoes.

30 Somaclonal variation in genes, genomic DNA clones and cDNA clones in Lotus corniculatus L. and Oryza
sativa L.

10 Lotus corniculatus

0 00 The materials used are the same as those of previous section 2.

000 10 Nuclear DNA

0 0O The nuclear DNAs were analyzed by Southern blot hybridization using two restriction endonucleases

and the probes of major genes, a small subunit of RuBisCO, phenylalanine ammonia-lyase, and ribosomal

DNA 34, 3601 From this experiment, it was found that these genes were very stable without any variations,

while there was a considerable amount of variation in six quantitative characters such as plant height and

stem diameter, which may be regulated by polygenes.

000 20 Mitochondrial DNA

OO0 In a preliminary experiment, the mtDNAs of seven callus lines derived from different individual plants

were examined. Extracted mtDNAs were digested by a restriction endonuclease, EcoRIl, and hybridized

with three mixed probes, amp4, rrn26, and coxI. Many different fragment patterns were observed among

the callus lines.  Specific fragments of certain calli may be explained by the polymorphism of mtDNA,

because birdsfoot trefoil is a cross—pollinating species and cv. Viking is a synthetic cultivar.  However,

the possibility that some of the specific fragments may have originated from mtDNA mutation which occurred

during callus culture can not be ruled out. Indeed, Chowdhury et al. U 40and Hartmann ez ol. O 150 found

variations of mtDNA in long-term cultured tissues of wheat and rice, respectively.

0 O The mtDNAs of two individual plants derived from seeds and five protoclonal plants in a single protoplast—

derived population were analyzed. Six kinds of restriction endonucleases and 8 mitochondrial genes were

used as probed] Table 311 Seed-derived plants, S-3 and O-61, showed different hybridized fragment patterns

in 13% of all the combinations of restriction endonucleases and mtDNA probes. This result clearly suggests

that there is a polymorphism in the mtDNA of Lotus corniculatus populations derived from seeds. On the
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Fig. 5.0 Loci of the 73 DNA markers of genomic DNA clonesU set AU on the rice linkage map.
Gxx, Gxxx or Gxxxx: Random genomic DNA clone, @ : Polymorphism shown by the markers.

other hand, most of the fragment patterns of protoclonal plants analyzed by Southern blot hybridization
were the same as those of plants S-3 derived from a seed. Twol 4%0 of all the combinations of restriction
endonucleases and probes showed fragment variations. However, the varied fragments were identical to
the fragments of plant 0-61.

0 0 These observations indicate that variations may occur frequently at the same location of the mitochondrial
genome or else the variations may occur in constant directions. The low occurrence of variation of mtDNA
may be caused by a loss of totipotency in callus cells in which mtDNA mutation occurred.

000 30 Chloroplast DNA

0 O The Southern blots of cpDNA in nine protoclonal plants and ten seed-derived plants were carried out
in combinations of three restriction endonucleases and five probes of genomic DNA.  Specific fragments
were found for only one protoclonal plant and one seed—derived plant.  This result indicates that the
polymorphism of cpDNA and the occurrence of somaclonal variation in the cpDNA are quite low.

20 Oryza sativa

0 0O The first generation! Rollof rice plantg] 128 plants for each cv. Mutsuhomare : Mu and cv. Tsugaruotome :
Tul regenerated from six-month-old calli were used in this study. Genomic DNAs digested with Hind
Il were analyzed by Southern blot hybridization using clones of landmarker set A and set B. In set
Al genomic DNA clonesU and set BU cDNA clones 73 and 179 clones were used as probes, respectively.
These probes are distributed across all rice chromosomesU Fig. 5, 600  These landmarker clones were
provided by the Group for Rice Genome Research Program of the National Institute of Agrobiological Resources
O NIAROand the Institute of the Society of Techno-Innovation in Agriculture, Forestry and Fisheries] STAFFO
in Japan.

0O O When the digested DNAs with Hind 111 were hybridized with cDNA clone R2662 as a probe, a polymorphic
pattern with an additional 12.1 kb band was observed in plants Mu-81 and Tu-109. When using genomic
DNA clone G294 as a probe, plants Tu-107 and Tu-143 showed a polymorphic pattern with an additional
14.0 kb band. In total, the frequencies of plants with somaclonal variation of polymorphism were 33.5%
and 43.7% in cv. Mutsuhomare and cv. Tsugaruotome, respectively. In addition, 17 out of all landmarkers
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Fig. 6.0 Loci of the 179 DNA markers of cDNA clonesU set BU on the rice linkage map. Cx, Cxx,
Cxxx or Cxxxx: cDNA clone derived from callus, Rxx, Rxxx or Rxxxx: cDNA clone derived
from root, (D@ : Polymorphism shown by the markers.

showed polymorphism, and 13.7% and 3.9% of landmarkers showed polymorphism in set A and set B,
respectively.  The number of variant plants detected by the same probes tended to positively correlate
between cv. Mutsuhomare and cv. Tsugaruotomell Table 40

0 0 The number of the same pattern of polymorphism with G89B as a probe were 12 and 23 of cv. Mutsuhomare
and cv. Tsugaruotome, respectivelyll Fig. 700 ~ This high mutation rate of 13.6%0 35/256 plantsllin the
locus of G89B might result from a hot spot, where the same variation occurs readily, located on chromosome
No0.10 of cv. Mutsuhomare and cv. Tsugaruotome. Similar phenomena were observed for probes G132,
G232, G188, G2140 and R2662. Similar cases were also observed for probes G24 and C570, although
the mutation frequency of plants of cv. Mutsuhomare and cv. Tsugaruotome was not so high.  Probe
G89B is a genomic DNA clone, suggesting that genetic variation occurs most often in chromosomal regions
containing a gene, a gene fragment, or a non—-genic DNA sequence which is unimportant for plant viability.
The size of the additional bands in polymorphic plants identified using G132, G232, G188, G2140 and R2662
as probes were larger than those of seed—grown plants used as controls, except for G89B.  This result
suggests that variation occurs mainly by insertion of DNA sequences, but occasionally by other mechanisms
such as deletion, point mutation or chromosone rearrangement. Plant Tu-91 showed polymorphic patterns
with the three probes G132, G24 and R2662. This indicates that different genetic mutations may occur
readily in one individual plant. It is possible to estimate that the initial mutation occurred in a gene
encoding a DNA repair enzyme that modifies sequence errors in newly replicated DNA.

0 O Methylation—sensitive and —insensitive restriction endonucleases were used in the analysis of methylation.
Hpa Il was used as the methylation—sensitive restriction endonuclease, and the isoschizomer Msp | was used
as the insensitive endonuclease. Both enzymes recognize the sequence CCGG, although only Msp | is able
to cut the sequence if the internal C is methylated. —For Southern blotting analysis, G89B was used as
a probe. The Hpall band was equal in size to the Msp | band, indicating that CCGG sequences within
and adjacent to the probe sequence were not methylated. The same result was also obtained using the
other 16 landmarkers. Therefore, methyration can not be considered as a major factor in somaclonal variation.
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Table 4.0 Loci of probes on chromosomes and the number of polymorphic
individual plants by Southern blot analysis using landmarkers

Probe A B C D

G54 Tu-91
G132
G232
G396
Set A G188
G294
G56
G89B 10 12 23
G24 11
(G2140 12 8 2
Total 35 51
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P O © O NN N O
O N O P DD ODN
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Tu-91

C513
R1167
R2662
Set B R1394
C570
R1629 10
C950 11
Total 8 5
A: Chromosome No. B: No. of regenerated plants that were polymorphic in
cv. Mutsuhomarg! Mull C: No. of regenerated plants that were polymorphic
in cv. Tsugaruotome. D: Individual plant! Tu-91Cthat showed polymorphism
by more than two probes. Gxx, Gxxx or Gxxxx: Random genomic DNA clone,

Cxxx: cDNA clone derived from the callus, Rxxxx: cDNA clone derived from
the rootd

Tu-91

© 00 00w O b
P P PPN PP
O O - O M O O

a - HECY - &
R O T . |

S A N o= - - L
H - L it = it . B J J i -
e I e L A L L Lh
Sl et T M e B, EE . ™ wm -
- o
) s vEm ey S g — - 11

il v S ﬂ-#r—ﬂ----q{
=

W e S " PO ot am s At At ek s
T AT AN .'\."'5 .'H-“"x R v'\.""' L L “'H-'a'
B L L T e

brrypageyssoy-- o

Fig. 7.0 Genomic DNAs of young leaves of regenerated rice plants were analyzed
by Southern blot hybridization with probe G89B after digestion with
Hind 11l. Mu—-37 — Mu—-119] alland Tu—-101 — Tu-131J bUare regenerated
rice plants of cv. Mutsuhomare Mul and cv. Tsugaruotomel Tul]
respectively. Con. Mu and Con.Tu are controls of cv. Mutsuhomare
and cv. Tsugaruotome from seed—grown seedlings. Probe G89B is
a random genomic DNA clone.
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0 O Recently, it was reported that Tosl7, a retrotransposon of rice, was activated and transposed under
cell culture conditionsU 1700  To identify the polymorphism arising from TosI7, a reverse transcriptase
domain in Tosl7 was used as a probe for Southern blot hybridization. A 14.0 kb band was observed
in plants Tu-107 and Tu-143 but not observed in Tu-109 when the G294 clone and the reverse transcriptase
domain were used as probes. The 14.0 kb band size is equal to the total band size of the retrotransposon
Tos170 4.3 kbU and the control bandl 9.4 kbl  This suggests insertion of the TosI7 retrotransposon into
the 9.7 kb DNA fragment found in plants Tu-107 and Tu-143.

0 O Somaclonal variation may result from a wide range of genetic changesl 44, 21, 221  Molecular and
biochemical analyses of these changes provide an opportunity to investigate the extent and nature of
somaclonal variation. Restriction fragment length polymorphismd RFLPOand random amplified polymorphic
DNAUO RAPDO analyses have been applied widely in the analysis of somaclonal variation. RFLP analysis
is probably able to detect a wide range of somaclonal variations, from point mutations at the restriction
site to large chromosomal rearrangement resulting in changes in the distance between restriction sites 16L]
These methods, however, are not possible to detect the region on a genome where variation occurred, while
the method using landmarkers is feasible to identify the locus where somaclonal variation occurred.

0 O A hot spot is a region on a genome where mutation occurs preferentially or where recombination events
are increasedd 311  Result of this study showed that all polymorphic patterns were of the same type when
the same probe was used. When a mutation occurs at an early step of callus formation, all or part of
the callus cells carry the same mutation. If plants regenerate from these cells, all of them must carry
the same modificationd 24L]  The results in this case, however, indicate that the polymorphic patterns of
cv. Mutsuhomare and cv. Tsugaruotome obtained with the same probe were completely identical. In other
words, exactly the same variation was observed in plants regenerated from different initial calli.  Linacero
etal. 0240 observed the same phenomenon in somaclonal variation in rye by RAPD analysis, and they
named the pattern“ hypervariable bands”.  Therefore, it appears that the variation must have occurred
in exactly the same DNA sequence and by the same mutation in plants regenerated from different initial
calli, although the structural factors in the mechanism of occurrence of hypervariable bands remain unclear.
The hypervariable region was not observed in X-ray-irradiated seed—grown plants of cv. Mutsuhomare
and cv. Tsugaruotome.  Therefore, further investigation such as determination of DNA sequences of the
hypervariable bands needs to clarify why hot spot exists in somaclonal variation but not in X-ray-induced
variation.

40 Somaclonal variation in morphological and physiological traits in Lotus corniculatus L. and Oryza sativa
L.

10 Lotus corniculatus

0 0O The material used are the same as those of section 2. At the first flowering in the 2nd year, the
following characters were evaluated for 60 plants selected randomly from each population consisting of
64 seed- and 71 protoplast—derived plants:J 10plant heightd 20length of the longest internode[d 300 diameter
of the longest stem,0 40 length and width of the leaflet,d 50 dry matter yield,dJ 60 pollen fertility, andd 70
hydrocyanic acidd HCNUO content. HCN content was analyzed accordingly to the procedure of Grant and
Sidhut 140]

0 0O The distribution of each character of the protoclonal population is shifted towards values lower than
those of the seed—derived population. Mean values of all traits of the protoclonal population were lower
than those of the seed—derived population. The standard deviations of the protoclonal population were
also generally smaller than those of the seed-derived population. Protoplast—derived variants with higher
values than the highest value of the seed—derived population were not found for any of the traits. However,
in all traits except pollen fertility, there were a considerable number of plants with values exceeding those
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of the initial plant that provided callus for protoplast isolation. With regard to pollen fertility, the protoclonal
population was extremely low, and no plant had higher pollen fertility than the plant initially used for protoplast
isolation.  The distribution of HCN content in the seed—derived population ranged from the highest to the
lowest. On the other hand, in the protoclonal population, which was derived from a plant with the highest
HCN content, the distribution was limited, although some variants with low HCN content were observed.
00 In a extensive study of L. corniculatus, Damiani et a0 80 indicated that somaclonal variation took place
in callus—derived plants. Likewise, the result of this study showed somaclonal variation among
regenerated plants. Most traits of the plant used for protoplast isolation were near the means of the seed-
derived population. However, the presence of regenerated plants showing better performance of the traits
than the initial plant suggests that tissue culture can produce useful variants, which may be useful for
breeding programs for this crop. Moreover, since the induced variants of agronomic traits are genetical
0120 it may be possible to produce a superior plant by using other plants which have higher values for
the agronomic traits than the mean of the seed-derived population.

0O O In Lotus corniculatus, the observed chromosomal alterations are not accompanied by any drastic phenotypic
changes such as teratogenic morphology. A similar case is reported in potato by Secor and Shepard
0470  The quantitative alteration of various characters observed in these studies is probably caused by
polygenic changes as well as minor structural alterations in somatic chromosomes. By using a single
protoplast—derived population, this investigation demonstrated that chromosome structural alteration and
polygenic changes have occurred during the course of protoplast and callus culture.

20 Oryza sativa

0 0O Seed scutellum—derived calli of Oryza sativa cv. Akihikari were cultured for four to seven months and
then regenerated plants’ Ro generationUwere obtained from these calli. A considerable number of regenerated
plants were albino but normal chloroplast plants were transplanted into pots after acclimatization and were
then grown in a green house. From the next generationl] RiLJ progenies were planted in the paddy field.
Plant height, the number of days to heading, panicle length, the number of seeds per panicle, panicle number
and thousand kernel weight were all investigated at each generation. The progenies with early heading
date, high panicle number and high thousand kernel weight were selected in the population of each generation.
At nine generationU RslJ it could be obtained that a line of population which is 3-4 early heading date,
almost the same number of panicle as the parent cultivar and significantly higher thousand kernel weight
than the parent cultivar.  In addition, This line is slightly lower amylose than parent cultivar. Low
amylose tightly relate to the good taste of rice.  Thus, it may be possible to make favorable varieties
by using somaclonal variation.  Ivanov eral.l] 180 also stress that the somaclonal variation may give a
biotechnological contribution to wheat plant improvement in practical breeding programs.

Future Outlook

00 In the near future, somaclonal variation should become widely used for crop improvement. The
techniques are more simple than those of recombinant DNA, and they result in a rich source of genetic
variability. In addition, somaclonal variation has been free of the regulatory hurdles that plague products
of recombinant DNA. Plants can be transferred directly to the field and evaluated as part of an ongoing
breeding program. Somaclones have now been produced in a wide variety of crop plants using a nhumber
of regeneration procedures each resulting in new variants.

00 In addition to these developments, it should be re-emphasized that many of the future prospects for
somaclonal variation are dependent upon use of these tools by plant breeders. To this extent, a tight
linkage between tissue culturists/geneticists and breeders is imperative to advance this technology.
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Utilization of water and loading of environmental pollutants to river in the
Iwaki river basin

Shinichi SAwWADA"™!, Takashi IcucHI”?, Kazuhiko Kasal”® and Minobu Kasai™!

“Department of Biofunctional Science, Faculty of Agriculture and Life Science

Y2Department of Electronic and Information System Engineering, Faculty of Science
and Engineering, Hirosaki University, Hirosaki 036-8561, Japan

U3Environmental Engineering Company, Hirosaki 036-8084, Japan

SUMMARY

000 The Iwaki river basin is occupied with 1,424 km? of forest area, 718 km? of farming land, of which 59,
31 and 8% are paddy fields, apple fields and upland fields, respectively, and 445 km? of othersl! rivers, roads
and town areast] In this basin, inhabitants of 476X 10° live and stockbreedings, which raise cattles of 6%

10°, pigs of 37% 10° and chickens of 371x 10° exist, while any industry, which is markedly discharging waste,
does not exist. The annual precipitationd PO evapotranspirationd EpU and runoffi R O P O EPU averaged
for 5 years from 1997 to 2001 were estimated as 4,078, 1,157 and 2,921% 10° m® respectively. The utilization
of water was estimated as 571% 10° m® of the runoff, of which 87, 12 and 1% were utilized for rice cultivation,
human life and industries.  Total nitrogend T—NO budgets in the basin were estimated for naturel forest,
uncultivated plain and others{ farming, life and stockbreeding systems. The T-N introduced from other parts
to the basin was estimated as 13,091 t/yr, of which 47, 20, 18 and 12% were supplied as industrial fertilizers
given into the farming system and rainfall on nature and farming systems and waste discharged from life and
stockbreeding systems, respectively. The T—-N of 3,997 t/yr was removed again from the basin with the shipment
of agricultural products from the farming systemO 75%U and stockbreeding products from its systemO 9%0
and by sewage treatment of the waste from life systemU 16%[L1 The T-N of 2,758 t/yr was accumulated
the nature and farming systems. The rates of the accumulation in soil of the nature, paddy fields, upland fields
and apple fields were 8, 26, 19 and 47%, respectively. The loading of T-N 6,336 t/yr to the Iwaki and other
small rivers in the basin area was estimated to be resulted from surface and penetration runoff of industrial
fertilizers given to farming systemU 28%[] and rainfall on nature systeml 27%0 and the waste discharged from
lifed 26%0 and stockbreedingll 19%0 systems.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 6 : 18—39, 2003
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Fig. 1. Hypomesus transpacificus nipponensist) wakasagi in
0 000 Japanesed of the family Osmeridae from Japan.

Table 1. Taxonomic status of Japanese osmerid species. Oncorhynchus masou masou was

used as the outgroup.

Family Genus Species Abbr.
Osmeridae Hypomesus H. transpacificus nipponensis McAllister"” Hin
H. olidusO PallasC
H. pretiosus japonicus( Brevoort[? Hpj
Spirinchus Sp. lanceolatus0 Hikital! Spl
Mallotus M. villosusO Muller™ My
Osmerus Os. eperlanus mordax0 MitchillCF Osem
Salmonidae Oncorhynchus On. masou masoull Brevoort[} Onma

The six species examined in this study are markedd "L

Table 2. Sampling locality, sampling date, number of individualsU NOJ total lengthl TL ; cm0{ standard lenghC SL ; cmQ
and body weightl BW ; g for five osmerid species and Oncorhynchus masou masou examained in this study.

Species Locality Date N TL cmO S cmO BWI gU

Htn Lake Ogawara, Aomori Pref. May 11, 1993 12 9.8£ 0.31 8.6% 0.28 6.2+ 0.66
Hpj market in Hirosaki, Aomori Pref. Jul. 4, 1995 11 15.2% 0.22 13.3+ 0.21 24,8+ 1.37
Spl Mukawa River, Hokkaido Oct. 20, 1993 12 14.3+ 0.23 11.8+ 0.20 18.7£ 1.19
My market in Hirosaki, Aomori Pref. Jun. 13, 1993 10 16.9%+ 0.14 15.5+ 0.14 38.4% 1.00
Osem market in Hirosaki, Aomori Perf. Mar. 11, 1993 3 26.2% 0.62 22.6% 0.56 127.4% 7.32

Jul. 4, 1995 4
Onma Kamikasuo, Tochigi Pref. Oct. 19, 1994 10 10.1% 0.28 8.7+ 0.24 11.0+ 1.10

The scientific name of each taxon is shown as abbreviation described in Table 1.
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Table 3. Enzymes, EC numbers, abbreviations, tissues, and references of staining method assayed

in this study.
Enzyme and EC No. Abbr. Tissue Reference
a -Glycerophosphate dehydrogenase 1. 1. 1. 8 a-GPDH M, L Ayala etal.0J 197200
Malic enzyme 1. 1. 1. 40 ME M Ayala et al.00 19720
Isocitrate dehydrogenase 1. 1. 1. 42 ICDH L Avyala et al.0] 19720
Glucose-6—-phosphate dehydrogenase 1. 1. 1. 49 G6PD M Ayala et al.ll 19740
Octanol dehydrogenase 1. 1. 1. 73 ODH L Ayala et al.0] 19720
Nothing dehydrogenase NDH M Matsuoka et al.0 19840
Formaldehyde dehydrogenase 1. 2. 1. 1 FDH M Murphy et /.00 199000
Peroxidase 1. 11. 1. 7 PO L Shaw and Prasad0 197000
Superoxide dismutase 1. 15. 1. 1 SOD M Ayala et al.00 19720
Aspartate aminotransferase 2. 6. 1. 1 AAT M MarcusU 19770
Phosphoglucomutase 2. 7. 5. 1 PGM M Shaw and Prasadl 197001
Esterase 3. 1. 1. - EST M, L Shaw and Prasadl 19700
Alkalin phosphatase 3. 1. 3. 1 ALK L Ayala et al.0] 19720
Leucine aminopeptidase 3. 4. 11. 1 LAP | Ayala et al.00 19720
Fumarase 4. 2. 1. 2 FUM M Shaw and PrasadU 19700

M : muscle, L : liver, | : intestine

Table 4. Estimates of genetic variability in five osmerid species and On. ma. masou used in this study.

No. of  Proportion of  Average Inter-locus Inter-locus Intra—locus
Species genetic loci polymorphic heterozygosity variance variance variance

scored locid PO OO OHOO+ SEU O observeddO theoretical M observedd
H. 1. nipponensis 24 4.2 0.9+ 0.9 0.001 0.003 0.001
H. p. japonicus 22 27.3 12.5% 4.9 0.048 0.032 0.004
Sp. lanceolatus 21 14.3 5.0 2.8 0.014 0.015 0.002
M. villosus 20 25.0 10.4+ 45 0.039 0.028 0.002
Os. e. mordax 21 14.3 7.6% 4.2 0.032 0.022 0.001
Average 21.6 17.0 7.3 0.027 0.020 0.002
On. ma. masou 20 20.0 8.4% 4.2 0.031 0.024 0.004
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Table 5. Nei'sll 1978all genetic identityd /Owith standard errorC) above diagonall
and standard genetic distancéd Dswland genetic distancel Dv : below
diagonal : Nei, 1978b0among five osmerid species based on 17 genetic
loci.

Hin Hpj Spl My Osem

H. t. nipponensis 0.623 0.381 0.443 0.345
0o0.1170 0Oo0.1200 0o0.1240 0Oo0.1180

H. p. japonicus 0.472 0.529 0.494 0.479
0 0.6040 0o0.1230 0o0.1250 0o.1210

Sp. lanceolatus 0.966 0.637 0.447 0.431
U1.6260 00.8900 00.1240 00.1220

M. villosus 0.815 0.706 0.805 0.393
012590 0O1.0250 0O1.2370 00.1220

Os. e. mordax 1.065 0.736 0.842 0.934

01.8990 010890 013210 O1.5450

n.4TH \__ D.350

ds. a. mordox--si—

h.364

Gk - i
A H. L. Ripponensis

H. p. japoglous

M. willasus

Sp. lanceolatirs

Fig. 2. Phylogenetic tree of five osmerid species constructed from Nei'§] 1978al0standard genetic distances] Dsuw[Ibased
on 17 genetic loci by using NJ method. The values given to each branch are the estimate of branch length
0 aboveOand bootstrap confidencdl belowl] respectively. Os. e. mordax is the outgroup.
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Fig. 3. Phylogenetic tree of five osmerid species constructed from Nei's] 1978alstandard genetic
distanced] DswObased on 17 genetic loci by using UPGMA method. The value given to
each branch is the estimate of branch length.
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Fig. 4. Phylogenetic tree of five osmerid species constructed from Nei'§] 1978bOgenetic distances? D1 10 /0¥ ITbased
on 17 genetic loci by using NJ method. The values given to each branch are the estimate of branch length
0 aboveOand bootstrap confidencdl belowl] respectively. Os. e. mordax is the outgroup.
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Fig. 5. Phylogenetic tree of five osmerid species constructed from Nei'$] 1978b0genetic distances] D00 1
O 7/070based on 17 genetic loci by using UPGMA method. The values given to each branch is
the estimate of branch length. The divergence time estimated form Nei’'s equatiord Nei, 19750using

Dv is given in this phylogenetic tree.
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Genetic Differentiation of the family Osmeridae based on allozyme
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Y2Graduate School of Science, Hirosaki University, Hirosaki 0368561, Japan

ABSTRACT

U O U The family Osmeridae is widely distributed in the northern seas and very important as the fishery resources.
On the
other hand, the Japanese endemic species, Spirinchus lanceolatus decreases rapidly in individual numbers by the
pollution of marine in recent years. We studied the phylogenetic relationships of the family Osmeridae from
Japan by allozyme analysis. The family Osmeridae examined in this study is the following five species : Osmerus

Particulary, Hypomesus transpacificus nipponensis has been actively cultured in many Lakes of Japan.

eperlanus mordax, Hypomesus transpacificus nipponensis, H. pretiosus japonicus, Sprinchus lanceolatus and Mallotus
villosus. The Nei’'s genetic distancest D« and D-Uwere calculated from allele frequencies data and the molecular
phylogenetic trees were constructed by using the both of the UPGMA and NJ methods. The results clearly
showed the high homology between the UPGMA-tree and NJ-tree :0 10 H. transpacificus nipponensis is most
closely related to H. pretiosus japonicus. U 2U Mallotus villosus is more closely related to the cluster of above
two species than Sprinchus lanceolatus. 1 30 The Japanese endemic species, Sprinchus lanceolatus is relatively
differentiated species. O 4LOn the other hand, Osmerus eperlanus mordax is most distant species among five members
of the Osmeridae, and may be the ancestral type. The present allozyme study was well consistent with the
other morphological, paleontological, geographical and molecular data. Further,the divergence time estimated from
allozyme data is suppourted by the fossil data. At the population genetic viewpoint, the marine fish showed
the higher genetic variation than the fresh water fish. It might be considered that the degree of genetic variation

within natural population is closely correlated with the population size.
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Microscopic observation of microorganisms involved in methane
production and oxidation in paddy field soil
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Introduction

0 O Methane is major greenhouse gas, next to carbon dioxide, and about 20% of methane in the atmosphere
is released from paddy fieldsO 100  One of the characteristics of paddy field soil is that the supply of
oxygen is limited under submersion, resulting in the lowering of redox potential. Therefore, organic matter
in flooded paddy field soil is decomposed anaerobically into methane and carbon dioxide. Three microorganism
groups are involved in the process by which organic matter is decomposed into methane and carbon dioxide.
At the beginning, high molecular compounds such as cellulose and starch are hydrolyzed by fermentative
bacteria and converted to alcohols such as ethanol and butanol and organic acids such as lactate and butyrate.
Then, butyrate and ethanol are converted to acetate, hydrogen and carbon dioxide by the syntrophic
association with a hydrogen—producing, acetate-producing bacterium and a hydrogen-utilizing methanogen.
Acetate, hydrogen and carbon dioxide are converted to methane and carbon dioxide by methanogens in
the last stage. W.ith respect to anaerobes in paddy field soil, fermentative bacteria, sulfate-reducing bacteria
and methanogens have been isolated from paddy field soil so far. However, until now, there have been
few examinations of how fatty acids are degraded in a syntrophic association with hydrogen-utilizing
methanogens, and how sulfate-reducing bacteria degrade lactate in syntrophic association with hydrogen-
utilizing methanogens under the condition without sulfate. In paddy field soil, methane—oxidizing bacteria,
which convert methane to carbon dioxide, live in paddy field soil. We describe here Type Il methane-
oxidizing bacteria that can grow without copper dominant over the Type | species in paddy field soil.
This report shows that the cell morphology of anaerobes involved in methane production and intracytoplasmic
membranes of methane-oxidizing bacteria were observed with a photo and an electron microscope.

Materials and Methods

Microorganisms and media

0 0 The microorganisms used in this experiment were as follows: Methanobacterium formicicum strain TM—
81 20 Methanobacterium bryantii strain H5=1 3U] Methanospirillum sp. strain TM20-11 40 Methanosarcina strains
J-6 and 2-P0 5,130 Methanosaeta sp.  strain K-50 60 Desulfovibrio sp. strain SK3-4U 70 Syntrophomonas
sp. strain TB-6U 20 Methylosinus strains D2-11 and W3-6U 811 The microorganisms were isolated from
the Kanagi paddy field soil of the teaching and research center for bio—coexistence at Hirosaki University.
0 U Media used were the same media as the culture for the microorganisms described above. The bacterial
growth was measured by optical densityl 400 nmtl  CHs and H:, acetate and butyrate were measured
with gas chromatography 2]

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.6 : 49 —58, 2003
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Photomicroscopy

0 O Cells were observed with a photomicroscope. Phase contrast and UV-epifluorescence micrographs
were taken using wet mount with an Olympus model BX50 photomicroscope. The fluorescence of cells
was observed with a VU BP400-4100 excitation filter.

Electron microscopy

0 O For scanning electron microscopy, cells were collected on a filter paper and fixed in 1% glutaraldehyde
in 0.01 M cacodylate bufferd pH 7.00 for 2 hr at room temperature and left overnight at 40. The filter
paper was dehydrated, using a graded acetone series. The sample was subsequently dried to the critical
point and then coated with gold for observation with a scanning electron microscopé] JSM 5000/LVUoperated
at 20 kV.

0 O Flagella and fimbriae were observed with a transmission electron microscope. Cells were negatively
stained with 0.5% phosphotungstic acidd pH 7.0C for 30 seconds and observed with an electron microscope
U JOEL model JEM—-2000EX0 operated at 80 kV.

0 O For thin—section electron microscopy, cells were placed in a Kellenberger buffer containing 1% OsOa
for prefixing cells. The cells were harvested by centrifugation for 15 min at 10,000 rpm and fixed in the
same buffer for 2 hr at room temperature and then left overnight at 500. The fixed samples were rinsed
three times in buffer, and twice in deionized water, and then soaked in 0.5% uranyl acetate in deionized
water for 2 hr. The cells were embedded in small agar blocks, and dehydrated in increasing concentrations
of ethanol, transferred to acetone, and infiltrated with Spurr’s low viscosity resin.  Thin sections were
obtained with glass knives on an LKB2188 Ultrotome NOVA, and post-stained with uranyl acetate and
lead citrate.  Sections were examined with an electron microscopell JOEL model JEM-2000EX0 operated
at 80 kV.

Results and Discussion

Hydrogen-utilizing methanogens in paddy field soll

0 O The number of hydrogen-utilizing methanogens in the Kanagi paddy soil was 6.7x10°MPN/g dry soil.
Methanobacterium formicicum Was the most abundant in hydrogen-utilizing methanogens isolated from the soil.
Growth substrates of Methanobacterium formicicum Strain TM—-8 were hydrogen—carbon dioxide and formate.
The cells were 2.0 to 6.6 ¥ m in length and 0.5 to 1.0 ¥ m in width as shown in Fig. 1-a. Though many
cells were single cells, filament cells were also observed. The cells had the fluorescence of coenzyme
Fs0 peculiar to methanogenst Fig. 1-bll  The cells were Gram-negative, and spore was not formed.
Though there was no motility on the strain, a large number of fimbriae were observed by the transmission
electron microscopel Fig. 1-¢c and dl  Fimbriae were 5 nm thick.

0 O Methanobacterium bryantii strain H5—=1 and Methanospirillum sp. strain TM20-1 were isolated in addition
to M. formicicum as hydrogen-utilizing methanogens isolated from the Kanagi paddy field soil. These 2
strains are not numerically dominant hydrogen-methanogens, because they were isolated from the enrichment
culture. Methanobacterium bryantii strain H5-1 was grown on hydrogen—carbon dioxide, but did not grow
on formate and methanol. The strain was a non—-motile, Gram—negative rod. =~ The strain was different
in Gram staining, because Methanobacterium bryantii is Gram—positive. ~ Strain H5-1 was the same as M.
bryantii when using a secondary alcohol such as isopropanol and isobutanol as the hydrogen donor. The
cells were 2 to 7 U m in length and 0.5 to 0.8 ¥ m in width as shown in Fig. 2-a. Though many cells
were single cells, 10 to 15 p m of filament cells were also observed. The cells had the fluorescence of
coenzyme Fso peculiar to methanogensl Fig. 2-bll

0O O Methanospirillum sp. strain TM20-1 grew on hydrogen-carbon dioxide and formate as a growth substrate.
Strain TM20-1 was a motile, Gram—negative spiral-shaped rod. As the methanogen grew in the isopropanol
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Fig. 1.10 Phase—contrast Photomicrograph] al] Epifluorescence Photomicrograph™ bdand Transmission Electron Micrographs
O ¢, dO of Hydrogen-utilizing methanogen, Methanobacterium formicicum strain TM-8 grown on Hz—CO2. ArrowsU ¢
and dU showing fimbriae negatively stained with phosphotungstic acid. BarsUl a and bU indicate 5¢ m, and ¢ and
d indicate 0.25u m.
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Fig. 2.0 Phase—contrast PhotomicrographU all and Epifluorescence PhotomicrographU bU of Methanobacterium
bryantii strain H-5 grown on Hz—CO2. Bars indicate 5u m.

Fig. 3.0 Phase—contrast Photomicrograph of Methanospirillum sp. strain
TM20-1 grown on H2-CO: Bar indicates 5H m.

—carbon dioxide medium, it was the same as Methanospirillum bryantii when using the secondary alcohol
as the hydrogen donor. The cells were 2.0 to 7.0 ¥ m in length and 0.4 U m in width as shown in Fig.
3. Though many cells were single cells, 13 v m of long spiral cells were observed by the fluorescence
microscope.

Acetate-utilizing methanogens in paddy field soil

0 O Acetate-utilizing methanogens were isolated in two genus of Methanosarcina and Methanosaeta from
paddy field soil.  Methanosarcina was isolated from the paddy soil of Italy by Fitzer et al. in 19930 90
Asakawa et al[l 10Uisolated Methanosarcina mazei TMA from the paddy soil of a Kyushu agriculture laboratory
and examined the microbial characteristics in 1995.

U O Methanosarcina strain 2-P and strain J-6 were isolated from the Kanagi paddy field soil.  These
methanogens were Gram-negative coccus. The cells were 1.5 to 2 p m in diameter, and both cells were
single cells or aggregate cellsd sarcinal as shown in Fig. 4-a and bU strain J-60 and cO strain 2-PL The
aggregate cells were 50 to 60 b m. The cells had the fluorescence of coenzyme Fax peculiar to methanogens
O Fig. 4-a and b  Strains 2-P and J-6 were methanogens, which could grow on hydrogen—carbon dioxide,
trimethylamine and methanol as substrates in addition to acetate. ~ The growth of both strains was not
good for acetate.  Trimethylamine, methanol and hydrogen—carbon dioxide were more suitable growth
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Fig. 4.0 Epifluorescence Photomicrographs a and bU of Methanosarcina strain J-6 and Scanning Electron Micrograph
U cU of Methanosarcina strain 2-P grown on acetate. b and ¢ showing sarcina shaped cells. BarsU a and
bU indicate 5 m and c indicates 14 m.

substrates than acetate.

U O Filamentous acetate-utilizing methanogens are dominant for methane fermentation sludges, and have
been studied in detail. However, Methanosaeta was not isolated from paddy soil because it did not make
a colony.  Methanosaeta was isolated from the paddy soil of Italy by GroB kopf et al. in 19980 110 but
they obtained the pure culture by the dilution. Detailed archeal characteristics were not described, though
they reported a 16S rRNA gene sequence and acetate utilization.

U O Mizukami et al. succeeded in producing the Methanosaeta colonyd 1201  Since they isolated Methanosaeta
from paddy field soils in each place in Japan, filamentous acetate-utilizing methanogens are considered to
widely inhabit the paddy field.  Methanosaeta sp. strain K-5 isolated from Kanagi paddy field soil was a
Gram-negative, non—-motile rod. The cells were 0.8 x 2.0 to 3.00 m as shown in Fig. 5-a and b. The
cells had the weak fluorescence of coenzyme Fs2o peculiar to methanogens. The strain formed short filaments
0 3.0 to 15.74 mU that consisted of 2-7 rod-shaped cells in the sheath. A photograph of the expanded cell
membrane and sheath is shown in Fig. 5-¢c. The sheath is shown on the outside of the cell membrane.
The cell wall was not observed. The strain grew only on acetate as a substrate.

Syntrophic association with sulfate-reducing bacteria and methanogens
0 0 The number of sulfate-reducing bacteria in Kanagi paddy field soil was 2 x 10%g dry soil. The
colonies were isolated from the high diluted tube after counting.  Desulfovibrio sp. strain SK3—-4 isolated
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Fig. 5.0 Phase—contrast Photomicrograph U al] Epifluorescence Photomicrographl bl and Transmission Electron
Micrographs cUl of Methanosaeta strain K-5 grown on acetate. M and S showing cell membrane and sheath,
respectively. BarsU a and b0 indicate 54 m and ¢ is 0.25u m.

T A (—14*

Fig. 6.0 Phase—contrast Photomlcrograph of Desulfovibrio strain
SK-3-4 grown on lactate medium containing sulfate. Bar
indicates 5u m.

grew in sulfate medium containing lactate, or ethanol.  Desulfovibrio sp.  strain SK3—4 cells were 1.0 to
15 1¥m x 2.0 to 45 pm as shown in Fig. 6. The strain was a Gram—negative vibrio rod. Strain SK3-
4 grew in lactate medium without sulfate when it was co—cultured with Methanobacterium formicicum strain
TM-8, and produced acetate, carbon dioxide and methane. The lactate medium did not contain sulfate,
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Fig. 7.0 Phase—contrast Photomicrographd aland Epifluorescence Photomicrograph b
of Syntrophomonas strain TB—6 grown on butyrate in syntrophic association
with Methanobacterium formicicum strain TM—-8. B showing Syntrophomonas strain
TB-6 cells. Transmission Electron MicrographsC cU of Syntrophomonas strain
TB-6 grown on crotonate. Arrow showing two subpolar flagella. BarsU a and
bU indicate 5¢ m and c indicates 0.25¢ m.

and hydrogen was not included in the atmosphere in the test tube. Therefore, neither strain could grow
singly in the medium.  Sulfate-reducing bacteria could grow on lactate in syntrophic association with a
hydrogen-—utilizing methanogen in the sulfate deficient paddy soil.

Syntrophic association with butyrate-degrading bacteria and a methanogen
0 0 The number of butyrate-degrading bacteria in Kanagi paddy field soil was 1.7 x 103> MPN/g dry soil.

Syntrophomonas sp. strain TB-6 isolated from the Kanagi paddy soil degraded butyrate to acetate in co—
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Fig. 8.00 Phase—contrast Photomicrographs of Methylosinus strains D2-110 a0 and strain W3-60 b grown on
methane. Transmission Electron Micrograph cU showing intracytoplasmic membranes. BarsU a and
bU indicate 5¢ m and c indicates 0.5H m.

culture with Methanobacterium formicicum strain TM—-8. A hydrogen-utilizing methanogen also played an
important role in the degradation of butyrate. The photographs in Fig. 7-a and b show the co—culture
of strain TB—6 and Methanobacterium formicicum Strain TM-8. Strain TB-6 was a non—fluorescent curved
rod. The cells were 0.8 to 1.0 x 2.0 to 454 m.  The strain TB-6 cells were Gram—negative curved
rods. Though the motility was not confirmed in the photomicroscopy, two polar or subpolar flagellad 20
nm thickOwere observedd Fig. 7-cll The strain could grow on valerate, hexanoate heptanoate and caprylate
in addition to butyrate. Strain TB—6 was able to grow on crotonate without a syntrophic partner, Methanobacterium
Jormicicum strain TM-8.

Methane-oxidizing bacteria in paddy field soil

0 O Methane—oxidizing bacteria, which are strictly aerobes, live in flooded paddy soil. The number of methane—-
oxidizing bacteria in paddy field soil was 1.3x10°MPN/g dry soil. The numbers were almost the same under
conditions of flooded paddy soil and drainage paddy soil.

U O Methylosinus strain D2-110 ald and Methylosinus strain W3-60 bU isolated from the Kanagi paddy field
soil were Gram—-negative, oxidase positive and catalase positive rods. The strains were unique in cell
morphology. The cells were curved rods and comma-shaped rods and globular exospores were formed.
The cells were 2.0 to 3.0u m in length and 0.50 m in width as shown in Fig. 8-a and b. The methane-
oxidizing bacteria possessed intracytoplasmic membranes along the cell periphery as shown in Fig. 7-c.
The membrane system of both strains belongs to Type Il. The intracytoplasmic membranes were composed
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of a paired membrane with a total thickness of 20 to 25 nm; two unit membranes 7 nm thick were separated
by an interspace of 10 nm. The strains grew on methane and methanol as sources of carbon and energy,
and grew irrespective of the presence or absence of copper.

Summary

0 0O The shape, size, flagella and intracytoplasmic membranes of the microbial cells involved in methane
production and oxidation in paddy field soil were observed using a phase—contrast microscope, a fluorescence
microscope and a scanning and transmission electron microscope.  Methanobacterium formicicum was the
numerically dominant hydrogen-utilizing methanogen in paddy field soil.  The methanogens possessed 7
to 12 polar fimbriae. When fatty acid—degrading bacteria converted fatty acids to acetate, Methanobacterium
formicicum played an important role as a syntrophic partner. In sulfate deficient conditions, sulfate-reducing
bacteria degraded lactate to acetate in syntrophic association with M. formicicum. M. formicicum promotes
anaerobic degradation of organic matter in paddy soil by removing the hydrogen and formate. When paddy
soil was incubated with an acetate medium, a large number of Methanosarcina was observed. However,
acetate was not a good growth substrate for Methanosarcina.  Seventy percent of methane production in
paddy fields is made from acetate. Whether either species of Methanosarcina and Methanosaeta produce methane
from acetate in the paddy field is an item for future study. Different shaped cells of methane—oxidizing
bacteria, Methylosinus, were isolated from the Kanagi paddy field soil. These bacteria possessed the same
intracytoplasmic membrane system as Type Il. Type Il methane—oxidizing bacteria is dominant in paddy
field soil.
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Studies on the CA-Storage of Grape
U The Effect of Oxygen and Carbon Dioxide to Stuben and KyohoU

Hiromichi KaTto™ and Hiroshi FukucHi™

B9 Laboratory of Horticultural Science
B0 Laboratory of Agricultural Production

SUMMARY

0 0O The availability of CA storage and the appropriate gas composition for grapel cv. Stuben and Kyoholj
which are not popular in CA storage, were investigated.

00 The period of storage was determined as 60 daysU from October 1 to December 1L And the tested
condition were decided as follows. 2-30 022%, CO23%L0] condition 2-5, condition 4-3, condition 4-5 and
regular storagel] where 0O, 9000 95% R.H.OJ

00 The results were as follows.

10 The change of weight was least in condition 4-5 in Stuben and 2-5 in Kyoho.

20 The lowering of moisture content of fruit-stalk was the least in condition 4-5 in Stuben and 4-3 Kyoho.
30 The resistance of falling—off of individual berry was the least in condition 2-5 in both varieties.

40 No change of pH was observed in regular storage in Stuben and condition 4-3 in Kyoho.

50 There was no sugar change in condition 2-5 in Stuben and the least change in 4-3 in Kyoho.

60 The reduction of tartaric acid was the least in condition 4-3 in Stuben and regular storage.

70 Judging from the appearances, the best storage was condition 4-3 in Stuben and 4-5 in Kyoho.

80 The taste was the best in condition 2-5 in Stuben and 4-5 in Kyoho.

90 Evaluating synthetically, it can be said that the bests are condition 4-3 in Stuben and condition 4-5
in Kyoho, and the worst was regular storage in both variety.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 6 : 59—67, 2003
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Trial Manufacture of Simple Handling System for Oxygen Pull-down

Hiromichi KaTto™ and Hiroshi FukucHi™

B9 Laboratory of Horticultural Science
B0 Laboratory of Agricultural Production

SUMMARY

0 0O For the purpose of development small, simple on structure and handling, and low cost oxygen pull-
down system, we made a test model and experimented its performance test.

O O The test model consists of blowing system, oxygen pull-down system and cooling system. And oxygen
pull-down system is composed of nitrogen generation equipment, heating element, and junction pipe.

0 0 The nitrogen generation equipment and heating element were put nichrome wire electric furnace to
practical use, temperature had risen above 340U or more. But it took a long time to reach the appointed
temperature.

0 0 The power required was littlel from 3W to 10WL] but loss of quantity of airflow was serious.

00 The cooling system was able to cool the air from about 3400 to 200.

00O A capacity to remove oxygen ZO m/U of the test model is described next equation, when the surface
area is AUcm’0 0000000 Zz0O3.22A062.6

U 0O For the result mentioned above, the test model will be more suitable to secondary system of CA-gas
generator by combustion of air than using individual.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 6 : 68—74, 2003



75

Oo0ooooooooos o0 Z00000ogoood
oboooooobd

000000000 DO0OD0O0OD0ODROOO0OOO0OO0

goooo

020030100 100 000

gggooo

oooooOoOoboooOooooooooOoooboooon
oooooooboooOooooooooOooobboooo
oo0ooOoOoOoboooooooooooOooobboooo
0000000000000 M. prunifolia var. ringo0
00OooO00oboOooOooooOoOooogooooooo
000OoO0U0oOOoOoOoooooooogoooooo
O000oooOoooooooooo

O0000o00oOOooOooooOoooogooooooo
O0000o0o0oooOoooo7ymoogoooooon
o000y oboo@boobooooooooo
0000000000 00’ ooooogoooooon
00000000o0oo0ooooon0 oo'oooooon
0000000000 oooooooooooooon
o00o0000o0obo0BOOOoDOObOOobOoOoOT oo
ooooooooooooooooooOooobobooon
ooooooooooooooooooOoooboboooon
o00* 00 booooooooooOooobboooo
ooooooOOoooOoOobobOoOooboooboooo
oooooOoOoboooOooooooooOoooboooon
cooooooboooobooa10 2000000000
co0ooOoOoOoboOoOoOoooOooOoOoooOooobboooo

ggooood

10000

obobooaiobooobooboooon oo oo boe
UobooboobbdguoboobibdMmieimbD
M. 27000 M. 260 O0OO0'00000O00ODOODOO
goboobooobobo® o0 obboobddiee
q400000D0O0OO0000O00ODODDDDODOOOO
15mx15m 000o00o0ooOgoooooooooon
gbooooooobobobomooobdon semUd
goo0 b0’ booooobobsoem0bogonogg
gboobobobobobobobogn miked MU

O0000D00ONo.6 : 75—81, 2003

MR7O0000 40cm OO0 OOO0O0O 30emd OO

200000
gogbobooobooboobobooboobboobo
ggboobooobooboobobooboobboobo
gogbobooboobooobooboobbooobo
gogbooboooboobooobooboobbooobo
gogbobooboobooobooboobbooobo
iogoboobbooboobuooboobobooobog
goooboooboobooonob vocemooboooo
goobooobooboooobooboobobooobog
gooboboboooooooboobobobooboo
goboboboboboooooooobogb2boboo
ooboobboob1oboooooooooooooonon
goooooooooooooysemObOnoOooonononO
gooboboboooooooobooboboboo
gooboobobooooooooboboboboo
gooogooo

0000000y00 13.749x*0 31.165x 0 0.2942000 O
0002 0.9892

00O0MeUyO O 18.472x20 31.403x U 0.08660 U 0
0 O 0O 2 0.9863

0o0oMBOy OO 28.055x*0 31.609x 0 0.13420 0 0O
0 O 0O 21 0.9887

000MROyO DO 51.605x20 35.647x 0 0.212600 O O
0 O r211 0.9796

O0oOMe D OO0ODO'0Oy 00 37.622x20 33.427x O
0.12200 0 0 0O O O r21J 0.9699

ooOyooooOoiloemb 0000000 MM gkOO
000 10emIO00000000O0c¢m20

oooooddddoem 00000 0ooooononono
gobboooboooobooooooocOooooOooono
0ooooooog0o0g0gso0000000000
0bd4001000000 400 200000000



76 ooooooo
O100d0oooooono oo /oooooboooooo
o0 00d000b0bObOO0O00OoOooooooo
oood ogooooy/dao Ooo0dddemd
oo: 161.0 a¥ 272 a
M6 748 b 160 b
M® 63.8 b 164 b
MLp7 504 b 152 b
Mped O OO 68.1 b 176 b
. OOgr /ooooooda
youoouooooooooooo Tukey HSDO OO OO
O0000000pPOo.050
bD200000000000000000100000 2000° 00" /jOooO00ooOO0oOO0oooMgmoooon
oood ooo oo 0 oooo oo [} O 0 ooood
ooooao
0Qgd:z 50.3 ¥ 19.1 bc 6.3¢C 25.4 bc 24.8 cd 248 e
MLD26 99.5¢c 18.8 bc 56¢c 244 ¢ 49.7 ¢ 25.3 cd 75.0 ¢
M® 1229b 21.1bc 8.2b 29.3 bc 59.5b 339a 935hb
MLp7 87.7d 18.0c 50c 231c 42,8 d 21.7d 645d
Mped O OO 224.3 a 425 a 129 a 555 a 139.2 a 296 b 168.8 a
100
od 146.3 c 319bc 33.0b 649 b 53.1a 190 a 9.2a 81.3d
M6 199.3 b 315bc 235¢c 55.1b 68.9 c 49.0 a 179a 8.3a 1441 b
M® 2277b 36.1bc 289b 65.0 b 81.3b 56.3 a 16.7 a 8.2a 162.7 b
MLp7 1471 c 26.6 C 154d 420 c 54.0d 345hb 11.3b 52Db 105.1 ¢
M6t O OO 370.7 a 64.2 a 43.0a 107.3 a 189.3 a 49.8 a 16.2 a 80a 263.4 a
200
od 305.7 b 49.7bc 1139 a 163.6 a 80.9 a 41.8 a 19.2a 1420 c
M6 3212 b 43.2¢C 69.0 ¢ 112.2 b 89.3 b 679bc 36.7a 14.8 bc 2089 b
MO 3345Db 46.1 ¢ 69.2 c 1154 b 1029 b 727ab 299D 13.4 bc 219.1 b
MLp7 1969 c 32.2d 32.3d 64.6 C 65.0 c 41.7d 176 ¢ 7.7d 1322 ¢
MCpe OO DO 4995 a 84.5 a 88.4 b 173.0 a 226.6 a 60.0cd 27.2b 125¢ 326.5 a
2 00" /jooooooo
yooOooooooOoooOOO0 TukeyO HSDOOOOOOOOOOOOPOO.050

coooooobooosooooocooobOoOn
coOoocoOoobOOoooOoOoOoobOOoobooboboooo
oo

gboooog

l00dboobooboobbooboobbooboo
gz000boobboobooboobbooboo
gobooz100bboobooboobobooboo
lelbboobooobobooobobooooboobo
soU 7s00boodoooobooboobo™onod
goboobooboboobooboobobooboo
g 272zem 0000DOO0DOOOOODO0O 1520
le4cmOOOO0O00O0O0O0O0O0O00DOOC

20000010000 2000000000000A0
cooboodooboooobooooooo 2000000

ooooooooomied’ OO0 OOOOOOOO
ooooooooO0oOoooooooooboodmie O
000’ cooobooooooooOooOoooooboboooo
cbOoooooobooooboooooobocoboooon
OoooooooOooooooooocooooomied
MO OO MMprOOO0O0O0O00OO0DOOOO0ODOOOODOO
oot mMmbo Mizel MruoooomMizer OO
O 0booobg4000D0000D0O000DO0OOO
oooboooooooooboooooboobooooboooo
ooooo

01000000000000000D00000M(CRe
O 000" ooooooobooooboobooooboooo
goooogomie OMDDUO MBReO* ODOO O
goobooooooooooooooooobooooo
goooooooobobodobooboodmie MmO
300 med* OO0 OODOOCOO0OO0OOOOMEe
0 000’ ooboooooooooboobooobooooo



goooooobs o0 boobooobooobobo

g3boooooobooooot oo

7

Oobo0obooobooboooooooboooay

oo oood Ox gw Ow ooo o0 0o

oooo 10

onoe 1.83 a¥ 262 a 133 a 0.85 a 0.82 a 118 a 0.44 ab 3.26 a

M6 1.04 b 1.02 b 113 a 0.76 a 0.73 a 1.10 a 0.62 a 240 b

MD® 0.94 bc 090 b 061 b 0.56 b 071 b 1.08 a 0.62 a 254 b

MIp7 083 bc 097 b 071 b 0.56 b 050 b 055 b 0.33 bc 117 ¢

M6 OOO" 055 ¢ 0.64 b 0.73 b 048 b 0.59 b 0.36 b 0.10 c lllc
20

oo 549 a 558 a 2.26 a 169 a 162 a 543 a 161 a 16.89 a

M6 245 b 207 b 151 b 146 a 140 b 3.60 b 1.30 b 1129 b

MD® 1.90 b 157 bc 115¢c 092 b 133 ¢ 293 ¢ 119 b 743 ¢

MIp7 135 ¢ 139 ¢ 093 c 0.89 b 102 c 213 d 0.79 d 5.38 d

Mzed OO0 132 ¢ 1.06 ¢ 1.03 c 082 b 113 ¢ 1.80 d 099 ¢ 5.93 cd

# 00’ /poooooo

vooooooooooooooooy/moooooo

xDoobooooooobooboooooooooy/gOooOobobOonon

wvjOooooooo/pmooooooooo

vDoooooooooooOoO TukeyD HSDOOOOOOODOOODOOPOO0.050

oooOooOoOoOoOooooooMmbeOMIprOOOOO
cooocovbooOOoooOoobooboobOooo
cooooooobobooboboooboboooobooniMizy
coooboog4000000000O0MEB7OOOOO
oooo

OO000O0 200000000000000000MLCRe
O 000 000040000000 0O00O000ODO
D00ooooodoomMize 0 MBO 300 MU
ooO0 oobooo0ooa2bobobooogooooo
OooooooooooMeOMDBOOODODO 600D
coooboodooboooobooooooooooooon
cooobooooboooooooooooooobooOooon
cooboooobooooboooomed ODOO" OO
ooooooooooMize MOOODOODDOOOOO
gbooooooooboboboomipe ODOO O
coooboooobooooooooOooOooOooobooboooon
Oo0o0ooooonoooooooviy O0000OMDed
MO 3000000000O0OMEe* OO0 ODOO
cooobooooboooooooooooooobooboooon
coooboooobooooooooooooooboboooon
oooooooboooooo

30 1000200000000 000D0D0DODOO
ogno

gobooboobboobooboobobooboo
gobooboobbooboobbooobobooboo
gobooboobbooboobbooobobooboo
gobooboobobooboobboobobooboo
obooooo0oonoo0oooooood 1gond
gboooooooobobobooo

cooboodsi1000000000O0000O0 3000
cob0i1000b0o0o0ooooooooOooobooOooon

Oob0bOa1s30000000000C000O0020 30
gboobo0oboooooooooooooooog Me
OmbBOoOooboOvizr0O MeOODDOOMBOO
U mMbel' OO0 ODOODDOOODOOOMIReUO
gobo” obMmrOnb0OOoobD 300o0obOOo0obDOO
goboooobooboboouobboooboboo
gmgbobobooooobooobooboboboboo
bg400000000D0DO0ODOODDODOODOO
gboooooowmie OO MBOOODOODOODODO
MO0 Me/ ODODO" 0O0D0ODOODOODODOOO
gooooooobobobooooooooobogobo
MeOO MDOOMDR7OOMDeO" OOO" OO0
gboooooooboboooboobobobooMmied
OomMBOOOOooOOoOoOMpe OOO 00000
oo3bb0oooooooooooooocoobooOooon
00 MeOO MDBOO MO0 MO OOO" O
goooooogo
O200000000000O0s400000000O0O
gboooooobooboboboooooooogooo
oooooooooooMeOOOOOOMD®OOO
10000 meDOODODOODOODOOO 2000
OmMbeUDOODOODODOOODODOMMDE7ODOO 20
oo mvMbioboopobooboo 20000 v O
gobooboobodgmizrod mxe* ODO O
gobooboobooobooboo
goboobooboobbooboobboooboo
O0ooooooooo MeOOMDBOOMIRYOO
Me ODUOD'OD00O0D0O0OOOOMEeOO MDY
OdmMeO* OO0 OOOODOOOODOOOO OO
goooooo meOODOOOODOOOODOOOOO
gbooooooooboobobobobooooooonoa
gbooooooobooboboboooooooogoo



78

40000000000 OO

goooooo

/000000o0o0bo0obooobooooboooobooooo

oood oo
oooad oooo o 0 0 oo oo oo oo
10
ooz 33.0 a 202 a 9.8 a 62.9 d 110 a 27.0 a 37.1 a
MLD6 144 ¢y 303 a 180 ab 8.4 ab 710 bc 121 a 16.8 b 289 b
MOB 245 b 202 b 15.8 bc 7.8 bc 683 cd 121 a 196 b 317 b
M7 269 b 205 b 19.0ab 88 b 75.3 ab 9.8 a 133 ¢ 231 c
MkeDd OO0 423 a 154 ¢ 131 c 6.5 C 773 a 46 b 180 b 227 C
20
oo 220 a 16.4 a 75 a 459 ¢ 120 b 420 a 54.1 a
MLCD6 180 b 191 b 16.5 a 6.7 a 603 ab 111 b 286 b 39.7 bc
MOB 200 b 182 b 142 b 6.4 a 588 ab 120 b 29.1 b 41.2 bc
MLp7 205 b 183 b 16.1 a 7.0 a 619 b 13.0ab 250 ¢c 381 c
MO OOO" 316 a 110 c 10.0 c 46 b 57.2 ab 154 a 27.4 bc 428 b
. OO0’ /jooooooda

yoooooooooooooo Tukey HSDOOOOOOOOOO OO PO 0.050

osOoooooooooo® ooy ypoobcoboooooobooooooooOobobooooo
ooooo

100 200

oooo OMgd MMgO oooooo 0OMgd Mgd oooooo

oooooo oooooo

A B A/B C D C/D

ooz 93.8 by 93 a 104 b 2554 ab 19.2 a 163 b
M(R6 991 b 83a 120 b 221.7 bc 149 b 182 b
M 105.8 ab 83 a 128 b 2117 ¢ 134 b 18.7 b
M7 612 c 520D 119 b 109.2 d 78 ¢ 184 b
MR6O OOO' 1243 a 80 a 155 a 2744 a 126 b 249 a
# 00" /poooooo

youobouoooooooooD Fishers PLSDUOOOOOODOOOOOPOO.010

MeO O MDOO M7O0 MeO* OOO" ODOO
coooboodoobooooboooooooOooooboOooon
co0i10000000b0Oo0OoO0ooOO0OoOooboboOooon
oo0z20000000000O0O0OO0OO0DOCOOO
coooboooobooooooooooobobooooboooo
OovzyO0O0O MeC OO0O0'0D00O0O0O0OOOOO
coooboboi10000000000O0000DOC000O0
oooooooooooMmeOno MOO 30000
ooooooobooobooono
O2000000000O00000DOO00O00DCOOO
ooobooooooorboeso 1O00O0DOOOOODO
ocoooooooboooon

40000000000000DOO0O0O0DOO0OO
ooobooooooooooooooooooboboooon
oooobooooooooooos10D0000Dbb00O0n
bod40000000000000O0O000O0COO0O0
coooboooobooooboooooooooooooon
cooboooobooooboooooooOooobooOooon
cobobobooooooobooobOoboOooboooooooon

goooooooboomeOOOOooOOooOooOoOoOonO
goooooooooooobooooo
gobobooooooooobooooobodmedn
MO OO M7O00 MeD* OO0 00000000
200000 20000000000000DO0COOO
coobooooooooooOoooooOooOoobooooo
OoOmbiped® OO0 ODOOCOODOOCOOODOOOOO
ooobooooooocooon
O2000000001000000000O0O00O0O
obOoooOooobooobooooobocboooon
oooboooobooooobooooobobooooboooon
oooboooobooooooboooooo mzens OO
O obooooooooboooooboobooooboooo
oobobooooobooooooboooooboboooboooo
OooOmvroO mkpeO MOBBOODOOOODODOOOO
gboooooboomMmbed OO DOOUODODOODO
Oooooooooooobooobooooooogda
OoooooooooooDoOooooOooDnD mipeO
MBOOOODODOOODODOOODOOOooOoOOoOoo



gooooooos oos

Oeooooooooo® OO ygOOo
oooooo/RrOOOOOOO
oooog 100 200
og:z 129 b 0.87 c
MLR26 2.66 a 1.86 b
M 2.50 a 1.89 ab
M7 2.50 a 2.05 a
MpeO OO0O" 244 a 1.89 ab

Z 00’ /pgoooooo
yoooooooooooood TukeyO
HsDOOOOOOOOOOODOPOo.050

5000000000000000000000000
000

000000000000000000 1000200
0000000000000000000000000
0000000005000000000000000
0000000000019g000000000000
0000010000 100 16g02000 160 259 O
00000000000000 MR0OMBOMDR7O0
000000000000000000000000 2
000000000000000000000000
0000000000000000000000000
000000MRyOD0D0000000000000
00000000MO0000000000000000
M26OMBOO00000000000MReD 000"
000 1020000000000000000000
000000000000000000 1000000
00000000000000 20000000000
0000000000000000000

6e0TOROOOOOOOOOOOOOOO
oooooooooo™@TOROMOOOOOOOO
cooooOoooOooba20bO0O20000CO0O0C0O T
OROODOeOOOOOOTOROO10000 200
cooobooooooooooooooOooOooobooboooon
1.300000000000000000D00000O0
TOROODOOOOOOOOOOOODOOOOOOOO
1000000000000 2402700000000
oooboooobooooboob0cooboomiedmaO
M6l OO0 O0000D0O0O0OME7OO ME6O
coobooooobooooa2bbOooobooooon

goooog

ooooooooooooooooooooobooboooon
ooooooooooooooooobooooobboooon
comoomooooooooooooooooon
oooooooooooomized MBBOOOOOOO
coooboooobooooboooooooOooobooOooon
Coo0i1@oobooooooobOoonooomied

gooobooooboooon 79

MOOMDR7OOOOOOOOO0OOO00ODOO 4300034010
deU0000O0O0O0O0OO0DOOOODOOOOOOOO
gboooooboooboooobobooobooooboooon
goboboooboooooooooobooooooooono
gobobooooboooooooooboooooboooooDo
oono

goboooboooooooomrzo MmO Mze D O
goboooooooooooobooooooooDo
gobododsmmied MBBOOOOOOOMEeDO
gopbooobooooooooobooooooOoooDo
goboooboooobooooooooooooooon
MrO0O000 MO MOBODOODOODOOOOO
gbooooooooocooobooooooboomir O
gobbodooboooobooooooocooobooOooonon
ooooooooooomized” OO0 ODDOOOOO
MU OODOODODODOODOODOOOMB7ODODOO
gobbooobooooboooooooOoOooOooOooono
gobooobooooboooooooooooooono

4yMooooooobOoooobooOoooo

gogboboobooboobbooboobboobo
goododddgddddd1gdooooooood
MeU* O0ODO" ODODOOODOODOOODOODO
gogboboobooboooboobooboboobo
ggo
gogboboooboobooobooboobobooobog
gogboboooboobooobooboobbooobog
goobooobooboooobooboobobooobo
goobooobooboooobooboobobooobo
goobobobooooooobooboobobooboo
goobobobooooooobooboobobooboo
gooboboboooooooobobobooboo
gooboboboooooooobooboboboo
gobooobooooooooOororo0obOOOmmO
gobooooboo T rROOODOOOODOOOODO
goobooboboooooooboobooboboboo
goooobooobbbbooooooooooobooboo
goobobobobooooooobooboboboo
gooboobobobooooooobooboboboo
go0sMmoboobobooooooboobooboboo
goobobobobooooooobooobobosmo
gogbobooboobooobooboobboobo
gogoboooboobooobooboobobooobo
gogoboobooboboon
gogboboooboobooobooboobobooobo
goobooobooboooobooboobobooobo
goobooobooboooobooboobobooobo
gooboboboooooooboobobobooboo
gooboboboooooooboobobobooboo
gooboboboooooooobobobooboo
gooboboboooooooobo Mz



80 oooo0ooo

goooboooboobobooooomiroog
gboboooooooboobobobmoobooboo
gobooboobboobooboobbooboo
goboobogn
gopbobobobbebbbDbDbbOOO0O0ooogo
gobooboobboobooboobobooboo
gobooboobobooboobboobobooboo
goboobooboboboboobbooobobooboo
gobooboobbooboobboobobooboo
ooboobooboboboboobooobooboo
gbooooooboobobobobooooooooDg
gbooooooboobobobobooooooooDg
gboboooooboobobobobooooooooo
gboooooobooboboboboooooogo

ogooooo

gboooooooo: OO0 obobooooogoo
O00o000o0ooovizetmMbiMp7O O M6 D O
o0’ b400000000000O0000 20000
gobooboobboobooboobbooboo
gobgooboobboobooboobbooboo
gobooboobbooboobooobbooboo
goboob+0booobooobboobooboo
o0 MeOO MDBOO MO0 Mie " OO0 O
gobooboobboboboobboobobooboo
goboobooboboobooboobobooboo
gobooboobboobooboobobooboo
gboooooobooboboboboooooogog
gboooooobooboboboooono me O
M OO me D OO0 OO0 MR7OODODOO
000000000 0DOO0DODOoOmMmpeD ODO

gbooooooobooboboboooooooogooo
gboboToRrRObOOODDOODOOODOOODOOO
gb2000 mp70O0O MBeUDOODODOOODOO
gboboobooboobboobooboboooboo
goboobooboobbooboobboooboo
goboobooboobbooboobbooboo
goog

goooogn

1000000 ;0000000000000 0oD 000
O00000000202-2120 000019950

20 Kolke H., K. TSUKAHARA and Y. KoBAYAsHI : Influence
of planting depth on growth, yield and fruit quality of
MCD6 interstem’ Fuji' apple trees. J. Japan, Soc. Hort.
Sci. 57 30 : 360365, 1988.

30000000000 ;000000000000 000O
oooooo* 00 oooooooooooode2

0 1M49-541993

40 PARRY M. S. and W. S. RoGeRs: Effects of interstock length
and vigour on the field performance. J. hort. Sci. 47 :
97-105, 1972.

500 Simons, R. K: Compatibility and stock—scion interactions
as related to dwarfing. Rom R. C. and R. F. Carlson

U editorlt Rootstocks for Fruit Crops. 79-106. John Wiley
& Sons, New York. 1987.

60 WERTHEIM, S. J. and O. CALLESEN: Results of Multi-site
interstem trials with apple trees. Gartenbauwissenshaft.
681 60] : 251-259, 2000.

70 Tukey, H. B.: Dwarfing apple interstocks. Dwarfed fruit
trees. 155-163. Cornell University Press, Ithaca and
London. 1964.



goooooobs o0 boooboooboooboobo 81

Effect of interstock on the growth of* Fuji’/ Marubakaido apple tree

Osamu ARAKAWA, Kun Luo and Takenori ASADA

Laboratory of Horticulture

SUMMARY

O O The effect of different interstocks grafted with® Fuji' / Marubakaidol M. prunifolia var. ringoUon the shoot
growth and the dry matter production was investigated using M26, M®, M7 and M[26 O Tsugaru’
for two years.

0 O The number of shoots and the shoot length were the highest in the control treeld without interstock]
and there was no significant difference among the other interstocks. The relative changes in the dry weight
incrementd dry weight increment/dry weight at plantingd was the controld M260 M0 MI270 MLR60
‘ Tsugaru'. There was a significant positive correlation between the relative changes in the dry weight
of the top part and the root. The proportion of the dry mass allocated to the root was higher in the
trees having a higher relative change value of the total dry mass. The dry mass-production efficiency
of the leavesU total dry mass increment/dry weight of leavesUin M[26 0° Tsugaru’ was significantly higher
than for the other treatments, and there were no significant differences in the other treatments. The top/root
ratio in the control tree was significantly higher than the other treatments.  These results showed that
the interstock of the dwarf rootstock decreased the tree growth, which is related to the growth of the root.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No. 6 : 75—81, 2003
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“ The Tale of the Nanbu Riots”: Rumor, Folk Entertainment and World of the People

Isao TAkeDA™", Kensaku KaNDA"" and Motoi HAYASAKA™-

0 Y Historical Studies Society of INVATE
0 9% Regional Resouces Management, HIROSAKI Univ.
O "9 Historical Science Society of HOKKIDO

SAMMARY

U O Peasant uprisings broke out in the Nanbu district in the the late Edo era in 1847 and 1853. A few
years ago we found unpublished records in the Hirosaki City Library. We surmised that these records
were produced by a person in Hirosaki. From these old documents it can be understood that the people
in those days tried to transmit rumor of the peasants’ uprising as a folk entertainment. These documents
are reproduced here and introduced.

Bull. Fac. Agric. & Life Sci. Hirosaki Univ. No.6 :82—98, 2003
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