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Abstract: To clarify the distribution of transverse tubule-sarcoplasmic reticulum (T-SR) com-
plexes in the swimbladder muscle (SBM) of the scorpionfish (Sebastiscus marmoratus), elec-
tron microscope observations were performed. In the anterior part of the SBM, Z-type triads
were exclusively observed, in contrast to the regular distribution of Al- and Z-type triads with
pentads and heptads in the posterior part of the SBM reported in our previous paper. Various
body muscles of scorpionfish contained only Z-type triads. Furthermore, SBM and body wall
muscles (BWM) in other sound-producing fishes each contained only one type of triadic con-
tacts. In the posterior fibers of scorpionfish SBM, feet on the junctional SR membrane formed
a square lattice with three or more vertical lines and numerous horizontal rows. Isolation and
identification of ryanodine receptor (RyR) revealed that « RyR and SRyR coexist in the SBM
and BWM of scorpionfish. Anti-a RyR and S RyR antibodies were produced in rabbits, and im-
munoelectron microscopy with these antibodies demonstrated that both o RyR and B RyR form
parallel lines respectively on the same junctional membrane as Al- and Z-type triads. The re-
sults are discussed in connection with the anatomical features and function of the swimbladder.
Keywords: swimbladder muscle, fish body muscles, distribution of triadic contact, feet array,
coexistence of aand f ryanodine receptor isoforms

Introduction

Triadic contacts between the transverse (T) tubule
and the sarcoplasmic reticulum (SR) are very signif-
icant for ensuring excitation-contraction (E-C) cou-
pling in the skeletal muscles"®. Generally, two types
of triadic contact are found in the skeletal muscles of
vertebrates”. One is the Al-type triad located around
the boundary between the A- and I-bands of the
sarcomere, and the other is the Z-type triad found
around the Z-band of the sarcomere. Furthermore,
it has been believed that each muscle fiber contains

only one type of triadic contact”. However, in 2003,
the authors found newly that, in scorpionfish swim-
bladder muscles (SBM), two types of triadic contact
together with the other T-SR complexes (pentads
and heptads) are distributed regularly within single
fibers®?. The previous study also clarified that the
SBM is anatomically constructed with the anterior
and posterior parts connected by a layer of tendon
at the middle of the muscle, as also reported for the
toadfish SBM”, and the new finding on the distribu-
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tion of triadic contacts was made in the posterior
part of the SBM. In the present study, electron mi-
croscope observations were performed to examine
whether the unique distribution of triadic contacts is
also found in the anterior part of the SBM and other
body muscles of scorpionfish, and in the BWM and
body muscles of other sound-producing fish.

It has been believed that, in the E-C coupling of
skeletal muscles, the signal transmission from T tu-
bules to SR is completed by the membrane proteins
located respectively in those junctional membranes,
namely dihydropyridine receptor (DHPR) in T tu-
bules and ryanodine receptor (RyR) in SR, and that
the RyR corresponds to feet found electron micro-
scopically in triadic junction®. In the present study,
a two-dimensional array of feet was analyzed by
measuring their dimensions and distances.

It is also well known that, in some amphibian
and fish skeletal muscles, two kinds of RyR iso-
form, «RyR and BRyR, are arrayed alternatively
in the junctional membrane of the terminal cister-
nae of SR to ensure efficient Ca release for contrac-
tion”. Since little information is available at present
on the RyR isoform in the scorpionfish SBM, bio-
chemical isolation and identification of RyR and im-
munoelectron microscopy using anti-RyR antibodies
produced from the identified RyR were performed.
To give an ultrastructural basis for the analysis of
RyR isoform distribution, the foot considered to be
the real structure of RyR was observed by electron
microscope, and the dimensions and factors of the
two-dimensional array were measured. Further-
more, to identify the Ca-binding protein in the T-SR
complex of the scorpionfish SBM, additional im-
munoelectron microscopy using anti-calsequestrin
(CSQ) antibody was performed.

Materials and Methods

Muscle fiber preparation

Adult scorpionfish, S. marmoratus (body length 16-
20 cm), were collected at Sagami Bay or obtained
from a commercial source, and kept in a natural sea-
water tank at 17°C. Other sound-producing fish for
comparative studies, gurnard (Chelidonichthys spi-
nosus, body length ~40 cm) and white croaker (4z-
gyrosomus argentatus, body length ~30 cm), were
obtained at Odawara Fish Market. The procedure
for preparing the scorpionfish SBM was described

precisely in our previous paper®. Briefly, a bundle of
3-5 fibers (2 situ length) with tendons was dissected
from the anterior and posterior parts of the SBM in
a fish Ringer's solution. They were mounted horizon-
tally in an acrylic chamber filled with the Ringer's
solution; both ends were mechanically fixed with
pins on a silicone rubber plate put on the bottom of
chamber. In the case of various body muscles used
for swimming, fiber bundles were also prepared,
and fixed mechanically with pins by using tendons.
For the gurnard and white croaker, fiber bundles of
SBM and body wall muscles (BWM) were prepared
in the same way.

Electron microscopy

For conventional electron microscopy, muscle fibers
of 1n situ length were fixed with a 2.5% glutaralde-
hyde solution, post-fixed with a 1% osmium tetrox-
ide solution, dehydrated, and embedded in Quetol
812. To observe the distribution of triadic contacts in
the anterior part of the scorpionfish SBM, the single
fiber was divided into 12 longitudinal segments
prior to the embedding. In the body muscles of scor-
pionfish and various muscles of gurnard and white
croaker, no segmentation was performed before em-
bedding. Ultrathin sections of the fixed preparations
were cut on an Ultracut N ultramicrotome (Reichert,
Vienna, Austria), and stained with uranyl acetate
and lead citrate. Sections were examined by using
a transmission electron microscope (JEM2000EX:
JEOL, Akishima, Tokyo, Japan).

For immunoelectron microscopy, the muscle fibers
were fixed with a 4% paraformaldehyde solution,
and treated with 50 mM glycine solution to neu-
tralize the aldehyde groups'® V. After dehydration,
they were embedded in Lowicryl K4M resin, and
polymerized by illumination with ultraviolet light
at -20°C. Ultrathin sections treated previously with
20 mM glycine and 1% bovine serum albumin (BSA)
were immunostained with anti-a RyR antibody, anti-
B RyR antibody and anti-CSQ antibody. Then they
were stained secondary with AuroProbe EM goat
anti-rabbit IgG conjugated with colloid gold particles
of diameter 5 nm for anti- « RyR antibodies or diam-
eter 10 nm for anti- 8 RyR antibodies and anti-CSQ
antibodies. Anti-RyR antibodies were produced in
the present study as described later, and anti-CSQ
antibody was obtained from a commercial source.
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Immunostained sections were observed with the
same electron microscope as described above.

Production of anti-RyR antibodies and their
specificities

Purification and characterization of o and S RyR
and their antibodies from SBM and BWM of scorpi-
onfish were conducted as described by Murayama
and Ogawa (1992)'?. Scorpionfish muscles were
homogenized and centrifuged at 4,700 g for 20 min.
The SR fractions were obtained from the pellet of
centrifugation after centrifuging twice at 27,000 &
for 70 min. The fractions were then solubilized in
4% CHAPS solution, and centrifuged at 100,000 g
for 30 min. The supernatant was layered onto tubes
of 5-20% linear sucrose density gradient, and centri-
fuged at 69,000 g for 20 h. The resulting fractions (5
ml each) were analyzed for protein composition by
SDS-PAGE and for [°H] ryanodine binding by means
of scintillation counting.

To identify RyR isoforms, SDS-polyacrylamide gel
electrophoresis (PAGE) and western blotting were
performed. In SDS-PAGE, SR fractions of Xenopus
laevis were also used as a marker, together with
the standard marker obtained from a commercial
source. Proteins separated by SDS-PAGE were

treated with western blotting, using a pan-RyR pri-
13)

and the secondary antibody (per-

mary antibody

T-SR Complex in Scorpionfish Swimbladder Muscles 3

oxidase conjugated goat anti-rabit IgG antibody).

Polyclonal antibodies against RyR (« and 3 ) puri-
fied from the scorpionfish body muscles were pro-
duced in rabbits. Rabbit serum was collected after
five immunizations with the emulsion (including
complete/incomplete Freund's adjuvant) by intra-
dermal injection at two-week intervals. Antigens
separated by SDS-PAGE were electro-phoretically
transferred onto a polyvinylidene difluoride (PVDF)
membrane. Using these membranes as a purifica-
tion tool by reacting with anti-serum, anti-BWM
RyR (a and ) antibodies and anti-SBM RyR ( «
and $) antibodies were obtained.

Results

Distribution of various triadic contacts in
fish muscles

To confirm the distribution of triadic contacts or
T-SR complexes, SBM and body muscles of scor-
pionfish and two kinds of sound-producing fishes
were examined by electron microscopy. Longitudinal
sections of 12 segments divided from the anterior
part of scorpionfish SBM fibers were observed. In
contrast with the diversified distribution of T-SR
complexes in the posterior part®, the T-SR complex
almost exclusively contained the Z-type triad in the
anterior SBM fibers, as shown in Fig. 1. Only one
triadic contact (pentad and/or heptad) was excep-

= -

Fig. 1. Triadic contacts of scorpionfish SBM. A. Typical electron micrograph of myofibrils in the anterior part of SBM,

showing Z-type triads. Scale bar, 1 um. B-M. Z-type triads in 12 segments (the 1** ~ the 12%) of anterior SBM fibers. N and
0. Pentad and heptad rarely found in the 5" segment. P. Typical Z-type triad in both end regions of posterior SBM fibers. Q.
Al-type triad in the central region of posterior SBM fibers. R. Heptad and pentad in the mixture region between the both
fiber ends and its central region of posterior SBM fibers. Arrows indicate T tubules. Scale bar, 0.5 pm (B-R).
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Fig. 2. Triadic contacts of scorpionfish body muscles. Electron micrographs of Z-type triads in supracarinalis posterior
muscle (A), infracarinalis posterior muscle (B), abductor superficialis muscle (C), inclinator analis muscle (D), arrector dor-
salis pelvicus muscle (E), hypochordal longitudinalis muscle (F), and interradialis muscle (G). Arrow indicates T tubule.
Scale bar, 0.5 pm.

tionally observed in the 5" segment of the anterior
part (Fig. 1M, O). In contrast, the diversified dis-
tribution of T-SR complexes® was re-confirmed by
observing 12 segments of the posterior SMB fibers.

For comparative morphology, seven body muscles
of scorpionfish were observed: supracarinalis poste-
rior, infracarinalis, posterior, abductor superficialis,
arrector dorsalis pelvicus, inclinator analis, hypo-
chordal longitudinalis, and interradialis. All triadic
contacts in these muscles were the Z-type triad (Fig.
2).

The SBM and body wall muscles of two other
sound-producing fishes which are different from
the scorpionfish were also observed. In gurnard, the
triadic contacts were the Al-type triad in SBM (Fig.
3A), and the Z-type in the pectoral fin muscle and
the BWM (Fig. 3B). In white croaker, the triadic con-
tacts were the Z-type triad in SBM and BWM (Fig.
3C, D).

Two-dimensional array of feet
The feet of triads were observed in the posterior part

Fig. 3. Triadic contacts observed in muscles of sound-
producing fishes (gurnard and white croaker). A. A-I type
triads in gurnard SBM. B. Z-type triads in gurnard pecto-
ral fin muscles. C and D. Z-type triads in SBM and BWM
of white croaker. Arrow indicates T tubule. Scale bar, 0.5
pm.

of scorpionfish SBM fibers. In longitudinal sections
cut parallel to the myofibril axis, feet were detected
as a row with a regular interval along the triadic
junction (Fig. 4A, C). On the other hand, in trans-
verse sections cut in perpendicular to the myofibril
axis, feet were arrayed as a square lattice (Fig. 4B,
D), constructed with three or more vertical lines
and numerous horizontal rows. The overall shape
of each foot was a square with a concave center on
the side. These structural views of feet were not
fundamentally different between Al-type and Z-
type triads. Various dimensions and distances of the
arrayed feet were measured. The measured values
were summarized in Table 1.

In longitudinal sections, the inner and outer di-
ameters of T tubules were approximately 24 and
45 nm, respectively. There was no difference in the
measured values between Al- and Z-type triads. The
gap distance of T-SR junctions in Al-type triads was
11.6 nm, and slightly wider than that measured in
Z-type triads. The long and short diameters of feet
found in the junctional gap were approximately 16.5
and 9.5 nm in Al- and Z-type triads, respectively.
The center-to-center distance between feet was 33.7
nm in Al-type triads, and larger than the value mea-
sured in Z-type triads (32.5 nm).

In transverse sections, the center-to-center distance
between feet was approximately 36.5 nm along the
vertical lines in Al- and Z-type triads. Along the hor-
izontal rows, it was 39.3 nm in Al type triads, and
shorter than that measured in Z-type triads (42.7
nm). The side lengths of each foot found in AI- and
Z-type triads were 27.7 and 29.3 nm respectively.
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Fig. 4. Feet array in triadic contacts of scorpionfish SBM. A and B. Cross-sectional views of A-I type triads, showing a feet
row with regular intervals (A) and a square lattice of feet (B). C and D. Cross-sectional views of Z-type triads, showing a
feet row with regular intervals (C) and a square lattice of feet (D). Arrows indicate T tubule. Scale bars, 100 nm.

Table 1. Dimensions and distances of structural compoents of triadic contacts in scorpionfish swimbladder

muscles
# Structural components AI-tyg;entriad o) Z-ty%(irfriad (=) siélﬁ;j‘fiega(gce
Inner diameter of T tubule 24.1+17.8 (51) 24.4+6.9 (52 >0.5
Outer diameter of T tubule 45.1 £10.0 (51) 446 +8.6 (52 >0.5
A Junctional gap distance 11.6+1.7 (88 11.0+ 1.3 (1) <0.001
C-C D* between feet 33.7+4.0 (129 32.5+2.3 (121 <0.001
Long diameter of foot 16.7+ 3.4 (159 16.3+3.0 (318 >0.5
Short diameter of foot 9.7+ 1.8 (159 9.6+1.2 @7 >0.4
C-C D* between horizontal rows 36.3+3.6 (32 36.8+3.7 (33 >0.5
B C-C D* between vertical rows 39.3+2.4 (18 42.7+4.1 (27 >0.01
Side length of foot 27.7+2.3 (31 29.3+£2.6 (30 >0.01
#A, B: Measurements in EM images of longitudinal (A) and transverse (B) sections.
C—C D*: Center-to-center distance.
Values are the mean = SD.
Production of anti-RyR antibodies
To purify RyR ( @ and B ) of scorpionfish muscles, M 1 2 3 1 2 3
the solubilized SR from SBM and BWM was frac- -=o
tionated by sucrose density-gradient centrifuga- -

tion. The resulting 16 fractions were analyzed for
composition by SDS-PAGE and for [’Hlryanodine-
binding activity. The 12" and 13% fractions from
SBM and BWM strongly revealed the presence of
proteins corresponding to RyR used as the stan-
dard marker, and [*H] ryanodine-binding activity.
SDS-PAGE for SR fractions of scorpion fish mus-
cles indicated two bands corresponding to the « RyR
and S RyR bands exhibited in SR fractions of Xeno-
pus (Fig. 5A). Western blotting for these two bands
using anti-RyR antibodies derived from synthetic
peptide demonstrated strong binding activity (Fig.
5B), indicating that scorpionfish SBM and BWM

aRyR.

ﬁRyR\:; -—
pood -
206 w= ==
116 s
97 * E
e CcSQ
—
45 ' .
29 -
A B

Fig. 5. Analysis of SR fractions of scorpionfish muscles on
SDS-PAGE (A) and western blotting using anti-RyR anti-
bodies derived from synthetic peptide (B). Lane M, mark-
ers. Lane 1, SR fractions of Xenopus. Lane 2, scorpionfish
SBM. Lane 3, scorpionfish BWM. *, Ca-ATPase.
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1 2
aRyR

1 2
ﬁRyR3 . : -
-
C D

Fig. 6. Specificity of the isoform-specific antibodies
against «RyR and BRyR. A. Purified « RyR and BRyR
from SR fractions of scorpionfish SBM (Lane 1) and BWM
(Lane 2), separated by SDS-PAGE, transferred electropho-
retically onto a PVDF membrane, and stained with Coo-
massie Brilliant Blue. B-D. Immuno- blotting against RyR
(shown in A) by using the anti-RyR antibody derived from
synthesized peptide (B), the anti-SBW a RyR antibody (C)
and the anti-SBM 3 RyR antibody (D). Lane 1, scorpion-
fish SBM. Lane 2, scorpionfish BWM.

contain both « RyR and B RyR. In SDS-PAGE,
bands derived from Ca-ATPase and CSQ were also
detected.

The specificity of the isoform-specific anti- bodies

derived from rabbit serum against « RyR and f
RyR of SBM and BWM was examined. As shown
in Fig. 6, RyR proteins on the PVDF membrane
were immunostained well, indicating the success-
ful production of anti-SBM and BWM RyR (  and
B ) antibodies.

Immunoelectron microscope observation

The distribution of « RyR and S RyR in the scor-
pionfish SBM was examined by immunoelectron
microscopy. To visualize the localization of RyR iso-
forms, secondary antibodies conjugated with gold
particles of diameter 5 and 10 nm were used against
the primary anti-aRyR antibody and anti-3RyR an-
tibody, respectively. Typical results are shown in Fig.
7. No gold particles were observed when SBM was
treated without the primary antibodies in whole
fibers including Al-type (Fig. 7A, E) and Z-type tri-
ads (Fig. 71), indicating that no specific reaction was
caused by process of immunostaining. In the sec-
tions stained with primary and secondary antibod-
ies, gold particles with both small and large diam-
eters were observed as clusters at triadic junctions,
especially on the junctional membrane of SR, in Al-

Fig. 7. Immunoelectron microscope images for RyR isoforms labeled with anti-SBM «RyR and B RyR antibodies in scor-
pionfish SBM. A-H. Cross-sectional views of Al-type triads in longitudinal sections (A-D) and transverse sections (E-H).
I-L. Cross-sectional views of Z-type triads in longitudinal sections. Antibodies conjugated with gold particles (small for o
RyR and large for S RyR), indicating localization of RyR isoforms, are never detected in sections treated without antibod-
ies (A, E, I), and found together in the junctional region of triadic contact in sections treated with antibodies (B-D, F-H,
J-L). C, G and K are enlarged views of B, F and J, respectively. Other enlarged views are also shown in D, H and L. Note
the array of gold particles. Scale bars, 500 nm (A, E, I); 100 nm (B, F, J); 50 nm (C, D, G, H, K, L).
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type triads (Fig. 7B, C, D, F, G, H) and Z-type triads
(Fig. 7J, K, L). In Fig. 7C showing the longitudinal
view of Al-type triads, three large particles are ar-
rayed linearly with roughly equal spacing along the
junctional membrane, and four small particles are
arrayed in parallel with the row of large particles.
In Fig. 7G showing the transverse view of Al-type
triads, seven small particles are arrayed roughly
linearly with one large particle. In Fig. 7K showing
the longitudinal view of Z-type triads, three large
particle and two small particles appear closely side-
by-side. In the observations of particle arrays, small
and large particles were never found along the same
lines; they were segregated from each other to form
the respective lines.

To consider the arrangement of RyR isoforms on
the junctional SR membrane of triads, center-to-
center distances between gold particles were mea-
sured. In the A-I type triad, distances were 19.2 =+
9.6 nm (n=66) between small particles, 24.8 = 14.2
nm (n=55) between large particles, and 21.2 + 7.6
nm (n=96) between small and large particles. In the
Z-type triad, distances were 29.0 = 22.1 nm (n=40)
between small particles, 36.3 + 21.7 nm (n=43) be-
tween large particles, and 30.2 = 16.9 nm (n=58)
between small and large particles.

Imunoelectron microscopy was also applied to de-
tect Ca-binding protein, CSQ, in the scorpionfish
SBM. Gold particles were detected in the terminal
cisternae of SR (Fig. 8), as suggested previously by
the existence of the CQS band on SDS-PAGE (Fig.
5A).

Discussion

Distribution of triadic contacts

As revealed in the previous study, in posterior SBM
fibers, Al-type triads and Z-type triads are regularly

Fig. 8. Immunoelectron microscope images for CSQ
labeled with anti-CSQ antibodies in scorpionfish SBM.
Antibodies conjugated with gold particles, indicating lo-
calization of CSQ, are found in the region of SR terminal
cisternae. Scale bars, 200 nm (A); 50 nm (B).
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located respectively in the middle and both ends of
the fiber®. In contrast, precise observations clarified
that the triadic contacts were only Z-type triads in
the anterior SBM fibers, although other triadic con-
tact (pentad and/or heptad) was observed exception-
ally. Furthermore, the triadic contacts were Z-type
triads exclusively in seven kinds of body muscles.
In addition, SBM and body muscles of other sound-
producing fish respectively contained only one type
of triadic contacts. The present results reconfirmed
that the coexistence of two different types of triad
in the posterior SBM of scorpionfish is an extremely
rare example among vertebrates, and suggested that
the different distribution of triadic type between an-
terior and posterior parts in SBM is meaningful for
sound production in the swimbladder.

Two-dimensional array of feet

The measured dimensions of feet and the center-to-
center distance between them in longitudinal sec-
tions coincided well with values reported in previous
papers® '* 1 In transverse sections, feet were ar-
rayed as a square lattice on the junctional SR mem-
brane as found in the SBM of toadfish'. The lattice
array was generally constructed with a few vertical
lines and numerous horizontal rows. Since they
were observed in the same plane, it was difficult to
identify whether the outside lines corresponded to
the row of parajunctional feet proposed in another
paper'®. The side lengths of each foot comprising the
array were approximately 28 nm and 29 nm in Al-
and Z-type triads respectively, agreeing well with
the established values'®.

The center-to-center distances of feet located on the
vertical lines in lattice arrays were approximately
36 nm in Al- and Z-type triads, and shorter than the
diagonal length (~40 nm) of square feet with 25 nm
side length. This result means that feet are arrayed
at an angle to the vertical axis in the lattice array;
the angle was estimated to 5~8 degrees by means
of geometric figure analysis on papers. In contrast,
the center-to-center distances of feet located on the
horizontal rows in lattice arrays were approximately
39 and 43 nm in Al- and Z-type triads, respectively,
and the values roughly corresponded to the diago-
nal length (~40 nm) of the square foot. However, if
the respective foot is arranged on the vertical line
of the lattice at 5~8° angles to the line axis, horizon-
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Fig. 9. Schematic drawing of feet array in scorpionfish
SBM. Numbers of horizontal lattice rows and vertical lat-
tice lines are not real. Center-to-center distances between
feet (a =~40 nm, b = ~36 nm).

tal rows may form with a space of 3~4 nm between
them, as shown in Fig. 9. This fact may support the

orthogonal array of feet proposed previously' .

Localization and two-dimensional array of
aRyR and fRyR

Isolation and identification of SR membrane pro-
teins revealed that, in scorpionfish, two kinds of
RyR isoforms (a and f ) are contained not only in
SBM but also in BWM. Immunoelectron micro-
scope observations demonstrated their localization
on the junctional SR membrane in both Al- and Z-
type triads of SBM. Regarding the existence of RyR
isoforms, the present results contrasted with the
case of toadfish; it has been reported that the SBM
of toadfish contains only o RyR'. The discrepancy
may be due to specific differences among fish and/or
muscle type.

The center-to-center distances between gold par-
ticles suggested that RyR were roughly arrayed on
the junctional membrane. However, using only this
measurement, it is difficult to know the precise ar-
rangement on the square lattice expected from the
section view as shown in Fig. 4, because the length
of IgG antibody and particle size may disturb the
real position of membrane proteins. On the other
hand, the pattern of the particle array was sig-
nificant. Although small and large particles were
arrayed linearly, they were never observed along
the same line. This means that each RyR isoform
forms an inherent line, excluding other isoforms,
and supports a similar idea of segregated array
proposed elsewhere'”. Since aRyR is believed to be
the electrically-sensitive Ca-release channel (foot)?,
it seems likely that the line including aRyR occu-
pies the central position in the square lattice of feet,
exactly opposing the T tubule membrane including
DHPR.
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Abstract: We investigated the crystallization of an amorphous Si layer grown on single
crystalline Si substrates enhanced by irradiation with various energetic particles. We com-
prehensively compared the crystallization rate on 150-keV proton beam irradiation with
that on 8-MeV electron beam irradiation under the same condition of displaced atom density
to examine the effect of inelastic energy deposition on crystallization, since the electronic
energy loss in Si for a 150-keV proton is significantly different from that for an 8-MeV elec-
tron. The crystallization rate was quantitatively analyzed by the Rutherford backscattering
channeling method. Consequently, recrystallization of the amorphous Si layer was only ob-
served in the case of proton beam irradiation. We proposed some factors to explain the beam
induced crystallization process observed with high-energy proton and electron irradiation.
Keywords: ion beam induced epitaxial crystallization, electron beam induced epitaxial crys-
tallization, nuclear energy deposition, electronic energy deposition, Rutherford backscattering

spectroscopy

Introduction

Quantum beam irradiation is one of the essential
techniques for fabrication of functional materials as
well as characterization of material properties. It is
well recognized that ion implantation has in particu-
lar succeeded in highly controlled selective impurity
doping in materials and widely applied to fabrica-
tion of semiconductor devices today. It is previously
reported that annealing under ion beam irradiation
enhances the epitaxial crystallization of amorphous
Si layer synthesized on a single crystalline Si sub-
strate at low substrate temperatures at which the
crystallization could not take place by conventional
annealing under thermal equilibrium condition .
Such an epitaxial crystallization at low tempera-
tures was also observed in electron beam irradiation
so far ¥, Here, beam induced epitaxial crystalliza-
tion by ion and electron beam is respectively known
as IBIEC (ion beam induced epitaxial crystalliza-
tion) and EBIEC (electron beam induced epitaxial
crystallization). Here, the energy deposition process

from energetic particles to lattice system is catego-
rized into two contributions of inelastic energy depo-
sition of electron excitation/ionization and elastic en-
ergy deposition by direct collision between incident
and target nuclei. It has been widely recognized that
the creation of vacancies and interstitials induced by
elastic collisions primarily plays the most important
role in the beam induced crystallization processes.
Some researchers however pointed out that the
electron-hole pairs generated by electronic energy
deposition due to inelastic scattering also greatly
contribute to the enhancement of recrystallization,
though the reliable verification on the role of inelas-
tic energy deposition in the recrystallization process
has not been found yet '*'”. To clarify the recrystalli-
zation mechanism, the irradiation of different types
of energetic particles, which provide different energy
deposition and defect formation in a lattice system,
should be valuable.

We performed EBIEC and IBIEC treatments to

©Research Institute for Integrated Science, Kanagawa University
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amorphized Si(100) samples at 400°C , and compared
the results under the same conditions of substrate
temperature and the nucleation density of displaced
atom. We comprehensively investigated EBIEC and
proton-IBIEC, in which the electronic energy loss is
predominant process in ion-solid interactions rather
than nuclear energy loss, and discuss the role of in-
elastic energy deposition in the radiation enhanced
crystallization.

Materials and Methods

We prepared a 4-inch n-type Si(100) (1-10 Q
cm) wafer and cleaved it to small 6 6 mm? pieces.
These samples were then self-irradiated by 190-
keV Si* ions with ion fluences of 2.0 X 10" and 5.0 x
10" cm™? at room temperature (RT) to form surficial
amorphous Si layer.

Electron beam irradiation was performed by elec-
tron linear accelerator (LINAC) facility at the Insti-
tute for Integrated Radiation and Nuclear Science,
Kyoto University. Pulsed electron beam of 8-MeV
energy was irradiated to the samples at the sub-
strate temperature of 400°C with a beam fluence of
4.2x 10" cm™? in He gas ambient. The irradiation
time was about 46 h. The fluence was determined
so that the atomic displacement density of 4.5 X
10 cm™® (~0.01 dpa: displacement per atom) coin-
cides with that in the previous neutron irradiation

¥ Here, the cross section for atomic

experiments
displacement of Si in irradiation of 8-MeV electron
was obtained by interpolation in numerically cal-
culated values reported by Oen, to be about 3x10%
cm? 9. The sample temperature was monitored by
K-type thermocouples contacting the back-surface
of samples via an ultra-thin mica film. During the
EBIEC treatment, we carefully adjusted the beam
current and air flow intensity of a blower set outside
the irradiation chamber to keep the substrate tem-
perature at 400°C .

To substantially distinguish the crystallization by
electron beam irradiation from that by the thermal
effect, we annealed another piece of amorphized
samples in a conventional electrical furnace in He
ambient without beam irradiation at the same tem-
perature and durations as the conditions of EBIEC
treatments.

Ton irradiation was carried out with a 200-kV
medium-current ion implanter at Shonan Hirat-

)

102

FXRE O35 S e e e s
5 \“‘m&% ——150 keV proton (1x10' cm™) ]
SR === = 8 MeV € (4.2x10" em™)

L area

10" |

protototet s
[ on’::
XA
Da%0%0"s2005eS
,.y.,‘.,:..

FRXARII
107 | S

<

9%
o3
XX

T
2

I Bossssiess: dodetetitetes
0:0:0:0:0:0% opoteditetele
SRS

Displaced Atom Density (atoms/cm

o5
QR
i K| 1 1 1 1 1

0 100 200 300 400 500 600 700 800 900 1000
Depth (nm)
Fig. 1. The atomic displacement density for 150-keV pro-

ton and 8-MeV electron with the respective fluences of 1.0
% 10"%and 4.2 x 10" cm™ as a function of depth.

o
o
(XX

—
>
[

suka Campus, Kanangawa Univeristy. The proton
beam with an incident energy of 150-keV was irradi-
ated at 400°C with a fluence of 1 X 10'6 cm?®. The beam
flux was ~2 x 10" cm? s™. According to TRIM Monte-
Carlo simulation?”, the atomic displacement density
around the interesting region with a fluence of 1.0 X
10'® ecm™ is estimated to be 4.5 X 10 cm®, which is
comparable to that by the EBIEC treatment of 4.2 X
10" cm™ fluence. The atomic displacement density
for 150-keV proton and 8-MeV electron with the re-
spective fluences of 1.0x 10" and 4.2 X 10" cm™ as a
function of depth is shown in Fig. 1. In order to eval-
uate the actual IBIEC effect on recrystallization, we
covered half area of the sample surface with another
small Si piece; accordingly, the masked area can be
a good monitor for thermal annealing effect at 400C
without beam irradiation.

The crystallized thickness and quality of irradiated
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Fig. 2. RBS-channeling spectra for prepared as-amor-
phized specimens by self-bombardment with 2 x 10" and
5 x 10" cm™ fluences.
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area were analyzed by Rutherford backscattering
(RBS) channeling method using 2.0 MeV Li* projec-
tiles at the scattering angle of 120° .

Figure 2 shows RBS-channeling spectra for pre-
pared as-amorphized specimens by self-bombard-
ment with 2% 10" and 5% 10" cm™ fluences. It is
clearly found in RBS spectrum for the as-amor-
phized sample with 2.0 X 10" cm™ fluence that an
embedded amorphous Si layer with ~100 nm (Fig.
2A) width was sandwiched with damaged Si layers.
After the Si* irradiation of 5.0 10" cm™ fluence, the
embedded amorphous region grew significantly to-
ward the surface and deeper substrate, though very
thin surface and interface regions were not com-
pletely amorphized and remained as damaged lay-
ers, probably consisting of amorphous-like structure
incorporating small crystalline Si grains.

Results

Figure 3 shows RBS-channeling spectra for the
samples of as-amorphized (red), EBIEC (green), and
furnace-annealed (blue) for different self-bombarded
samples with Si fluences of (A) 2.0 x 10" and (B) 5.0
%x10" cm™. As clearly seen in the spectra with green

2007+
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Fig. 3. RBS-channeling spectra for the samples of as-
amorphized (red), EBIEC (green), and furnace-annealed
(blue) at 400°C for different self-bombarded samples with
Si fluences of (A) 2.0 x 10" and (B) 5.0 x 10" cm™.

and blue colors depicted in Fig. 3A, the recrystal-
lization took place from both sides of the upper and
deeper interfaces by EBIEC as well as by FA treat-
ment. The recrystallization rate was however sig-
nificantly slow down near the embedded complete
amorphous layer. The remarkable difference in the
crystallization between EBIEC and FA treatments
was not confirmed. The observed recrystallization
was therefore attributed to only the thermal effect
at 400°C temperature. In Fig. 3B, the crystallization
in thin damaged layer existing very near the sur-
face and the deeper interface was observed by both
EBIEC and FA treatments, but the crystallization
almost stopped in front of the complete amorphous
region. The a/c interfaces did not move even though
the fluence further increased. Small crystalline
grains remaining in the heavily damaged regions
are presumably involved in the recrystallization.
Consequently, the significant enhancement of the
crystallization of amorphized Si layer by EBIEC
treatment was not clearly confirmed in the anneal-
ing treatments at 400°C .

We next show the effect of IBIEC treatment by 150
keV proton irradiation on the recrystallization of
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Fig. 4. RBS-channeling spectra for the samples of as-amor-

phized (red), proton-IBIEC (green), and furnace-annealed

(blue) at 400°C for different self-bombarded samples with

Si fluences of (A) 2.0 x 10% and (B) 5.0 % 10" cm™.
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amorphous Si layer embedded in Si(100) substrates
synthesized by self-bombardment. Figure 4 shows
RBS-channeling spectra for the samples of as-amor-
phized (red), proton-IBIEC (green), and furnace-
annealed (blue) for different self-bombarded samples
with Si fluences of (A) 2.0 x 10* and (B) 5.0 x 10%
cm? The crystallization by non-IBEIC annealing
was almost stopped in front of the embedded amor-
phous region (see blue curve), as already observed
in the EBIEC samples shown in Fig. 3. It is found
on the other hand that the recrystallization by pro-
ton IBIEC treatment progressed from the upper c/a
interface overcoming the depth near which the crys-
tallization stopped for the non-IBIEC sample (com-
pare green curve to blue one). The front c/a interface
moved toward deeper direction as further increasing
IBEIC fluence by proton, which was not observed in
the EBIEC treatments. After Si* irradiation of 5.0
% 10" cm™ fluence, the recrystallization took place
from the damaged region located near both deeper
and shallower a/c interfaces, as already mentioned
in EBIEC and FA samples (Fig. 3). In the deeper
damaged layer, recrystallization proceeded up to the
amorphous region, but completely stopped in front
of the complete amorphous region (~350 nm depth).
In the shallower damaged layer (<40 nm depth), the
recrystallization was initially developed laterally
and then vertically proceeded. It is consequently
suggested that ion beam irradiation significantly as-
sists the epitaxial recrystallization.

Discussion

As described above, electron beam irradiation did
not show annealing effect of amorphous Si. Howev-
er, proton beam annealing effectively enhanced the
epitaxial recrystallization. As already mentioned in
Fig. 1, the atomic displacement density around the
focused depth region generated by H-irradiation of
1.0 X 10" cm™ fluence was estimated to be 4.5 X 10%
cm®, which is comparable to that by EBIEC treat-
ment of 4.2 X 10" cm™ fluence.

The electronically deposited energy (A) and the to-
tal number of created electron-hole pairs (B) by 150-
keV proton (1% 10 cm™® and 8-MeV electron (4.2
% 10" ¢cm™?) in Si are shown in Fig. 5. The data for

29 and those

proton was referred from SRIM table
for electron was from a data table edited by Berger

and Seltzer 2. Here, the two contributions of energy

transfer from high-energy electron beam: direct col-
lision and Bremsstrahlung were considered, though
8-MeV electrons employed in this study predomi-
nantly lose the kinetic energy via the direct colli-
sion processes of electron excitation and ionization.
The inelastic energy loss of 150-keV proton and
8-MeV electron in Si material is thus estimated to
be about 100 eV/nm and 0.4 eV/nm, respectively. It
is clearly found that total electron-hole pairs by the
electron beam irradiation is about one order higher
than those by proton beam irradiation, indicating
that large energy deposition by inelastic effect from
8-MeV electron is more expected. As shown in Figs.
4 and 5, however, the enhancement of recrystal-
lization was not observed for the EBIEC process,
suggesting that the recrystallization occurred in
the IBIEC process cannot be demonstrated by only
inelastic energy effect. We thus consider possible
three factors for accounting for observed results. It
is firstly known that electron beam irradiation to
Si did not form collision cascade, resulting in differ-
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ent defect profiles in solid materials. Secondly, the
actual dpa rate was significantly different between
them. Thirdly, we may be consider the H incorpo-
ration near a/c interface during H-IBIEC process,
which probably affect the crystallization behavior.
According to the previously proposed IBIEC mecha-
nism, the crystallization rate is only dominated by
the number of atomic displacements near the a/c
interface, indicating that the rate can be scaled by
nuclear stopping power” ?* ?¥. However, the present
results clearly suggest that another factor should be
considered to demonstrate the beam-induced recrys-
tallization processes.
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Abstract: Analysis of the species composition of phytoplankton communities (analy-

sis of community structure), which is indispensable for analysis of photosynthesis and

CO: absorption, requires long-term image authentication work by skilled research-

ers. If this work becomes possible through image processing with high accuracy and

in large quantities, research on photosynthesis and CO: absorption in aquatic ecosys-

tems will markedly advance. In this study, high-quality teacher data are created us-

ing isolated cultured cells by biological methods. Using these data, we developed an au-

tomatic system to analyze the phytoplankton community structure by deep learning.

Keywords: phytoplankton cells, segmentation, classification, mathematical morphology, convo-

lutional neural networks, deep learning

Introduction

In considering the ecosystem of the Sagami River
estuary, it is important to clarify the trends of phy-
toplankton, which is responsible for primary pro-
duction”. Determining the species composition of
phytoplankton communities and the accurate count
of phytoplankton cells in a unit amount of water
in different site is critical in evaluating the ecosys-
tem of the Sagami River. This task is usually done
manually with time-consuming and labor-intensive
efforts of skilled person. This may lead to eye fa-
tigue easily through continuous distinguishing and
counting of the cells in microscopic image. With the
development of computer vision technology, using
automatic counting instead of manual counting be-
comes urgent. Lots of researchers are resorting on the
capabilities of image processing to provide automatic
leukocyte segmentation and counting methods based
on microscopic blood images*®. Traditional methods
such as thresholding, FCM (Fuzzy C Means), snake
and active contour, watershed methods, support vec-
tor machine, mathematical morphology and region
growing are proposed to improve the identification

and counting of cells in the microscope images®".

But, most of the existing automatic cell counting
methods can get the number of cells roughly and
usually they are used for calculating the number of
certain cell and are difficult to be widely applicable
for varied cell image. There is no method for differ-
ent shapes, size and morphology, and when many
different types of cells are mixed in the same image,
it is difficult to perform automatic counting of these
cells. Nowadays, Machine learning techniques are
developed to autonomously learn from mass data
and then to identify particular patterns from image
with high precision. It is widely used in computer
vision tasks such as face detection, face recognition,
person tracking, etc. The performance of machine
learning heavily rely on annotations of a big set of
prepared training data, which is labor-intensive. In
this study, we use isolated cultured cell images as
teaching data to simplify the annotation process.
Then we use one of the “state of the arts” deep
learning scheme YOLO (you only look once) to train
and classify the phytoplankton cells'>'®. Though

©Research Institute for Integrated Science, Kanagawa University
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Fig. 1. Samples of homogeneous cells.

the final object is to classify multiple cells from one
microscopic image, in the training stage, we can en-
sure the cells in the image belong to a typical same
species by using biological methods. Then we can
segment and mark the special cells in the training
image through automatic image processing meth-
ods. After that, we can train the YOLO network
separately for varies phytoplankton cells. Finally,
we can combine the pre-trained system into one.

Methods

Acquisition of sample data

There are about 20 dominant species of phytoplank-
ton cells in the Sagami River estuary, each of the
cells are with different structures and shapes. It is
very difficult to segment and identify the cells when
they are mixed together. The collected phytoplank-
ton cells are isolated and cultured for each species
from the plankton community, and are incubated
for several months to grow one cell into thousands
of cells. Then the microscopic images of the homoge-
neous cells are taken from various angles with fluo-
rescence emitted by UV light, some of the images
are taken under natural light. Figure 1 shows a set
of samples of the images.

Pre-processing and segmentation

The original images are first divided from 5184 x
3456 into a set of 642 x 432 for the sake of reduction
of data size. Then the images are segmented after
contrast enhancement, thresholding, noise extrac-
tion, augmentation, and morphological modification.
The mask images are made for individual images.
With the use of these mask images, we can annotate
the particular cell images automatically to get the
labeled training sets. The steps of the preprocessing
are summarized as follows in Fig.2.

Original image

Flood fill

Image division

v

Erode to

separate cells

v

Contrast Finding center of
enhancement gravity of the blob
Thresholding Generating cell mask

for automatic

annotation

v

Fig. 2. Pre-processing steps for annotation.

Deep learning by SOLOv3.

Through pre-processing, we can get many cell can-
didates, but not all of the cells can be extracted from
the original image. We will use the parts of the an-
notated cells to train a network to extract the fea-
tures for cells of different species. VGGNet, ResNet,
U-net, Fast RCNN, Faster RCNN and YOLO are
well known deep learning architectures. We have
tried some of the above methods and find that YO-
LOv3 is suitable for our purpose.

YOLOv3 algorithm is an improving algorithm
which refers to the network structure of SSD and
ResNet, and designs the feature extraction network
Darknet-53 with 53 convolution layers as backbone.
Originally, the number and value of anchor priors
in YOLOv3 are clustered by VOC20 and COCO80
data sets. In this study, we modified the YOLO
structure by adaptively training tiny-darknet with
our own datasets. First, we train the network with a
datasets which contains only one type of cells. Then
we add another types of cells to adapt the system
which is focused on phytoplankton cells with various
shapes or cel under different growing stages. Fig. 3
shows the original network architecture'”. Then the
phytoplankton cells can be detected by the trained
YOLOv3 network. Because only one type of cells is
existed in the image, the detected cells can be used
as training data for further improvement of the YO-
LOv3 network. The network is then used for detec-

tion of unknown images. After detection, it is easy
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Fig. 3. YOLOv3 Network Architecture.

for us to count the number of the cells in any image
with the trained cells.

Results and Discussion

To assess the performance of the methodology, 64
1mages of the same type of cells are used as training
data. Fig. 4A shows an example of the cell image.
The image is first transformed into gray scale im-
age, and then it is converted into binary image by
Otsu method. The result is shown in Fig. 4B. To fill
in the holes in the binary image, we first extend the
side of image with dark value, and then perform a
flood fill process as shown in Fig. 4C and D. After
that, Mathematical morphology filter is applied to
erode the cells in the image. As shown in Fig. 4E, the
connected cells are separated. The connected white
pixels can be viewed as the core of the cell. By com-
puting the moments of each of the connected parts
of the image, we can get the gravity center of the
candidate cells. Then, we can generate the bounding
box of the cells automatically.

Finally, the original image data and the annotation
information are used to train the YOLO network.
Fig.5 shows some recognition results by the trained
YOLOvV3 network. We can see that the features of
the cell was well caught by the network system. And
the YOLO system can be improved by adding the
identified cells into the training samples. As for dif-
ferent type of cells, we can also use the same scheme
to train the single isolated types of the cells without
manual work. In this way, we can collect large num-
ber of accurate training data for various types of
cells with low labor work.

Y. Yu et al. © Examination of phytoplankton Cells 19

Fig. 5. Cell recognition and counting.

Conclusion remarks

In this paper, we proposed a hybrid methods, which
use the biological method and computer vision tech-
niques, to explore the phytoplankton cells in Sagami
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River estuary. We take the advance of techniques
of the both fields to try to alleviate the burdens of
the process. When many different types of cells are
mixed together, it is difficult to annotate them au-
tomatically. Segmentations of the cells with differ-
ent textures and shapes may vary for different cell
types. Still, the experimental results show the effi-
ciency of the proposed method. In the future, we will
complement more segmentation method to automat-
ically generate the bounding box for particular types
of cells. Our proposed scheme has a good property
for evaluation. When more and more cells are used
in the system, the precision of the identification abil-
ity will get higher.
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Abstract: Cuscuta is one of the most widespread genera of parasitic plants that subsist

on various types of herbaceous angiosperms. Since their hosts include economically im-

portant crops, understanding the molecular basis of parasitism in Cuscuta species is criti-

cal for crop production. Despite the advances in biology and agriculture, the mechanisms

of host plant infection by parasitic plants remain largely unknown. To gain insight into the

mechanism of parasitism, we focused on Cuscuta campestris genes encoding enzymes in-

volved in the degradation and modification of host cell walls. Analysis of previously pub-

lished RNA-seq data showed that certain genes encoding pectin methylesterases, poly-

galacturonases, and cellulase-like enzymes, which can potentially enzymatically weaken

cell-to-cell adhesion, were correlated with the haustorial invasion of host tissues. These

data confirm that haustorial invasion by Cuscuta species is facilitated not only by mechani-

cal action but also by specific biochemical degradation and modification of host cell walls.

Keywords: parasitic plant, haustorium, cell wall, gene family, CAZyme

Introduction
Cuscuta species represent obligate plant stem para-
sites, characterized by thin stems, almost no roots
and leaves, and little or no photosynthetic activity®.
The stems of Cuscuta plants coil around those of
host plants and penetrate into the host tissue using
an invasive organ, called a haustorium. The haus-
torium contains vascular tissue, which connects
with the host vascular bundles and draws most of
the nutrients from the host plant. Thus, Cuscuta
species are heterotrophic and potentially harm-
ful to host plants, which encompass a wide range
of angiosperms, including economically important
crop plants. Therefore, understanding the molecular
basis of parasitism by Cuscuta species is not only of
interest from the biological perspective but also of
critical importance from the crop production view-
point.

A recent significant breakthrough in molecular ge-

netics of Cuscuta species has come from the whole-
genome sequencing of Cuscuta australis and Cus-
cuta campestris, which are phylogenetically closely
related to each other. C. australis has a relatively
smaller genome (272 Mb) and harbors fewer protein-
coding genes (19,671)? than C. campestris (581-Mb
genome, 44,303 protein-coding genes)?. C. camp-
estris genome contains a high proportion of gene
duplicates and recently proliferated long terminal
repeat (LTR) retrotransposons, suggesting a recent
genome duplication event in the C. campestris lin-
eage”. Notably, C. campestris is broadly sympatric
in the world and therefore has been studied more
intensively than other Cuscuta species’. Therefore,
considering C. campestris as a representative spe-
cies for the genus Cuscuta, we generated genetically
identical homozygous lines of C. campestris by re-
peated self-pollination, and sequenced its genome to

©Research Institute for Integrated Science, Kanagawa University
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establish our own C. campestris genome database
(unpublished).

To facilitate the investigation of the molecular ba-
sis of parasitism and haustorium development in C.
campestris, we previously developed two experimen-
tal procedures. The first procedure entails the micro-
scopic evaluation of live haustorial tissue sectioned
vertically relative to the host stem, thus preserving
the host—parasite interface. Using this experimental
procedure, we demonstrated that C. campestris uti-
lizes host-produced ethylene for the proper growth
of search hyphae, which finally differentiate into
xylem to connect with the host vasculature dur-
ing haustorium development”. The second experi-
mental procedure utilizes rosette leaves detached
from Arabidopsis thaliana as the host tissue for the
analysis of haustorium development in vitro. Using
this 7n vitro system, we showed that direct contact
of the parasitic hyphal cells with the host xylem is
required for their differentiation into xylem vessel
cells during haustorium development?.

Within the developing C. campestris haustorium,
search hyphae elongate to invade the host plant,
thus reaching the host vascular bundles. It has been
proposed that these invasion processes are facili-
tated not only by a simple mechanical stimulus but
also by the degradation and/or modification of host
cell walls®”. It has been shown that the cell wall of
the host cell directly in front of the growing tip of
search hypha undergoes stretching and thinning to
facilitate the entry of the hypha®. However, little is
known about the mechanisms underlying the biolog-
ical degradation and modification of host cell walls.

To gain insight into the cell wall changes involved
in the regulation of hyphae elongation, we charac-
terized the expression patterns of C. campestris cell
wall genes during haustorial invasion of the host tis-
sue. The results showed that the expression of genes
encoding pectin metabolic enzymes and glucanases
were closely correlated to the haustorial invasion
event.

Materials and Methods

Data availability

All protein sequence datasets of Cuscuta campestris
and morning glory (Jpomoea nil), a close relative of
C. campestris, were obtained from the plaBi data-
base (http://plabipd.de/portal/cuscuta-campestris)

and /pomoea nil Genome Project database (http:/
viewer.shigen.info/asagao/index.php), respectively.
Additional protein sequence data for the GH9 fam-
ily of Arabidopsis thaliana, tomato (Solanum Iyco-
persicum), and Chlamydomonas reinhardtii were
retrieved from Phytozome v13.0 (https:/phytozome-
next.jgi.doe.gov). The C. campestris RNA-seq data,
generated previously by our group”, are available
from the DNA Data Bank of Japan Sequenced
Read Archive database (https:/trace.ddbj.nig.ac.jp/
dra/index_e.html/) under the accession number
DRA009453.

Bioinformatic analysis

Genes encoding Carbohydrate-Active enZymes (CA-
Zymes) were identified by running HMMERS scans
using the hidden Markov model (HMM) profile
downloaded from the dbCAN2 HMMdb (http://beb.
unl.edu/dbCAN2/index.php)?. The e-value and cov-
erage cutoffs were 1le-15 and > 0.35, respectively.

Differentially expressed genes (DEGs) were identi-
fied using TCC'” packages in R. Transcript expres-
sion levels were expressed as transcripts per million
(TPM), and genes with q-value < 0.05 were desig-
nated as DEGs. Clustering analysis of DEGs was
performed using the MBCluster package in R. Venn
diagrams were constructed using the VennDiagram
package in R.

To conduct phylogenetic analysis, amino acid se-
quences of CAZymes were aligned using the DDBdJ
ClustalW 2.1 online freeware (http:/clustalw.ddbj.
nig.ac.jp/), and phylogenetic trees were constructed
using the neighbor-joining method in MEGAX'™.

Results

Identification and classification of CAZyme-
encoding genes in C. campestris

Most of the cell wall-related enzymes in plants are
commonly designated as CAZymes, which are cat-
egorized and listed in the CAZy database (http:/
www.cazy.org)'?. Using a protocol of dbCAN?, we
identified all CAZyme-encoding genes in C. camp-
estris, including 479 glycoside hydrolases (GHs),
613 glycosyl transterases (GT%), 133 carbohydrate
esterases (CEs), and 49 polysaccharide Iyases (PLs).
The CAZyme-encoding gene composition of C. camp-
estris was highly similar to that of I. ni/ (Fig. 1). The
results suggest that the genomes of Cuscuta species
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Fig. 1. Numbers of genes in each cell wall-related CAZyme family in Cuscuta campestris and Ipomoea nil. The cell wall-

related families™

have not undergone reconstruction of the CAZyme-
encoding gene sets, despite the massive changes in
its body plan, including haustorium formation.

Expression profiles of CAZyme-encoding
genes during haustorial invasion of the host
Next, we focused on CAZyme-encoding genes whose
expression profiles were temporarily correlated with
the specific stages of haustorial development or host
invasion. We previously performed a comprehen-
sive RNA-seq analysis of gene expression patterns
in C. campestris haustoria at 0, 12, 42, and 54 h
after coiling (hac) on an intact Arabidopsis stem?.
The haustorium invaded the host tissue at 12 hac,
and vascular differentiation (involved in secondary
cell wall assembly) occurred from 42 to 54 hac. We
focused on CAZyme-encoding genes predominantly
expressed at 12 hac because the degradation and
modification of host cell walls mainly occur during
this phase. A heatmap of CAZyme-encoding genes
extracted from the previously published RNA-seq
data showed differences in the expression patterns
of CAZyme-encoding genes among the different de-
velopmental stages, generating three clusters (clus-
ters 1, 2, and 3), each containing CAZyme-encoding
genes predominantly expressed at 12 hac (Fig. 2).
Clusters 1 and 2 included CAZyme-encoding genes
(17 GHs, two G175, six CEs, and two PLs) principally
expressed at 12 hac, but the expression of these
genes was almost undetectable in the epidermal and
cortical cells of uninfected (control) C. campestris
stems (Table 1). Ten of the 17 GHs belonged to the
GHZ28 gene family, which are involved in the degra-
dation of homogalacturonans (HGs). Five of the six

were selected among the CAZyme-encoding gene families classified using dbCAN2.

Cluster3 :
Cluster4

Cluster5

Cluster6

Cluster7

Cluster8

Cluster9

Cluster 10

Fig. 2. Hierarchical clustering analysis of CAZyme-en-
coding genes. The heat map shows the relative expression
levels of genes in five samples (haustoria at 0, 12, 42 and
54 hac, and the epidermal and cortical cells of uninfected
stems). The color scale is shown on the left. hac, hours af-
ter coiling around the host stem.
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CFEs belonged to the CES gene family, which encode
pectin methylesterases (PMEs) that mediate the de-
esterification of methyl-esterified HGs, thus leading
to HG degradation. Additionally, it is notable that
clusters 1 and 2 also included GH9 family genes,
which encode putative glucanases.

Comparison of CAZyme-encoding genes
between in vivo and in vitro experimental
systems

We also performed transcriptome analysis of C.
campestris stems using the 7n vitro haustorium
induction system developed previously” to identify
CAZyme-encoding genes preferentially expressed
during haustorium development. In this experi-
ment, 3 cm-long sections of C. campestris lateral
shoots were prepared, overlaid with a rosette leaf of
Arabidopsis, and then weighted with a stack of glass
slides for 57 or 87 h; the same set up minus the ro-
sette leaf was used as a control. The pressed lateral
shoot samples in contact with the host leaf for 57
and 87 h after infection (hai) were designated as 57
hai (+/+) and 87 hai (+/+), while pressed samples
without contact with the host leaf were designated
as 57 hai (+/-) and 87 hai (+/-), respectively. Haus-
toria were induced in all the four pressed samples,

Table 1. CAZyme genes in cluster 1 and 2

Gene ID Cazy family name  Description
cluster 1

Cc001522 GH9 endo-B-1,4-glucanase
Cc044982 GH9 endo-B-1,4-glucanase
Cc003113 GH28 polygalacturonase
Cc027140 GH28 polygalacturonase
Cc015548 PL1 pectin Lyase
Cc021766 PL1 pectin Lyase
Cc018047 CE8 pectin methylesterase
Cc022203 CES8 pectin methylesterase
Cc030736 CE8 pectin methylesterase
cluster 2

Cc003068 GT47 B-1,4-glucuronyltransferase
Cc027096 GT47 B-1,4-glucuronyltransferase
Cc007143 GH1 ex0-B-1,4-mannosidase
Cc014521 GH9 endo-B-1,4-glucanase
Cc002566 GH9 endo-B-1,4-glucanase
Cc005807 GH9 endo-B-1,4-glucanase
Cc035665 GH9 endo-B-1,4-glucanase
Cc024138 GH28 polygalacturonase
Cc047633 GH28 polygalacturonase
Cc030703 GH28 polygalacturonase
Cc036187 GH28 polygalacturonase
Cc036210 GH28 polygalacturonase
Cc003083 GH28 polygalacturonase
Cc027112 GH28 polygalacturonase
Cc024920 GH28 polygalacturonase
Cc008607 CES8 pectin methylesterase
Cc002565 CE8 pectin methylesterase
Cc022249 CE13 pectin acetylesterase

57hai(+/+)

Fig. 3. Venn diagrams of CAZyme-encoding genes identi-
fied on the basis of their expresstion patterns. The CA-
Zyme-encoding genes predominantly expressed on an in-
tact Arabidopsis stem at 12 hac, which were classified into
clusters 1 and 2, were compared with those upregulated
under the four in vitro haustorium induction conditions:
57 hai (+/4) and 87 hai (+/4), genes principally expressed
in pressed samples directly in contact with the host leaf
for 57 and 87 hai, respectivele; 57 hai (+/-) and 87 hai
(+/-), genes principally expressed in pressed samples not in
contact with the host leaf for 57 and 87 hai, respectively.

i.e. 57 hai (+/-), 57 hai (+/+), 87 hai (+/-), and 87 hai
(+/4). Interestingly, DEGs upregulated in the haus-
toria of these pressed samples included most of the
CAZyme-encoding genes that were predominantly
expressed at 12 hac. In particular, expression of all
CAZyme-encoding genes in clusters 1 and 2 was
upregulated in the haustoria that had been induced
in vitro by pressing the lateral shoot samples in con-
tact with the host leaf, i.e. in the pressed samples 57
hai (+/+) and 87 hai (+/+) (Fig. 3).

Discussion

In this study, we identified putative CAZyme-encod-
ing genes involved in haustorial invasion, based on
gene expression patterns. Many of these genes were
classified into the GH28 and CES families, which
are involved in the degradation and modification of
HG, a major pectin found in plant cell walls'’. HG is
localized in the middle lamella of the cell wall, par-
ticularly in the corners of cell-to-cell junctions, and
therefore is thought to play a key role in maintain-
ing cell adhesion within a multicellular structure'.
The results of this study suggest that degradation
and modification of HGs by GH28s and CES8s weak-
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ens cell-to-cell connections, which leads to cell sepa-
ration, thus facilitating haustorial invasion of the
host tissue.

The GH9 family is also identified as one of the major
CAZyme families involved in haustorial invasion. GH9
genes are thought to encode endo - 1,4 - 8 - glucanases
that hydrolyze 1,4 - 8 - glucosidic linkages in glucans.
Although their enzymatic function remains unclear,
GH9 proteins perform important structural roles
in cell adhesion and have been linked to processes
such as organ abscission and fruit ripening'®'”. In
tomato, two GH9s, Cell and Cel2, have been impli-
cated in tissue abscission and fruit ripening'®. In
this study, we found that the C. campestris orthologs
of tomato Cell and Cel2 were principally expressed
during haustorial invasion (Fig. 4). In addition to
GH9s, CE8s and GH28s are also involved in tis-

19 Taken together,

sue abscission and fruit ripening
these data suggest that the evolutionary acquisition
of the degradation and modification process of host
cell walls for haustorial invasion may be related to
changes in the expression of genes involved in tissue
abscission and fruit ripening.

Recently, Kurotani et al.?” reported that in
Phtheirospermum japonicum (Orobanchaceae),
which 1s a root parasitic plant, a gene encoding a

secreted type of f-1,4-glucanase, classified in the
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Fig. 4. Phylogenetic analysis of GH9s. The CAZyme-
encoding genes predominantly expressed at 12 hac are
shown in red. Cell (Solyc08g081620.3.1) and Cel2 (Soly-
c09g010210.3.1) are highlighted in blue. Ce, C. campestris;
INIL, Z nil; Solyc, S. Iycopersicum; At, A. thaliana, Cre, C.
reinhardtiil.

GHY family, plays an important role in plant para-
sitism. Furthermore, a member of the GH9 family is
required for cell-to-cell adhesion in Nicotiana inter-
family grafting 2.

The results of this study could be interpreted in
several different ways. For example, it is possible
that CE8s, GH28s, and GH9s are not involved in
the degradation and modification of host cell walls
but instead contribute to the elongation of search
hyphae during haustorium development. Until now,
it has been difficult to assign a precise role to each
CAZyme-encoding gene during haustorial invasion,
mainly because there has been a lack of practical
transformation techniques for Cuscuta species. One
way to overcome this difficulty might be to geneti-
cally screen mutants defective in haustorial devel-
opment and parasitizing capability. Accordingly, we
have now begun to mutate a large population of C.
campestris seeds by ion-beam irradiation, and have
obtained mutagenized seeds suitable for the screen-
ing of phenotypes defective in various steps of haus-
torium development. Identification of mutations
associated with particular defects in haustorium
development in the mutant plants, together with
the characterization of haustorial function using the
in vitro parasitizing system, will help elucidate the
function of CAZymes during haustorial development
and invasion into host plants.
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Abstract: We improved “Denki-Pan” (bread baked using electrode bread machine) as “Denki-
Cake” baked by dough whipped with whole eggs. We compared Denki-Cake and Denki-Pan.

Then, we summarized the cooking on electrode plates.
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Abstract: Radical reactions with maleic anhydride and methylhexahydrophthalic acid were
investigated by observing short-lifetime reaction intermediate radicals to learn the graft po-
lymerization process. Time-resolved (TR-) ESR spectroscopy was utilized to obtain hyperfine
coupling constants (hfcc's) of the intermediate radicals. From analysis of the hfcc's with the
aid of quantum chemical calculations, the structure of these intermediate radicals was deter-
mined. As for maleic anhydride, the reaction with the hydroxycyclohexyl radical was exam-
ined. The TR-ESR spectrum shows dual peaks, which were attributed to the isomers with dif-
ferent configurations probably at the moiety of the cyclohexane ring. Methylhexahydrophthalic
acid was studied as a model compound for one of the important non-radical intermediates in
the graft polymerization starting with maleic anhydride. Hydrogen abstraction by phenyl radi-
cals was used to measure radical reaction products of methylhexahydrophthalic acid. Although
the hyperfine lines of this intermediate radical were broad, the splitting of 33 G derived by two
hydrogen atoms with a nearly equivalent hfcc was recognized, which enables us to determine
the structure. From this information about intermediate radicals, we propose the initial pro-
cess of graft polymerization of polypropylene with maleic anhydride.

Keywords: time-resolved ESR, maleic anhydride, methylhexahydrophthalic acid, radical
addition reaction, graft polymerization
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1T L7,

K612, A7 M AEFBTELT VHNLVORKA
TMEROREEZ R LTZe DT ML, AF L~
X RaMK7 ZABED 5 FRFNHKER T 1
OMBlE NI MEEE O, 5l E D ATREME
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T EE
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KRFE T »
(6 1) HEE JEIfiE
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22 0.034
23 -0.021
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2T AP U TER LIZZ Y av, PP B3R
LTHERT DD TFED/NSWT IV RDT VTN

IZDWTK 7T O 72 A

REMWEZLND,
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Abstract: A hormone oxytocin (OXT) is known to regulate female reproductive functions,
such as milk ejection and parturition, thereby it is generally termed the 'female hormone'. Re-
cently, it was reported that Ox¢ and OX7 receptor (Oxtr) mRNA are expressed in the rat testis,
and OXT promotes sperm transport and androgen synthesis. It has been suggested that OXT,
which is locally synthesized in the testis, is involved in the male reproductive function. How-
ever, the localization of OXT or OXTR-expressing cells in the testis is unknown. The purpose of
this study was to clarify the localization of OXT- and OXT receptor-expressing cells in the rat
testis using OXTR-related mutant rats. First, using RT-PCR, it was confirmed that both Ox¢
and Oxtr mRNA were expressed in the wild-type rat testis, although the expression level of
OXT mRNA was very low. In addition, OXT immunostaining in the wild-type rat testis showed
that OXT-immunoreactivity was found in sertoli cells of some seminiferous tubules. Further-
more, OXT immunostaining with the Oxzr-td Tomato rat testis showed that OXT-immunore-
activity and tdTomato signals were found in different Sertoli cells of the same seminiferous
tubules. These results suggest that OXT and OXTR are simultaneously, but heterotropically,
expressed in rat testis Sertoli cells. Sertoli cell OXT may act in a paracrine manner via OXTR
expressed in nearby Sertoli cells.

Keywords: oxytocin, oxytocin receptor, testis, rat, paracrine

V¥ i
RN T F RBRALELD—DTHDEFFY hiv
(OXT) 1%, FUR FEICAFAET DR bAZ & =D
MRy W= 2 —a TR E N, FEAZIEO#HR
K E CTHIEINZOL, MH~EHEHsD, T
E{M&ﬁz‘» 5 S 707 OXT 1L D 54 3L 045 Wiy
TEHNAEICED 280, MorLrE L LT
‘ﬂl HILTWD, —HTLA, OXT AHEDMERERE DR
_F’aeEszZufoc& OXT OIETOMEED A H STV

}:) 2-5)O
FATFZEICIB W T, v 7 ADRE T~ OXT RN
L&, ETOEBERFEEINS Z LN, OXT 2

TREICEERMEAEZ LFTEEZLN TS, Ty
NERNIZ OXT 28579 2% & KB L OREHE LR
DOEENPEIM L., YRRERHITHE 72 O BBk 2 5% 5/
EOBBEENT 5P, £, T v PRV XOREEM
WA OXT RN+ 5 &, HEEREFHFOT A NAT
OUBENES L, TA AT OREMTHY .
FERNOT v Ka 7 o IR a0 U OE IR
45 5¢-YE Fasr 2 hx7ay (DHT) JEEN
BIN4 2519, X512, 7 v Fet O ER EIR,
AZIRIZIBWN T, OXT 285 A h A5 1 v % DHT ~
LRSI ED O THDH50- VF I Z—F
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DFBCTEMEZEET 5 5112, ZNHDZ EMD,
OXT MR 5a- U K7 &2 —EORBLONEM 2N S
% Z & TRFIERUC L7 DHT O R 2 i S
BT HERICEG T EE2 LN TNE B Fi
Z v MERIZEBWT Oxt B L O OXT 2 &E (Oxtr)
mRNA A BT 2 P Z e, BRTAEKRESND
OXT N5 « - UX 7 Z—PIHEMEICER L. BB
WD Z ERRBEEND OO0, OXT B
VYERERAL Td % OXTR FEBLHIIL D RTEIX W F 724
Tho,

* ZCARHIE T, Oxtr BloF5%ZE T v F &AW
T, FRIZE T 5 OXT #BIHIaF L OV OXTR % Bl
AR D JTE % o RBRRA L ST L, R
5 O0XT DIVEH A=A L= ENITHI % H
mE Lz,

PR L T5 1k

TR

RRAHET » b (Wistar #if¢ 5 7 — 11 ) & Oxtr-
Cre / v 7 4> 7 v & ROSA26 Bacterial artificial
chromosome (BAC) N (2 CAG-loxP-flanked Neo/
STOP cassette- #R{# N5 > /37 E (tdTomato) %
ALV AR—2 =Ty bzl &8, OXTR %
BUHERR AN IR e s 77 )V CRE Gk S D B s 1ol Ze
7 v b [Oxtr-tdTomato 7 »» ~ (Long-Evans 3t ;
8 — 10 fn) (ML RFLVHE)] Z2H\Wi, B
12 W] / WS 12 RERRI O BRBE T, & KIZE M
BHCE 2 RETEHE Lz, BWIERIT. SCGiR+
B THIFERERIIC I 1T DB EBRIZ BT 5 AR FRE]
IZEEDWT T, LR B EZRZE B2, &)
REFER BN FE B2 B A1 R B )
WMFEBRT B X OARAE = TEM L=,

Oxt, Oxtr, Gapdh =% % Reverse Transcriptional-
Polymerase Chain Reaction (RT-PCR)

Ty NaeA Y TNT CREREE N TRMESE, KE
AR L, WX RT A7 A4 A THEIE-0
H.8OCHT 4 —7 7 V=P —THRE LTz, TDH%,
18 G #f (Terumo, NN-1838S) % T, =EfHE%
EECERE T T Y N LT, — T RRITH

#1. 7914 ~—& PCR&ft

B A B BRE, K ETHREY=F 4 XL, RNA
fh 4 & 47 - 7=, RNA fili i % NucleoSpin RNA Kit
(Takara bio, Tokyo, Japan) % H\, 7'm k=21
\ZfE> TITo 72, Total RNA OIEEIXT / Fu v~
(Thermo Fisher Scientific) #MAWTHE L=, ZD
Total RNA 7> & Omniscript Reverse Transcreptase
(Qiagen, Strassel, 40724 Hilden, Germany) % f \»
T, K 10 ng/uL (272 5 X 9 12— AR 8{ cDNA
Z A% L2, Premix Taq™ (Ex Taq ™ Version 2.0)
(Takara bio) & Oxt (PCR E#DHA X : 378 bp).
Oxtr (PCR PEMDY A X : 559 bp) FrBAIZT VA
LT TIA =2 HNTEDO L IIZPCR #1To 7
(F1), NEEREL LTV EBAT AT E K-8V v
Fe ik ElEE OEfs 1+ (Gapdh) (PCRFEW DY A
X497 bp) M L7, PCR #4777 L%
2% 7 v — A7)V Tk L Ez-Capture I (ATTO,
Tokyo, Japan) % HW\THgi L 72, Second PCR IZ
First PCR FE# % 100 574 L, First PCR & [Fl 5%
ORISR, T Ha—2 5 L CESKEZ{T-> 77,

WERME I L ONT 7 4 VYR - BREY R
FREAE D » M AR GHRFE (N X b —/1 0.3 mg/ ke,
SHEYV T A40mgl ke, XMV T7 7 —)L50me/ ke)
ZREWENEEE U, VERRER T CALED b AR K
ZPEE LI U 7-%% . 4% paraformaldehyde (PFA)
in 0.1 M Phosphate-buffer (PB) (pH 7.4) &% % ¥
WL, BE L7z, FEAHRL L2, 4% PFAIn 0.1
M PB #H\T 4°C, —BE CHREEZITR o7, i
WO—E R) I T L, =& ) —ANHLEY —
JVNEERL, NT T 4 ~DOEME T, 21
F—=AT10 pm JEDORT 7 4 LI 2R L7z, /3
77 4 vREEIToTE, HESB L, A - i
DBEZIT Tz, Flo, —H#IX 26% A7 m— A in
Phosphate-buffered saline (PBS) (pH 7.4) &#RIZ
B L. 4°C 48 IEREILL BT Tl L s R 21T -
7o NUI T, IRBBAATREGHEL, 7 VA
AH > K (CM1850, Leica, Nussloch, Germany) %
FAWT, 30 pm EOWHFETI A Z/FR L7z, fFRLT-
GG I AT A R Z RTRD T L, s
7o, -20C CHRTE LT,

Target gene Forward primer Reverse primer PCR condition (cycle)

Oxt CTTGGCCTACTGGCTCTGAC GCGCCCTAAAGGTATCATCA (94°C 30sec, 60°C 30sec, 72°C 30sec)x40
Oxtr TGCTCTTTGAGAAGCTAACAAGATT AGGTTGGAAAGTAGGAAGAGACATT (94°C 30sec, 55°C 30sec, 72°C 30sec)x38
Gapdh GGTGAAGGTCGGTGTGAACG CAAAGTTGTCATGGATGACC (94°C 30sec, 55°C 30sec, 72°C 30sec)x30
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PCRRT kT [ AE27S
OXT %yEn
) i % 0.3% Triton X-100 in PBS (T-PBS pH 7.4)
T Lz, RWT, ARV A X —E &2k
HIEL72DIT, 1.0% it /KkE 1 60% A % ) —)v
FIRIC 20 sy R L. Z D% T-PBS Tl L7,
X512, 0.3% Triton X-100, 1% 1EH ¥ ¥ Mg, 1%
T UIMIET VT 2 v, 0.06% NaN3 Z2 AWV CT=RIE T
0B S, 7uvd 7 Lz, HlOXT =a—
o7 ¢y (NP) #if& (PS60 ; mouse monoclonal,
ATCC, RRID: CVCL_G254; 7 0 v TNy 77—
T 1:1,000 ICAR) & D W iEH OXT Hifs (Merck,
4G11, Sigma-Aldrich mouse monoclonal ; 1 : 10,000
FR) ZAWTERTIRMRESEZ0L, 4C
T 1M S 72, T-PBS THe# %, Biotinylated
goat anti-mouse IgG antibody (BA-9200, Vector
Laboratories, Burlingame, CA, USA) % H\T==il
T 1 W R SObs & H 72, Streptavidin (SAB) -HRP
(Nichirei, Tokyo, Japan) T2, 1 FEE S S,
TIERIEEDE 38 - VT ) XYY (DAB)
EHWTHRMEL LT, BRAKEMAEITToTDbL, <
7 k27 A w2 (Daido Sangyo CO., LTD. Japan)
THE A L7z, B ST (BX53; Olympus, Tokyo,
Japan) & HCHEj{g 2 s Uiz,

F o, WO Y EIE T, Bt OXT-NP #itfk
(1:1000 A fR) Z{EH L. Alexa Fluor 488-linked
anti-mouse IgG raised in goats (1:1,000 #v R ;
Molecular Probes, Eugene, OR, USA) % H \» T
FHIR T 1R RS S ¥ 72, T-PBS THEH L 72,
DAPI A Y Fluoromount G (SouthernBiotech,
Brimingham, AL, USA) #HWTE A L7z, Hufh
L7280 ids e a4 (BX53, Olympus) F 7214
R L ——BEMEE (FV1000, Olympus) % H

WTHEIZ L, migEIE LT,
DU DR R DT

OXT HUADFr Bt 2 it 25 7280 1L OXT fifk (1:
10,000 77F) & HUFATF KTl 5 OXT X7 F K (50

pg/ml; Anaspec Inc., Fremont, CA, USA) # =i T 1
H#Fﬁ}iméﬁt'ﬂﬂﬂ#ﬁi%ﬁﬁb\fﬁf th 2T o7z,
PURRTF FORD I FAEOAR- K ZINA TERE
T 1 RS S 7ok & s G 4 [RIREICA T
e ol SERISEDIL DAB TrRIPHE LT,

AR
RiIZ I % Oxt /Oxt 256 mRNA DB

BT N EEHERS K OERICE T D Oxt. Oxtr
mRNA OFH2ZFT7= (K1), fiEH. First PCR

BUFLAFY Ry XY N UUZRIRORE 43

second PCR
EEX i 1]

. L) -

1. =GR LUONERICE T % Oxt, Oxtr; Gapdh mRNA
DF B FEEIZEB W T Oxt, Oxtr mRNA A FEH L T
7=. Second PCR % First PCR pE#) % 100 {547 R L, First
PCR L [RIGMHCTRIG ST,

2T Oxt mRNA # RT3 RIZEBETOHRE
B I, Oxtr mRNA % /R § /3 RIXEHE L
R OW G CRlE I, NIEHETH 5 Gapdh
mRNA Z7R9 /30 B B LR OM G TBlE
Si7z, Second PCRIZ XV, Oxt mRNA %733
VR THBIZE S, Oxtr mRNA Z /R /30
K. Gapdh mRNA % x4 /30 R4 EG, BHE L
H1Z First PCR & v b Bl asniz, Zhoo
Eob, BART v MERICBWT, Oxt . Oxtr.,
Gapdh mRNA 788425 2 L 2 LN LT,

Rl HE %40

FEROREE 2 MR T 5 BT HE et 24772 (1Y
2), FEHEO HE a2 X0 KR OME T, Fi
JaD ks, FEME. BTromxticEbseL MY
AR OR% D3 bR O FEIRAN SR & 3 OFAE L
¥R D FLJEA 2> & F RN 2T Tlla s i & LT
W5, £7-. BHERLELTHDLT v Rasr vl
EHEATDHTAT 4 v e RSB ROBEHE R Lo
MpRICBIZR Sz,

RilCI 1 5 OXT JEBLRIR D lsE
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&
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3. OXT 29 2 Bt L Hilk OB ML /£ : OXT
GpEdeth, £ 0 OXT _7F F& AW A T ofE
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BEIToTm, TOME, OXT GBS (Bkdsdt) @
BRI NTRENE & OXTR O3B A2 R A
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LR D DRV N U MaIZV T OXT 2358 -
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Microscopic Observation of Pollen Mother Cell Chromosomes at Meiosis
of Flowering Cherry ‘Somei-yoshino’

Yoshitaka Azumi"** and Manabu Hayatsu *

Department of Biological Sciences, Faculty of Science, Kanagawa University, Hiratsuka City, Kanagawa
259-1293, Japan

Research Institute for Integral Science, Kanagawa University, Hiratsuka City, Kanagawa 259-1293,
Japan

Division of Microscopic Anatomy, Graduate School of Medical and Dental Sciences, Niigata University,
Niigata City, Niigata 951-8510, Japan

To whom correspondence should be addressed. E-mail: adumiy0l@kanagawa-u.ac.jp

3

4

Abstract: Flowering cherry ‘Somei-yoshino’ was obtained as a hybrid between ‘Edo-higan’
and ‘Ohshima-sakura’ about 150 years ago, and since then it has been a very popular plant in
Japan. In addition to cherry-blossom viewing, Somei-yoshino trees contribute foodstuffs, fuel,
smoking material, etc. Because of its popularity and resource value, a wide variety of biological
analyses of this tree have been conducted. Regarding its chromosome organization, the chro-
mosome number and genome DNA sequence have already been determined. However, meiotic
chromosome behavior in their meiocytes with two genomes of different species remains to be
revealed. In this research, we collected and enzymatically digested their buds, and spread
chromosomes on glass slides. The chromosomes were stained with 4',6-diamidino-2-phenylin-
dole and we observed them using a fluorescent microscope. As the results of observation of the
pollen mother cells at meiosis, we found totally paired chromosomes at pachytene and eight bi-
valents at metaphase I, suggesting that homeologous chromosomes paired normally in Somei-
yoshino meiocytes after about 5.5 million years of independent evolution.

Keywords: Somei-yoshino, meiosis, chromosome, 4',6-diamidino-2-phenylindole (DAPI)
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Quantitative Analysis of the Circumnutation of Cuscuta campestris
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Abstract: Autonomous helical movement of plant organs, originally termed circumnutation
by Charles Darwin in the 19th century, is ubiquitously observed in land plants. In Cuscuta
campestris, a stem parasitic plant whose stems coil around the host stem during parasitiza-
tion, this movement plays a critical role in searching for a host. Although patterns of circum-
nutation have been extensively investigated in several species under different environmental
conditions, such as variable light and temperature, and after chemical exposure, the mecha-
nisms underpining this movement remain largely unknown. This is partly due to the lack of
suitable methods for acquiring high-resolution spatio-temporal images of plant organs during
circumnutation. To address this issue, we designed a time-lapse image acquisition system with
two video cameras: one positioned to capture images from above and the other to capture im-
ages from the side of the plant. Using this camera system, images of circumnutating C. camp-
estris shoots were captured under different light conditions, and the effects of light quality on
the winding angle and rotation rate of circumnutation were quantified. The results indicate
the utility of this imaging system in evaluating the effects of light quality on circumnutation,
and highlight the need for improvements in data resolution for 3D image analysis.

Keywords: circumnutation, Cuscuta campestris, growth movement, time-lapse video, parasitic
plant
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Abstract: Vegetation damage caused by the rapid increase of Japanese sika deer (Cervus
nippon) has become a major problem in many areas of Japan. Deer have preferences for plant
species, which change according to the region, season, and surrounding vegetation. Therefore,
to clarify the impact of deer on local vegetation, it is important to understand the overall trend
in other areas and then further investigate the behavior and feeding habits of deer in those
areas. The Shonan Hiratsuka Campus of Kanagawa University is a place with a high plant
diversity where the pre-construction satoyama environment still remains. However, deer have
begun to invade this area. In this study, we used DNA metabarcoding technology on deer feces
to identify the foraging plants of deer in this area with two cpDNA regions (rbcL and trnL).
In total, OTUs identified as Fagaceae, Asteraceae, Poaceae, and Oxalidaceae were detected
with many sequence reads. These groups contain many species that are considered to be deer-
preferred plants, which is consistent with the results of this study. In addition, the species that
we could identify such as Impatiens textorii, Persicaria thunbergi, Pueraria lobata, and Carex
Japonica, were also known to be deer-preferred plants. While spring sample included a variety
of families such as Poaceae, Rosaceae, and Urticaceae, half of the reads from the early sum-
mer sample were identified as Asteraceae, and half of the reads from the autumn sample were
Fagaceae, showing seasonal differences. This result suggests that deer may use new buds and
new leaves in spring, flowers in early summer, and nuts and litter in autumn as a guide when
selecting plants to feed on.

Keywords: sika deer, DNA metabarcoding, foraging plants, rbcL, trnL
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Sample-0626 ® rep2 & rep3 (2O Tk, PCR Xi&E
3EIDH LD 1ETHART =2 BHELNRN ST
=z, 2RI DT — 2 DI TN 21T o T2, ks
BN IE 2 & T 21 o F BTV, 55
N7z OTU OH T, U — M4 21 o 7L O4EE
T30 iz b o, 17T LR S
WHDIZONWTIR, arZ Ix—Ta UROHEIET T —
DOFREVER RV E W L, D% ORI HERA L
7

B o7 OTU BBz DWW T, Claident (23205 =
T % Lowest common ancestor (LCA) algolothm
B2 EANTC, WA FE LZ, 2O, fmor
LYLTCRIETE 2o 72 OTU I2oW L, a4
IR—va OB T — O REMED O &I L
DB DI HERIN LTz, BREMINZ, rbel & traL

# 1. BEFFECTHWE rbel 3 X O trnL (UAA) intron FEIE O 15 #H

PRI 75 A = —EeH| & (bp) Original information
rbel Fw: 5-CGCTCTTCCGATCTCTG(N¥)TATCTTGGCAGCATTCCGAGTAACTCC-3' 063 rbel-F32

Rv: 5-TGCTCTTCCGATCTGACINY)GATTCGCAGATCCTCCAGACGTAGAGC-3' rbeL-R3™
trnT, (UAA) intron  Fw! 5-CGCTCTTCCGATCTCTGINY)GGGCAATCCTGAGCCAA-3' 10143 trnL-g*"

Rv: 5"TGCTCTTCCGATCTGAC(N*)CCATTGAGTCTCTGCACCTATC-3' trnLh2

DN, BIE L 7o Wi & 00 R A~ » TR B < Toidic, N2 O~3BAIN L. 55K 6 (N¥) & Co L, 2nd PCRURRICT ¥ 7 2 — %A S5

7z sh o JalEd .
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ZNENDOFERIZONT, - |- B LV THE
TX7-0TU % o7V — e & HIcEF LT,
Z DR, [F T DNA 22 BHRN7IZ 1st PCR 29T o7/
BIZOWTE, BoNRNIZER L CTho77
O, HEFIFIZEILOKIE (rep-1. rep-2. rep-3) D
L_LVETT—X&F iz, METCRETE S
A O3, Y-List (httpi//ylist.info) (2t~ 7=, F7z,
ENENOFEIRITHONT, OTU ZF L~ L TE &
TRt bIT o T,

i

rbcL fK 2 F O 7= 8RB O HEE /5

rbeL fEIk A DT g OFE S, A 161,007 U — R
DT —H |\ THSE, 2433 D OTU 2 &z
(#£2), &bV — FERE»ST=0F T TR EFAE
Ih7= OTU (29,773 V— K, 2&{KD 18.56%) T, &

WTH 7R OTU (27,684 YV — K, 17.2%). & U #
DA FTARY A/ OTU (18,651 U — R, 11.6.2%) .
2 TR DA A NJFOTU (17,156 U — K, 10.7%) .
4 3B OTU (12,756 V — R, 7.9%)., A 7 7 ¥ F
(11,912 UV — R, 7.4%)., 7% N8 (10,229 U —
K. 6.4%) X T FA XX TJED Y VN Persicaria
thunbergii (Siebold et Zucc.) H.Gross (9,438 U — K,
5.9%) DIETEZ o7, ETCRIETEZDIEIY
IR, VORI O Y ED I U Y Fatoua villosa
(Thunb.) Nakai, YU 7RV URY U7XV @D
Y ) 7 RV v Impatiens textorii Miq. ® 3 FED & T
Holn, 383D OTUDH LD 16 T, B Eo L
ANNVETRETDHIENTE,

LD OKIE TIE, KM E O OTU o —H Tl
AR TEVIEWD A DIV, A E S E O
OTU TiXiF & A R UREREIS BT,

% 2. rbeL TIROMERSIEHRN DHEE SNTc =R DA OREIEY Y A b

Number of reads

r;)]gL Species s’ ;1“::3]8 Sample-0415 Sample-0626 Sample-1009
Rep-1 Rep-2 Rep-3 Rep-1 Rep-2 Rep-3 Rep-l Rep-2
1 Fagaceae sp.1 7FH sp.l 29773 5 5635 2641 2878 9757 8857
2 Asteraceae sp.1 X7 % sp.1 27684 325 287 527 11315 4063 11167
3 Oxypolis sp.1 A¥RY AE sp.l (BUF) 18651 5348 4852 8441 9 1
4 Rumex sp.1 A4 R spl (ZFRD 17156 5083 4287 7783 p) 1
5 Poaceae sp.1 A4 %8} sp.1 12756 3813 2516 6379 48
6 Urticaceae sp.1 477 HF sp.1 11912 3396 3033 3314 910 1259
7 Oxalidaceae sp.1 A # NI F sp.l 10299 3671 1344 4412 653 219
i: ";i‘;fg"‘;lfg:c’)’sze’"gﬁ Siebold = )¢ (5 5R4 %4 FIR) 9438 4330 5108

9 Rosaceae sp.1 ST # sp.l 4566 2322 1129 1103 12

10 Fabaceae sp.1 ~ AF} sp.1 2874 1408 416 794 256

11 Fatoua villosa (Thunb.) Nakai 2 V274 (2 UR2 7 7 4&) 2338 1098 1240

12 Euphorbiaceae sp.1 rOUEA TR spa 2254 724 318 1164 48

13 Potentilla sp.1 FUA U spl (STHE) 1955 510 476 969

14 Vicia sp.1 VI Aspl (= AR 1387 504 233 650

15 Impatiens textorii Miq. BT ey oy om) 1202 876 326

16 Lotus sp.1 SvasyEspl (v AFH) 976 6 349 193 428

17 Asparagaceae sp.1 *U0 7 F sp.l 765 4 5 229 316 178 33

18 Poaceae sp.2 4 %5} sp.2 605 91 90 38 118 76 192

19 Kurya sp.1 BB FRE sp.l (A 590 175 415

20 Veronica sp.1 0K EEsp.l (AAS2F) 548 193 145 210

21 Lardizabalaceae sp.1 T E R sp.l 494 115 152 227

22 Toxicodendron sp.1 B spdl (TR 492 177 315

23 Fabaceae sp.2 ~ A% sp.2 427 60 367

24 Arecaceae sp.1 ¥R sp.l 385 133 133 119

25 Cornus sp.1 I ARE sp.1 (2 AFFD) 311 3 1 1 85 7 62 23 129

26 Aucuba sp.1 TAXEsp.l (TAXFH) 286 13 6 43 83 141

27 Sapindaceae sp.1 L7 vV spl 229 4 7 94 124

28 Amaranthaceae sp.1 E = ff sp.l 147 109 14 24

29 Plantago sp.1 AA N2 g spl (FA R 131 9 122

30 Stachyurus sp.1 *7VRep.l (FTVR) 130 5 53 72

31 Vitaceae sp.1 7 KU F sp.1 102 1 101

32 Smilacaceae sp.1 A TR sp.l 83 3 80

33 Cardamine sp.1 B X 3) g spl (T 7 FTF)

61 17 20 24

YR HVREED LUV E TRE TE 2BAN, IEIINIZRC RO AR L.
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B2 OTU & L2k R. &7 8
(18.5%). ¥7F (17.2%). #7TF (16.5%). A *
B (83%). 477 YF (7.4%) OEIGHEN-T-
(%1 1), Sample-0415 Ti%, BV (27.0%), #T
Bl (24.8%) . 4 2B (18.7%). A4 7 7 ¥ F (14.1%) .
NI (9.4%) DEIEDED -T2, Sample-0626 T
EF 78 (48.4%) MEpEL 2 HOTEY, 7T
B (20.4%) . 1 #3IF (17.2%). ~ AFF (6.5%)
72 EDEIA S iR E o7 (K1), Sample-1009
T, 7 F (50.2%) LU EEEDTEY,
B OFINEaN 2 TR (25.4%) T.7 TR (6.3%)
A T 7 YE (5.8%) 72 EHLHHE N7 (K1),

trnL FE % O 7= 3R £0RP) D HEE RE 0L
rbeL fEIk & W T fEAT TIE, AR 11,147 Y — R
F—HIZHEoSx, AW T30 OTU it &z

Total

Sample-0626

(£3), bV —RENBLoT2DFX 7B L FE
SN2 OTU (2,370 U — R, &{KD 21.3%) T, &K
WTHZNRIBOHZ ]3I E OTU (1,333 U — K,
12.0%). 7 FFtsp.l (1,291 UV — K, 11.6%). 77
Flsp.2(890 U — K.8.0%) .1 7 7 HF OTU(743 U —
K. 6.7%). 77 Ftsp.3 (563 U — R, 51%) ODIJIA
TEholz, METRETEX DI~ AR Xgo
7 X Pueraria lobata (Willd.) Ohwi. »-¥> V) 7 HF
A7 @D e 27 Y Carex japonica Thunb. ® 2 ff D
B THo72, 30DO0TUDH B, 6 DAT, B L
DLV ETOREEITI ZENTET,
LN O OKE T, KHE O OTU O —H Tl
KEM TREWVIEWR DI, HER & E O
OTU TIHIF E AR UAERNE ST,
B ZLicOTU &5t Lz 2 A, &2k Ti7 T #
(24.6%) . * 7 Bt (24.5%), 1 % NI B (12.4%)

Sample-0415

Z7%#

» A FF L AV LR ve u A XF " 7R
7 R < AF LA 2 w7 JF [ E Ay
n 7 nHEZ AR s hOXA TR T A %
= A7 o Uf "7 755 & FF LR==E = 3 A%E
IR RS VA IR s = 7 A% F w 3 X7 %

U R

1. rbel fEE WV THERE Sz 2 DEREIEMIC OV TR Z LICERH L2 Y — FoO%IE.
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D 3BOFEIGBFRCE <, RV I IXH T4
k& o Tz (X12), Sample-0415 Tlx, 1 7
7 B E (32.6%). A XF (224%), ¥V U I
B (21.9%). T F (14.3%) DOEIE RN ED - 1=,
Sample-0626 TlI ¥ 7 # (50.3%) 7343 LL E4 5
DTN, BHANIF (25.1%), 7 TF (11.5%) .
~ A (10.0%) OFIAE b BN Em»r-o7 (M2),
Sample-1009 Ti%, 77 F (59.0%) 2353 LL E%&
B, ooz ) 7Y oR (10.7%) . T
B (7.9%). 7 UF (6.6%), ~AF (6.0%)., 17
7Y E (5.4%) NEHEHEE ChH -7 (1K 2)

¥ h ORI

KAFFE T ST rbell & trnll O 2 8K X DEA

P DRI EREFNL, ORI 7 — T TEND I
LN DD, kL LTI L PR 2R LT,
ERELT, BEMEDIZIELL LT TR, F 78k
A FZB BENRNIR I ERN ST, e, NTHR
v AR LR EWEAE TH T, A REROFx S
B NFRHTIE, BB & SN Z L EF
NTWHZERMBNTEY O, SEIOMEEIZIZN
FTOHLE LT D, TFRICOWTH, I
THINY Z—BPEE LLFIHT A Z ERwE SR
TEY B2 KRGO X v o S2ANIZH 7T
BIARNZLS ABTLTNAZ LN, ZYRERTH
HEBPbNnD, BENARIFUTONTH, DenT
XH D, VR E L COMRENH D O, KA
FEDOREFE TG IX B B,
FECRECEXLY I IRV T, IV U T X,

# 3. trnL (UAA) intron SEI O EEHIE W DHEE SNz =R o P H OB U A K

Number of reads

t?[])L Species fst ;I-‘:;zl Sample-0415 Sample-0626 Sample-1009
Rep-1 Rep-2 Rep-3 Rep-1 Rep-2 Rep-3  Rep-1 Rep-2
1 Asteraceae sp.1 X7 F sp.1 2370 910 834 626
2 Oxalis sp.1 K Z32JE sp.1 (BHARIFY) 1333 430 547 290 56 10
3 Fagaceae sp.1 7 F# sp.1 1291 255 230 111 346 349
4 Fagaceae sp.2 7 5% sp.2 890 1 476 413
5 Urticaceae sp.1 47 7 %F sp.1 743 325 187 230 1
6 Fagaceae sp.3 7 F sp.3 563 4 2 2 294 261
fvuv"i’l’fi’)aéﬁffa 7% (% AR XIR) 531 211 153 158 4 5
8 Carex japonica Thunb. l:(;‘\ﬁ;g‘ Y YRR AR 498 180 154 164
9 Impatiens sp.1 15;?;3%;&1 388 216 172
10 Poaceae sp.1 4 2F sp.1 379 122 84 138 5 14 16
11 Rosaceae sp.1 NFF sp.1 331 11 8 5 7 14 163 123
12 Asteraceae sp.2 * 7 %} sp.2 315 12 12 15 97 95 75 2 7
13 Urticaceae sp.2 A7 7V sp.2 193 109 84
14 Moraceae sp.1 7 U%} sp.1 189 115 74
15 Rosaceae sp.2 N sp.2 133 61 29 43
16 Caryophyllaceae sp.1 +F v aftspl 117 50 35 32
17 Fabaceae sp.1 ~ AF sp.1 116 53 63
18 Rosaceae sp.3 NFF sp.3 108 57 23 28
19 Poaceae sp.2 A F# sp.2 106 51 12 27 3 5 8
20 Poaceae sp.3 A 2 sp.3 71 22 15 34
21 Rosaceae sp.4 NTF sp.a 60 20 13 27
22 Poaceae sp.4 A 3F} sp.a 58 26 13 16 1 2
23 Fabaceae sp.2 ~ A% sp.2 55 27 28
24 Moraceae sp.2 7 UF sp.2 52 28 24
25 Oxalis sp.2 T 283 sp.2 (WHSIFE) 49 15 19 13 2
26 Stachyurus sp.1 F7 VM sp.1 (7 VD 46 25 21
27 Asteraceae sp.3 *27Fsp.3 44 16 15 12 1
28 Poaceae sp.5 A %%} sp.5 44 1 1 4 13 18 7
29 Fabaceae sp.3 < A%} sp.3 38 23 15
30 Vitaceae sp.1 7 FU# sp.l 36 1 1 1 15 18

TR A VIO LV E TRETE 28AE, EILNICRRBogRE R L.
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s Y 7Y (N—a—F 4 I TEIFTVE
EETLPRIETE TRV, SRS Z D
FEEHEHITE D) 1oV T, BCEEOMIZE Ty
T DOWEFMREY) T 5 Z LRI ENTWVAS LD T
o= 9 YU 7Y 7iE, Fx AN TR
OB LN EBFTLTELT, RBALTLS DY
T OMEEE DB LA, <AL TL
FORBEMERH DD, HEENKLETHD, 7TV
FIZONWTIE, T FE TITREHY & L TogEN
SINTELT, FHOBATHS EEDbND,

—J. ZTERR Y B EO—EOFNL rbell fEIE
20T, vy U SRS TV BN i sEIR TS
JCHH SNz, £7-. rbeL BB O SN, B
EDOBHEWEE £ CRE LT VWEm DA LN, Z
NHEDOFNE LTIE, BB LT —F_X—A~0D

Total

Sample-0626

/

x 7 f

Sample-1009
PR

N\

BERCR DL RIS L » TR D = ENFE L /= v[HE
PEINE Z BiLD, GHEOSHEYIZ OV T, DNA
AR N—a—F ¢ 7 CHERT 28k E FRs Y —
FUAL, B—RNIRT —FN_X— A ERR TR,
FEREOREIIRE M ET5Z sSSP,
F7z. ARV teaL (80, RS L - Tl
ENRKREL BRI ENMONATEY, THUCL-
T PCR WK DOHEIEZIRIZIE S D& A Ul nletE 5
ZHND, THHOMERIL, 1k 2 VW TE
WradTo &, —HEROMEY 7 — 7120 L/ NGE
MLCLE WREMERH D Z L 2R LTS, H
et G L T 55 BICE YT, HEID
AT 28T D, HDWIEIAEO X 5 ICEED
FEIZ RS L T BN H 5 E Bbhd,

Sample-0415

¥
73

~ A

A Z 7 HF
«HYVY TYR w AR "7 R =~ A F} .35 R
= IR} T IYR e TR s HHAIH e R TR
s FFLaf RV UTRXUEE e %sF

Xl 2. troL fEIK A O CHEE S-S DERERDIZOW TR Z LIT&ER L2 ) — FOEIA.
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¥ B OVERYEDFEMEAL

AWFFRIIA L 1o 7 LS Z R L T
W, BB ICIIRE AL E QB ooy, HIZHE
ARl S R QALY sl b RANDYIRY - o1[ . T GR=A
WV, L L, AREFZERER & v LR A OREAE A
HlIE. WD L 9 72> 1 OVEIF O FEIZA % T35
HZENTED, K @A) v BiE, 43BN
TR AT 7R ZTRL BB YUY
Bp EOZEEME T VAL AT WD, #H
HEOHHENHT, BELLLUHITE > TERIRLT N
WETIEHLLOO, BEAERI DN OITEA 7
IN—T O E BTN DEZEZLND, HIE (6
H) ORI, 7Bl 2 NI B oFEN Sk
{Ted, ZOHEHRZIZEXTWDAREERD 5,
B (10 A) 121X, Fx 2RO T FE (=217,
JAXRE) DEELTY X —L251E0, BEY
SR LT O LT FTRHORE R IRTT 5, 2.
BHIOY UV T7RX Y T T o NABATIEL LD E
EHTHY, RIEEZBLIZEITWDS b,
INBIEFETELETRICGEE T, 4%, o7k
RTHERFH] 20 L CTHGET 2 ERH HTE5 9,

TR L S%ICOVT

ARFFED DNA A X XN —a—F ¢ v TR TRV
#ILAE, PCR I, W5 TH 72 0 & Bl
oLz, B L CRTL7cSE. I OIREE
OTU I XIXHDWT LE D AIREMENH D23, EE 2
B OTU OZAIT5ERITBY) 2L TELHEELD
b, 1E- T, FRICHEBE D b O THUEHCZFHIM
TOEWRMHEA 2 RS D ThiE, EREOKEA
WO I b, VOB AKROREH AL
FELNDIERITRE L RDATREMERE W EED
b,

i

ARFZEIT, WFFERRE [ =R 2 2 ORE ~DVERTFME
DOFEFHE L) 7 = /) aP— L OBR] 12T 5
2020 4 FEAR A )1 R S48 & BRI 58 AT 34 [R1AF 22 Bh ik
(RIIS202006) O XiE#x=IF TfTbhvE L, 22
RSB AR LET,

T AFEOEERRZIL, AR)IRFEOEMNMERIC
YAR—FE2LTCHZTELE, £/, VIENILD
DNA HHHRFZIE, [ U < R RFOWFE RIS
Z DY R— 2 LTHEZE L, ZhbDhxIT
HL XV EHHB L R ET,
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Abstract: The element concentrations of three rivers flowing into Sagami Bay were com-

pared. In all three rivers measured, the element concentration remained high for more than
half month due to the direct impact of a large typhoon. The effect of river water inflow on the

seawater concentration was observed up to about 500 m from the estuary, and after that, the

element concentration was mostly constant.
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,‘?-%L\
EF DD L CHIE 21T > T D FEEE O
JEH DU CERE U 72 #E K S OFEALTE ~ D i AT )1
THDHEBNOWIKEMA LR RS LY,
FEAEYETR O3k OWEAK T, ZAWNTHA L7=)IIK D
WHET, RBIERECK TABAS A TND 29,
F o ZAVE Tl L CHIIE LT & 7o AEARTE AT
T%éfrﬁ*%)ll&(ﬁ/fﬁ}ll (FEAIN) D)% [F H
WU L @K D5y WF%@%E\:%*@
B L7, FORER B D FIRICW L IZHE> TH L
SRV E AN B A I E % SR 4 B
DI N TCREENE N ERbhol= Y, F-FE
ORI JB 0D 1B DS FEAEE 0D 25 1 JE AU S F AR
BAOTWAANNIKRE 2 BE B2 TWHEEZD
iz, AR ARSI OB k2 5- 2
HEBIIINZ T, BROMEBIZHER Uiz, X4l
TR, B, HEE)ITH D,

Bk Ttk

WK B O RO D BRI
FNAKROFEHX, BN (B : BEHAN, EE
246 Fif & ORZZEHEHE, Bk - EETTN L EE
R, T SEEETTNIE ARG L) L OE)I (iR -
FAIRATORGE, EIREEEATL S . iR (HE)D /A
WETGA, FRGABUE <. Tt /R R)IL
FJIFGT) TERELL CTW5A5, 2019 FFEILH

N XY B4R & [ U o 12 H O FJIHE « i
PN T EERTE o2, i TlEEk
Bm FiRicHEZBE L, MiEcoyr 7Y o7k
Wra Lz, RIS REINSRAT 28Kk 023 H
0 KEL SV, AR CTHEKR OB A LT,

AR GRRED BRI

KRN, AR AT O JEC BT L W 5 km
OHBFETH TV T Uiz, &I R O
736 F 712 100 m (N-1), 200 m (N-2), 500 m (N-3), 1
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km (A-1), 2 km (S-1), 3 km (S-2), 5 km (S-3) TH 5,
E BT AN D 1 km OHUS TIEEFHIZ 1 km (B-1),
2 km (E-2), 3 km (E-3) , X OG5 A2 1 km (W-1), 2
km (W-2), 3 km (W-3) THH o7V 7 Lz, 2D
HUS I3 EL Y 1 km 2% 5 L AU 72 5 i
Th b, BREFFOKIRIZNTI S 15~17C . pHX 8.4
fHETdHh -T2,

Bk L 7= &R B 2, Nol & O No.5C D A ik
(Advantec) TAiE% TV Y7 4 #Z— (Minisart
RC15, Sartorius) T L 7=, HIEIZ1Z ICP-AES (H
SINA T 7Y A =% SPS3500) AfEH L. ¥y U
Y—HA:0.35 L/min, 77 XA~H A : 14.0 L/min,
A A £ 0.40 L/min (W3 Ar) . VAL -
1.70~ 1.90 mIL/min D4 CHlE L7=,

b e

1~ 3K OERSIHEREZ R LTZ, &2TO
FINZBNTE L OILRREDN, BENDHEFIH,
TR 20, KEXhTEm < eoTz, 2017, 2018
FEFE L RO T DA, FKFEOHIME E 54
WCHEE L TREL . ZOYICEE L7 2 >OHE
DOWBENEZ Z bz, #4129 H 5 HICHE ST
THAL, 9 B 3EERTIC =i BT 2 Wil % s
BaEAe E L, TS ERER RISk 7B R 15
FOME, FOLRE, RREE, £5121310 H 6
HICH SR CHAE L, 12 H 19 KaTICHH B
2 EREtR, BEHHIG AL B, @ ICki 72 AR 19
FOAME, FORE, RKREHEZ R L, FE 15 5

# 1. @R OERHTHER

X2 X7 N BETH - 2N @R IRIC L D HEEN
REDoT2LORERH D Y, 9 A 25 HOBEMEIX
WTHDOIINZBNTHITE A EDTETEVEE
R, 12 A 4 BIZIEBEDEIZE > T\ D Z &b
Mb, ZOZENBIINKDOKEIZRT 5 EROE
BT Di EHEAREITRHET D 2 b o T,
72 6 (I TFIRE I O AT O HE K ORERE S 2~ L
7o TTADBEEN DITHE > THITTHERIE X5\ Ml &
720, 500 m AR A D LIRIEEDMERTZ EN
role, ZOMEMIXFEE2 A7) 7 Lz
B IRIERBEDOMEA TH -2, £ A 1 km
MR CORPE ST TIEL, B> 72BEIE 720 A3, 7l
3 km OHIR THTRRE TH 5 LISMNIUZIFE —E IR
EThoTo 11 H20 D% 7Y o Iz 0Tk
PEM 2 km OHR CHTRRE L 25> TV, FEEE
VBT 1 PEA 2~3 km £ 0T IS TC R DMK HiE S &
LHELEZLNT, SRILRDIBFIESBZ TN D,
WK CTIEEE & KE 3 m OERITDRWEEZ BN
77

PLEL Y FEGEFRAGFNCB W TR, KA R
IZ LD IERBEDOENN D72 LB EHREIXAD
WD EDbooTz, FBYIN AT T, fH2
5 500 m FREE & TITIDOPEA DL THEK D ILHE
BEMELS 2508, 1km U ETIRIE—EL 2D L
N BNE o7,

oW

ABFZEIL, 2020 L FERRZR) 1 RS A BRI 8T 3

7/11

date point Ca Na Si Mg K Sr B Fe Mn Cd Zn
b 21.49 12.12 14.14 7.86 1.64 0.07 | 0.02 — — — —
22/1‘9 Ht 23.86 21.51 13.17 8.09 4.91 0.07 | 0.03 | 0.0l — — 0.01
T 27.37 25.17 12.81 9.52 5.36 0.08 | 003 | 0.05 | 0.02 — 0.01
ki 15.71 8.35 11.18 5.60 1.34 0.07 | 0.02 — — — —
2592189 Hri 21.62 16.59 12.40 7.05 3.72 0.08 | 0.02 — — — 0.01
T 20.46 15.17 10.89 6.80 3.59 0.09 | 0.02 | 0.05 — — 0.01
ki 17.40 8.60 11.95 6.04 1.52 0.06 | 0.01 0.01 — — —
2019 Hri 21.23 16.95 12.49 6.90 3.46 0.07 | 0.02 | 0.01 — — 0.01

T 21.35 14.96 9.87 7.06

3.54 0.08 0.02 0.11 0.01 — —

i 18.20 10.26 14.46 7.43

2.50 0.06 0.02 — — — —

201 SR 20.74 13.46 12.70 6.94

3.03 0.07 0.02 0.01 — — 0.01

8/15 '
T 18.13 12.82 9.15 6.08

3.23 0.07 0.02 0.04 — — —

ki 24.86 9.50 17.19 6.50

1.30 0.06 0.02 — — — —

2019 HhE 21.04 17.05 17.53 7.18

3.62 0.07 0.02 — — — 0.01

9/25 i
T 24.54 16.94 17.74 7.65

3.58 0.08 0.03 0.05 — — —

ki 19.91 9.02 11.87 6.56

1.83 0.06 0.01 0.01 — — —

2019 HhiE 21.37 14.64 12.49 7.29

3.45 0.07 0.02 0.01 — — 0.01

12/4 !
Tt | 2756 | 17.69 | 13.80 | 9.05

3.92 0.09 0.02 0.05 0.02 — —

BAEDHAL : mg/L .




AR A - ARBEEN QIR 2 REBRSIABI0E=4 ) 78 (1) 71

# 2. B OE B HTHE

date point Ca Na Si Mg K Sr B Fe Mn Cd Zn
kiR 14.49 9.76 9.56 473 2.30 0.05 | 0.01 — — — —
22/1‘9 b 12.42 9.33 9.03 5.44 1.73 0.05 0.01 — — — —
T 144 2685 7.71 338 157 373 | 095 — 0.05 — 0.02
o/} 13.00 5.54 6.88 3.35 1.20 0.06 | 0.01 0.02 — — —
25(/’213 HRiE 17.31 9.02 10.29 7.18 1.57 0.07 | 0.02 — — — —
T 30.32 429 10.54 32.0 43.5 039 | 0.19 | 0.01 — — 0.04
kiR 9.45 5.96 8.84 3.25 1.55 0.05 | 0.01 0.05 — — —
27(/)1119 b 9.94 6.00 8.75 3.48 1.43 0.05 0.01 0.04 — — —
T 10.67 21.61 8.91 4.60 2.78 0.05 0.02 0.05 — — —
ki 9.85 5.83 9.08 3.43 1.37 0.04 | 0.01 0.01 — — —
%91159 R 10.78 6.11 931 3.58 1.58 0.05 | 0.01 0.01 — — —
T 15.83 91.7 10.29 13.8 9.72 0.10 | 0.06 | 0.01 — — 0.01
st 10.20 6.75 14.80 3.94 1.57 0.05 | 0.01 0.02 — — —
29(/’212 HRiE 15.23 7.38 15.23 472 1.58 0.05 0.01 0.01 — — —
T 25.56 157.6 15.74 212 14.3 0.15 | 0.09 | 0.01 — — 0.01
kiR 12.31 6.41 9.54 4.16 1.73 0.05 | 0.01 0.02 — — —
Zlg}f b 11.31 6.70 9.12 4.05 1.76 0.05 | 0.01 0.03 — — —
T 15.81 31.4 9.54 6.75 3.36 0.06 | 0.02 | 0.04 | 0.01 — —

HAEDOHAL * mg/L.

7% 3. RO EEHTHER
date point Ca Na Si Mg K Sr B Fe Mn Cd Zn
ki 29.38 20.38 24.72 12.19 3.45 0.13 | 0.11 0.10 | 0.03 — —
Zf/f Hrt 20.96 37.76 22.02 5.98 4.18 0.09 | 047 | 0.03 — — —
T 19.16 29.09 21.39 6.07 3.94 0.08 | 035 | 0.02 — — —

kit 32.46 16.38 21.65 9.83 3.12 0.10 0.11 0.07 — — —
25(/)213 i 17.62 28.63 18.86 435 3.19 0.09 0.31 0.02 — — 0.01
TR 15.84 24.49 19.44 491 3.28 0.09 0.26 0.02 — — —

ki 32.55 16.93 23.18 10.83 3.15 0.13 | 0.11 | 0.06 | 0.10 — —
27(/)1119 i 12.50 | 20.85 18.25 3.68 2.64 0.06 | 021 | 0.05 | 0.01 — —

TR 16.20 18.91 18.71 4.66 3.04 0.07 | 021 0.11 0.01 — —
e 30.14 1640 | 27.54 10.5 3.09 0.11 020 | 0.07 | 0.06 — —
2992159 Hrt 17.61 22.73 24.57 4.67 2.91 0.07 034 | 0.10 | 0.01 — —

TR 19.05 19.65 24.48 5.12 3.08 0.07 | 029 | 0.08 | 0.01 — —
bR 32.00 15.73 21.67 10.18 3.14 0.13 | 0.11 | 0.05 | 0.06 — —
2019 | HIEA | 18.84 18.24 18.75 5.07 2.95 0.09 | 0.19 | 0.06 | 0.02 — —
12/4 | tisB | 73.15 157.2 18.80 3.52 1049 | 051 | 233 | 002 | 0.02 — —
TR
i A BEEDS 7Y T HE XV K9 500 m R
e B FIIA~TRAT DHEK 1 L0 K.
Hfili O HAL : mg/L .

# 4. BE 15 5ONE, FOLRE, HORKmEE Y

H I e PR LT (hPa) He K JEGH (m/s)

9 7 8 H3H 30.2 140.5 955 45
9 315 139.5 955 45

15 If 33.0 139.0 955 45

21 34.1 139.0 955 45
9H9H 3 353 139.7 960 40
9 36.4 140.9 970 40

15 If 37.4 142.4 980 35

21 383 1443 985 30

kLR O 1 35.335, #F 1 139.35
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5. B 19 5OME, HORE, RO Y

H kg fi=3iy 35 LA E(hPa) e R JEGE (m/s)
10 A 11 | 15 ¥ 28.8 137.5 935 45
21 W 29.9 137.1 945 45
10 )1 12 H 3B 30.8 137.1 945 45
9 i 32.0 137.4 945 45
15 I 33.7 138.2 950 40
21 B 35.6 139.6 965 35
10 7 13 B 3 W 38.2 141.8 975 30
9 B 39.5 143.5 975 30

#6. 2019412 H 19 H (N-1 ~ S-3), 12 7 20 H (E-1 ~ W-3) FEFLEHK D & B 5

' point depth Na Mg Ca K S B Maximum
distance* (m) (x 10%) (X 10%) (X 10%) (x 10%) depth (m)
N-1 0 9.29 10.81 3.51 0.53 7.47 4.42 6
100 m, 0 3 9.27 10.99 3.64 0.54 7.48 4.16
N-2 0 8.98 10.58 3.39 0.51 7.33 3.98 4
200m, 0 3 9.72 11.18 3.61 0.55 7.65 4.26
N-3 0 10.51 12.06 3.97 0.61 8.21 4.57 13
500 m, 0 3 10.37 11.83 3.91 0.61 8.07 4.40
A-1 0 10.51 11.96 3.91 0.60 8.12 4.63 38
1 km, 0 3 10.66 12.04 4.05 0.60 8.15 4.60
S-1 0 10.36 12.01 3.81 0.61 8.17 443 231
2km, 0 3 10.51 12.00 3.94 0.62 8.12 4.51
S-2 0 10.59 12.07 3.81 0.60 8.26 4.60 376
3km, 0 3 10.83 12.18 3.94 0.62 8.28 4.59
S-3 0 10.35 11.95 3.75 0.61 8.09 4.46 617
5km, 0 3 10.75 12.13 3.97 0.62 8.29 4.64
E-1 0 10.38 12.03 3.75 0.62 8.47 435 32
1 km, 1 km 3 10.68 12.06 3.76 0.60 8.50 443
E-2 0 10.79 11.92 3.72 0.62 8.36 4.34 20
1 km, 2 km 3 10.48 11.97 3.76 0.58 8.36 4.28
E-3 0 10.49 11.95 3.74 0.62 8.41 431 18
1 km, 3 km 3 10.37 12.02 3.81 0.60 8.36 4.25
W-1 0 10.55 12.11 3.79 0.63 8.42 4.34 30
1 km, -1 km 3 10.23 11.83 3.74 0.59 8.37 4.19
W-2 0 10.15 11.66 3.70 0.59 8.25 4.32 30
1 km, -2 km 3 10.48 11.96 3.85 0.62 8.37 4.30
W-3 0 9.97 11.66 3.73 0.57 8.15 4.12 25
1 km, -3 km 3 10.57 12.00 3.74 0.62 8.40 4.29
* D OMRE - M Am, H5 Bm CRlifik.
BE DAL - mg/L.
[FWF7EBR (RIIS202004) %521 TiT->72, Z 21T 3) WA, ghRREIL, &, TEAY T (2016) HH

HEEERLET,

SR

1D FREFEE, WA, $AORERTL (2011) ARSI 15
DI T 5 2 7 b o DT ~DYKFTEA DS, Sci.
J. Kanagawa Univ, 23: 59-66.

2) ERAKE, WERE, & —, WAL T, RIS,
RAFESL (2015) ABMEINH 3k~ 5 > 7 b A ED
JA4ZE(k.  Sci. J. Kanagawa Univ, 26: 91-96.

4)

5)

6)

FE) AT SRR B ONE AR K O JE R PR . Sei. o.
Kanagawa Univ, 27: 81-84.

o ESIRKR, ECREth, EROREERL, ik
—, PEAAT - (2017) ARAE) ] D3k B 1) 5 BB
BRE=X U 74— mAWIKDITLIEREM. Sci. J.
Kanagawa Univ, 28:109-112.

KRBT HP, BEMEEX. [https//www.jma.go.jp/jma/
index.html].

g SR Z (2020) 2019 412 L 15 5 (Faxal) 12 X % iR
R EOMEE. JFLBK DOFF 1401 27-32.
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Long-Term Monitoring of Environmental Changes in the Sagami
River estuary
IIX. Impact of Low Precipitation on Biotic and Abiotic Environments
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Abstract: The amount of precipitation around the Sagami River estuary in autumn 2020
was 38% of that in autumn 2019 and this was expected to reduce the inflow of river-water to
the estuary. To estimate the effects of the decreased precipitation, the abiotic and biotic envi-
ronments were measured in the estuary in January 2021 and were compared with those in De-
cember 2019. The reduced precipitation clearly affected the abiotic environment. The coastal
water-mass derived from river water, which was observed in December 2019, was not observed
in this study. The open sea water-mass covered the estuary and the salinities measured in
this study were ca. 0.4%o0 higher than those of December 2019. The reduced precipitation also
affected the biotic environment. The phytoplankton biomass was significantly lower and the
accumulation of phytoplankton on the seafloor was not observed in this study. Corresponding
to the lower biomass, the surface densities of the dominant diatom species (Skeletonema costa-
tum complex) in this study decreased to ca. 40% of those in December 2019, although decreases
in cell density were not observed in the dominant haptophyte species (Gephyrocapsa oceanica).
The effects of lower precipitation varied from species to species, resulting in significant chang-
es in the species composition of phytoplankton communities. This study showed that decreased
precipitation has a marked impact not only on abiotic environments in the estuary but also on
biotic ones.

Keywords: biomass, Gephyrocapsa oceanica, Sagami River estuary, Skeletonema costatum
complex, species composition
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FABGE IO B0 6 R 2R TR RICE WIAEL, BRENEMICEB L T1D 2, Z0k)

5, K-> THRMMNEETH D, Z0EBD
AT I D — 07T BELDOFII D> 5K
DAL, BNICITEMERBRENER S TS Y,
Wb R T D OUEE IR, AR 17 5 DR IK D
ML D AT, FRER & METN D R 7 i K HE

AT HEIEICH > Th, kkx RAEMNPHEY T
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LRI O OAREREET HT-DICEETH
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5 X5, IHEOMERIERRL & Tk O K%
L, ZOWRICHEkA B L 5252 LR T
I D, WIS EN 7R & ERERREIZ L b
IR THELDBGE 20 TR A, 8% EMEICE
BT H7-DI2IE, T OWHE TOEEFEIZO D HE
NEETH Y, Foxid 2010 FELISKEMkR: L7- A 2
FEhE LTV D, ABFFETIE. BKFEORERTE DD T
DIRNARFEEDORRIZER LT, ZOKRREMDHE
W52 2B A 5N U, W DO ARER A &
D E N LT ERE T 272012, WEFE DOV -
W7 Z 7 b U REE OB & bl LT,

POBEE T3

BREERN LN T S 27 b v EBRONE
FEEMWEBREE R Sl T 0 s o AEMEORIE
% 20214 1 H 15 BIZAT-o 72, FAEI O 5
12> THAIZ 1000 m, 1200 m, 1500 m, 2000 m.
3000 m, 4000 m. 5000 m @ 7 # % FEdLERR B2
BRELTHELZ (KD, 512, 1 H 28 HIZMHME
JIRE] O JEIZ W T, T A2y BEFIC D> THAIS
1000 m £ T 100 m ¢ 11 # 4 2 FE AL E#R_EICRE
LCHIE L7z, GPS % W THEEERREE 25k . &1
SO D6 OB 57, LS OKGEILEEHE
FREFAWTHIE Lz, SRS, SRz X v
E iR A KE R (AAQ126, JFE 7 RN T v 7 Bk
Xath) #®F LT, BRSGE, BE, £, S
bz, Zau 7 g b elE A2 NE Lz, ERinE
FELEE, ERMBOY 7 F =TIk S
TRFE (%0 ) & /KTE (m) ICHRE U7, WK O E RS
(o ) 1L, MM SIREE, 0 BHE UK
JE (kg m®) £V 1000 25\ CTRD7=, 7mra 7 40

A 5km -

it

B R "‘
* 20 km

B 1. B, BRI 025 5 EE S A 5 km OfE 1T
RS ARG 7. A RS 2s. KPR oA B D%
B2, B B, X EARERA U BN w
DR B TN

HOBBREE 1T, B & [FIRFICER K U 72 KER D Bk
Wiermau 7 4 aBETKREL, ZJun” )la
TREE (ug 07 ITHATRL U7z, WEKERBHE AT 7 A JEHK (GEY
F, Whatman) (208 U, K EIZE STk 5D
NN- UAFNUFNVLT IR (BT AV LFEHEE
A Cruu T g va B L, WRTO
a7 4)Va REITE0R5 tEs (TD-700, Turner
Designs) % MWW CH A TRD 7z, RIRHCHIE S
TEETIBRE R OKGEE S &b, T & st
T, FRECOERE, WKEERSK, /7en7 g
NValBEDORESAiERDTY, S5, BRSO
O SOHEEE HHOETHE L, MESDKEE
BEREME LTHRELEZET, avZ—~<y 7%k
K L7= (G-sharp, HAE TS,

T PR B A 36 2 SR B S

A& 200 m, 400 m, 1000 m 3T 4 HlA (1
A28 H). 4 1000 m, 1500 m, 2000 m, 4000
m, 5500 m 3o 5 {A (1A 15 ) OrgdbE R
EOAFH RS (X 1) TERAKEIT/R>72, /Ny F—
VERKEE (OSK12XL010, A4 4 U ksksk N tt) %
FAVKE 1M & 10 m S8R L, MG U7 RmE
IS AN CHEBR=EF Tt L7, sREHIHIE £ T 5°C,
BEAT CIRAF LTz, AREHF ORYBEEEF ORE TN
Ko AiciElc XD 2606 TRD = (Marine
Checker HI781, HANA Ins.),

W75 v 2 b v ORERRS O

FEAE) TN 125 5 FF L2 A 23> TR A2 100 m, 1000 m,
5000 m O ALERR Eo 3HIA (K1) TAKELIm
E10m by R—=UEKRGEEZHNWT L, K
EHT 250 ml BAR U A AN, HL0Z 0.1%
kL=< U 2 -0.025% Z V2L T VT e REETR
AU Uz, BEEREHE, Be=— A48Tl k|
RHIE AT 7 — T — "o 7 TIRAF L, [EE e
DIEHE & PRSI L DB E T, BEFT - R
(BC) ITRE Lz, EEHE 250 ml 1%, 5IEETIC
57 ¢ % — (FL£2 0.2 pm) (ISOPORE, Millipore)
TH 30 ml F TIEHER. utermohl EIZ L 0 BISE
WisE (DMIL, Leica t1:) # H\C#l£2 L=, Edler
L. and Malte E. (2010) ® (2% U i %5 £ &2 HEE L
Tmo WUNZRHIRIL, T ¥ o N — B RS 2 4 E LT
EfERORM L o X THIE L, SR EREIRGS v
VATHER LTz, 7T 07 broRlE (B4 L L)
1Z. Tomas C. R. (ed.) (1997)? %5 J X Takuo O. et al.
(2012)% (Tt~ 7=, BEEFEDNRAE L, JEFBAMSE F ¢
TR C & 7o WRERE X, FE4 DI complex & LT
oA L7,



TEIEBRES fi : FIBSER DAC 1) 2 RIBREABT=2 178 (2) 75

iR

N

B R oW O AP OKIENE 17.4 ~ 17.7°CO%E
FlZdH o 7=, BEMIITOKEN K HILL 17.5CLLT
THY., KESm T TITTCIZER L, AT
HE LR g oKEIE, 4 1000 m T 17.4°C T,
HAmE»HIZoNnTHhI T > EH L, 2000 m T
17.6°C. 3000 mC 17.7°C& 72~ 7=, STk v 9
MBI L72h, 2R e LCKIESB0 m £ TOKIR
FRBOKRELEELIZE-ETH-o7= (M 24),
AL O IREEITERE T 33.1% CTh o7z, L
L., EOREIIKGEE EHICAMICER L, KES
m Tl 34.6%0 & 7257 (X1 2B), & CTHIE L7H
SPIRFEI IR O O FEIZ L & T AR S IR FE /KB
IR 5T, A 5000 mE T 34.8 ~ 34.9%0 D
FTIEE—ETHoT=, T, KBICK DL
RN -T2 (K 2B), HEEE, KR, EH
N HAHE R OBEERRIE o 2RO 7-, AT T,
FJE DIRIE S IEFE DABED 7=, KEHE 0~ 3 m D#i

1 175 Ol

7K (m)

snman> 4)ba
W (g™

200

[X| 2. FEAR) IR D3OI E i)~ 7 7 N D534, T
A2 BIFAC > CREAL T ICERE L 7= ERR_ECllE
L, T E 2> 5 O & kG CF L /RS _EicKiE (A),

HomRE (B), BEOHE (C) 8L rnr7 1/la
IRE (D) Dot m Lz,

PHC, 24.3 ~ 25.5 DIRFEEDOKIEBBDO LN, L
2L, 3m LUED ¢ 1% 25.0 ~ 253 TIEF—ETH-
oo MADEETo1L25.8 THHoT-, MHIZIHD->
TAKIEDE L 725729, 2000-5000 m DFKJE T o 1
KT L 255 &72->7=, 2000-3000 m D Ti&, 7K
WEEBITHEENMENBRL ER L (K20), =
O OIEEMER & L HIHIE L8 R E D
saunZ 4 )valBERHEE L, EEO/nn T 4
Jva P AR TR BIRLS 1.2ug 07 THYO | P
Bl o THRLICEF L, 2500 mT 1.3 pg 07,
5000 m T 1.6 pg 0 ' X HEIHER SN, BT
THERE CIZIFE LWVEDREO NN, FOfEE
KL & HITENTEB LT, A 2000 m T,
FHENOLAKEIOM T/ a7 ()ba BENERL
7223, 10 ~40 m TIEHKEEL L HIZIKTF L, &b
40 m 2°5 50 m DR Tr B a7 ()L a BENMEIC
ERIEME B AR LT (K2D),

T PR B A3 S SR e

TEPRTE % HIEE 2 KE 1 m & 10 m THIE L7= (4 3),
K 1 m OFEEERE M2 IR X, 1T 2.56 mg
0T THY ., WANSIEITI o T, 125, 444,
1065, 1534 m T% 1 £ 1 1.13, 1.17, 0.66, 0.21
mg 07 EAMSITIKE T L, 3825 m TiE, 0.02 mg 0
AR T L7, — 07, TR 10 m ORYERME I E 13 £ E
IZHARTERLS, A T0.19mg e THY ., HEITH
Mo THINIMET L5486 m T0.05mgl™ & 725
7z (X3),

K752 b v ORERE
I O AT ORISR S U T AR 4 1 FE o kBRI
ITRAKICAERT HEERENRZ RO LN (1),

20

1.0 =

THER R (mg 0 ™)

0 2000 4000 6000

A2 5 O (m)

X 3. M AfTTEOFE 1 m &/KE 10 m THIE S - mylk
FEEZRE. AL (O) LB (@) TAHE1ImTIA
28 H& 1 H 15 HICEK Ltk s, [z (O) &
B (@) IIAKEIOmMmT1IH28HE 1 H 15 HIZEKL
T UEK R DL &R,
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# 1. WiAKEEIT O 7T 7 b U REEE OTERAL

. #E (0m) KR 10mfE . #FE(0m) K 10m B
Species Species
CH 100m 1000m 5000m 100m 1000m 5000 m CH 100m 1000 m 5000 m 100m 1000 m 5000 m
diatoms flagellates
Detorula pumila <w 82 Cryptophyceae 326 653 2,366 653 653 2,448
Lauderia anmdata W 8 4 32 32 132 Dinophyceae
Skeletonema costatum complex 2938 3590 27418 3,074 3318 30,845 Prorocentrum dentatum 163 41 163
Thalassiosira diporocyclus 363 Prorocentrum triestinum 163 163
Thalassiosira spp. 326 1224 816 1,795 Prorocentrum sp. 163
Melosira nummuloides f 204 82 Gymnodiniaceae 326 979 1,795 816 653 2,285
Melosira varians f 367 122 Ceratiyum fissus 8 4
Leptocylindrus danicus 163 775 32 1,061 Ceratium penatogonum wWo 4
Leptocylindrus minimus 428 163 Ceratium tripos 4 4
Corethron criophilum 163 122 Oxytoxum spp. 163 245 653 41
Corethron pelagicum 4 Serippsielia trochoidea  ib 163
Coscinodiscus spp. 4 Heterocapsa spp. 326 326 163 163 163
Asteromphalus sp. 41 Peridiniales 326 734 163 326 163
Cyclotella spp. f 2938 Pronoctiluca spinifera 163
Stephanodiscus sp. f 1306 653 245 653 Haptophyceae
Aulacoseira gramilata f 1061 204 Emiliania huxleyi 1,224 326 1,142
Rhizosolenia bergonii w 8 8 Gephyrocapsa oceanica 16,973 22,685 35904 18,115 29213 24317
Rhizosolenia robusta w 4 Discosphaera tubifer 163
Rhizosolenia setigera 20 20 Coccolithophorid type 1 122 163
Guinardia striata 204 Dictyochophyceae
Dactyliosolen phuketensis 184 Dictyocha fibla 0 41 122 41 41
Cerataulina pelagica 326 347 326 530 Dictyocha speculum 41
Eucampia cornuta 326 82 41 Euglenophyceae 490
Eucampia zodiacus 82 612 Chlorophyceae
Bacteriastrum elongatum W 122 898 Scenedesmus spp. f 653
Bacteriastrum spp. 898 Mougeotia sp. f 367
Hemiaulus hauckii <w 82 286 Prasinophy ceae
Chaetoceros atlanticis 82 36 367 Pyramimonas spp. 490 979 2,774 163 979 1,632
Chaetoceros borealis 56
Chactoceros danicus 122 204 367 8 122 408 “Total (cells * ') 21,004 25879 45288 20,404 33,178 32,436
Chaetoceros peruvianus <W 4
Chaetoceros affinis 52 120 20
Chaetoceros affinis var. willei 163 163 %EH@%‘E (cells 0 '1)
Chaetoceros compressus W 136 32 60 326 326 % [F' » CH ﬁ” li%‘*ﬁ 12O
g:aemcems curvisetius W 163 1,856 163 1,142 3,631 TBL‘F@*{‘ Tifa: L/ &)ﬁ—
aetoceros diadema 56
Chagtoceros didymus <w 265 36 122 b: ﬁ7 kﬁzé“—‘ﬁi
Chaetoceros lorenzianus w 408 143 265 122 82 612 C - %/L\ ijZEu_»
Chagtoceros radicans 64 326 f /ﬁ7kfﬁ§5«u$i
Chaetoceros subtilis b 163 BN A AY==S e ep sy
Chafwcebros iienwlzszmm ib 326 571 326 w B AR B
7
Z;Zaz;,:smlfmhzfid;kzaAm W . " w " " 20: Z i{f%‘f‘%ﬁ%iﬁ% - $$
Lithodesmium variabile 653 ’ N k :
Odontella mobiliensis 82 41 326 326
Odontella rhombus 8
Neodelphineis pelagica 775 898
Thalassionema nitzschioides 367 41 1367 408 1,469 122
Thalassiothrix spp. 286 82 224 82 82 82
Manoneis hasleae WO 326 326 653 1,306 N . .
Fragilaria spp. f 1795 163 653 A5 A 100 m O K g /K T If Navicula
Meuniera membranacea 102 . . .
Liomaphora abbreviata 6 w2 spp. =° Cyclotella spp.. Fragilariopsis spp..
gmg"iﬁ i 1{ f;g 1;3 Stephanodiscus sp. D PR B OFHEE BB O 51
mbella sp.
Gomphonema sp. f 326 163 f:o — j/l/ Ev 0)$§ {/ j: L/ &) k —g* ZD ()A$7k*£ 15 *ﬁ (2%
Navicula cryptocephaia f 5 X = e
J\hvzcuiag’r);gaﬂf f 168312 A;OZ;‘ 163 1) 0)%;};1‘1 Li;'f m &: 1= < N - O)@j( Eﬁﬁ@l' I:F' 2 HE‘T 2
Navicula pupula f 653 122 163 gﬁ%i@:’ﬂﬂﬂfjik@ﬂéiﬁ (54 1%) % ‘J_?ly)’Cl/\f:o [A]
Navicula spp. f 1338 1469 326 4,733 326 41 .
Amphora sp. £ 63 ® CEACGS (FA 100 m) DK 10 m J& T Navicula
?;izz::i ;Z;Cmg c fzi o 103 spp. <° Stephanodiscus sp. B WEE (ThTh
Amphyplewra spp. 82 a 4733 & 653 cells 07 TRHHAL, TN HOMEE L
Pleurosigma/Gyrosigma sp. 82 4 41 41 " 5 e
Cylindratheca closterium 1460 326 2366 979 653 1,795 U & T BB OMAEI L, Z OFKFE
Fragilariopsis spp. 4,080 326 326 490 979 < z NP
Pseudo-nitzschia seriata complex 204 41 2387 408 326 163 EFI 2] iP:{ﬁ *ﬁ 2] -ﬂﬂ H/j d}k@ j':éﬁ (503%) % E &b T
Peudo-nitzschia sp. 61 163 7" P:(vﬁ: uﬂ»@ (ﬁi % H T %) <1_f {%7}{ Iz u_h—gF
Mizschia palea f 490 326 =
Mitzschia sigma f 4 é*ib 3:\ k /\/&EZE\&) %Z/Lfci 7530 7LC (%E 1) 100 m
e o o WA ORI AFBHT DT AN b N7z Fk
Total (cells * 1) 47364 13564 44917 14345 10,173 47,855 Scenedesmus sp. X° Mougentia sp. & % D FE IR
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FWH 72BN O L Z OB OWEIIC S HICKE
IR B2 T D ATREMEN B D, B OE O
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78 Science Journal of Kanagawa University Vol. 32, 2021

>

Rk £ (mm)

L

91 10 A 1A 12 1 1

HEE ()

4. FKEFEETIRT D4 CPEEm) OBKE. BAKS

2R —LR—=VREORRT — X L 1ERK. BillET 4
4, 201949 A ~20204£1 H (A) & 202049 H ~
2021 41 A (B) &Lt

Z DUHE O IIRE OS54 10 Ll d 5 &, B
[k BDKD - 72 2021 45 1 H OIS 1EE iZFi"]“C
% 0.4%0fm < 7o T2 (X 5), F7o, AHNTIHE
HEIEATTIZER D H AL D KR - ﬁﬁﬁﬁﬁ@m%(m
5A) 7% 2021 4 1 H OWE TR S Nnie oz,

M) BB
2019 4= 12 HIZIE SN Z ko 7 awe 7 4 v
a B DA 10 L ARFZE T D T 7 o 72 2021 4E
1 ADS iz g3 5 E PR ZNE O vz (K
6), 20194 12 HICHIE SN2/ a7 )b a JBJE
@“ﬁ =N %Efm<ﬁgfﬁwfﬁﬁm®ﬁm
SR LI, AFIEORIER RIITRO b
Woto%Wﬁﬂ2ﬂ A”@@rﬁ _mban
tﬁm MR E DKL (K 5A) 1%, $hiElRA
E%&<L\_n;iwﬁgﬁﬁf®%ﬁm%ﬁ
%éh%<¢é&%ﬁénéomw&nzﬂmwﬁ
INTzrvan 7 (v aREOREHROARE Z D
KR DOIFAE LR S LCU=, 2021 4F 1 H o~
T b oA ED, 2019 4E 12 Ak L TE <
Teole T ElE, BRI N, HEEREERE ORI
W & FAUCEE D TN ARDHEANEE CHH 2 L &
BLE LTV e, 51T, 2019 4 12 AIZ%E>
5 HORIZ, BERICHES TR KB FA L
722 Eid. 2021 4E 1 H oSesi>HIRNIC i L TR &
DRFBEEZMIE L, W T T 7 b oA ST
EFPREEND, 2019 412 AIZIERED b= aft
F@ﬁﬁm@&%i?yﬁb/®$&#mm¢1
AIZEBoonianot=Z L1k, BAKEDEWER
SHIELTWD EEZBND, AL TIE, WEE
ANCRERI O & - 7= 2021 42 1 A 28 HIZIXR DI T
mwﬁ%“%iﬁﬁ#mw%nto%m LD D
FLATOfMHTICE W a a7 4L g BENED LR

A2 5 o HHEfE

TREE (%0)

TR
=] %

20 4

30 4

40 4

50 4

X 5. FRAR) AT DR O MR EE AR DR KEIZ & b H &
{b. WA B> TR ISR E L= HE R
THIEL, WHaHD ODEEHEJ: JKEGETHE Lo KB _FICHR
SIEEE DA AR Lz, 20194812 4 (A) & 2021 4F 1
AlZiE B

2otz Z IR HENERERZ B~0H) THY,
W7o 07 b OWENAR TS THholzT-H L%
Z bz,

MK B RMEOEEER T 2RO IX
EMEBEDE ORI LT, MW7 77 b BED
REEMEIC L RERENEE L ST, BHHE
T 5 S costatum D F% g KFEE T O} X
2019 4E 12 HICHEHII SR TWD 19, ZDfi R &K
BWFFEC 2021 4 1 HICEHI AT 72 o T2k SR % el 5
Ll REDEONED BT, 2019 4 12 A 12
M7>5 100, 1000, 5000 m & TEAK S -k
BB ORI T E N 57038, 13437, 12458 cells
0T THoT-DITx L, 2021 A2 A H B [FEE D
RCERAK SN ARREF OB X Z 2 2938,
3590, 27418 cells 0 ' Toh » 7= (F 1), 2019 4FE S,
costatum OEEFEEIXI O 64 100 m 538 T b
&<, 4 1000 m, 5000 m TIEL 72> TUW=DIZ
*FL. 2021 4 12 H O EIE 100 m 317 The HAK< |
4 1000 m, 5000 m (ZFeh > T /g > TUie,
Z D728, 2019 I EHH S AL MR E T x5
2021 FECHE S A7 AR FE T 100 m 4 C 5.4%.
1000 m 14 T 27% (B X 722> 72735, 5000 m {4
TIL220% & 72 o7, F7-. 20214E 1 H D 3 i TD
I 2019 4 12 A OFEID 41% 12\ X 720572,
ZOFERIT, 2021 ED 7 a7 4 )L g JEFED 2019
B L TERWEEZ R L2 (K6) ExbitL
TWe, —J, HEmRUANAOEBETE L L e
kN #486 G. oceanica T 2019 4 12 A 121% 2021 4
mﬂ:ﬂﬁéhtﬁf&ﬂ%:ﬂmﬁﬁfdé<%

(2o TRE L 2 DMHENRD ST, FE



S EBRES fth : ARSI Ol

A6 DFRHE

10 -

20 -

7au7 A a R

50 (ugt™

40 ~

IR

10 °
20 7
30 7
40

50 ©

I6 W@Mﬂmﬁ®7um74waﬁf“ﬁwhmg
L H 2y B b, AN S REIZ) > TRAL T RS E
7-HER ETHE L, ﬂmﬁ%@ﬁ%k*ﬁf%btkﬁ
Wi o7 mr 7 o va BEOSF &2 Lz, 2019 4F 12

A (A & 2021 41 HiclliE (B).

M D7 BT EE R 5FIE &R & 3o T2, 2019
12 2 E 225 100, 1000, 5000 m A CTERK
ST AR OB LI X U E L 21057, 18185,
20400 cells 0" TH-7=DIT%F L. 2021 423 A />
SRR ORLS TERK Sz e o 1T
2 16973, 22685, 35904 cells 0 ' Th 7= (F 1),
2021 4E 1 A @ 3 S TOFE¥)1E 2019 45 12 A D -1
2T 27% EH- L Qe MEkeRcRa &0 #l
fa DR & 7 BB SREOMBEENKE D LT
W=DIZxt L, MR O/ S 7aoNT b it SFRE S EE N
LTWeZ &id, BROBAIZ > TSN DK
ERMAEOE T &5 LT\ e, B OB I3HEY
7T N EMBEORIIENY T T T
V7 N UREORERME 2 R E AL X 5 RENE
B ORIBLTCWE, £z, Zana”7 4 )ba BET
T, EWEOEE, MREREO/NSVINT N
IV, HEEEOMBEEOE(LE B KR LT
77

Wi

FEAS) AT A3 0D 2020 4R 9 H 726 2021 4 1 H OF%
KEIL20194E 9 H 225 2020 4E 1 H D 38% TH -
72 TIIKDMARZAR T SHZZ ERTREIND,
Do DREAKE E XIS LT, 2019 4F 12 AIZRO B
TIKICHET D 2 ENTHREND N FABLITA
PR ORNE TIIFRD D oTz, ZD7H, 2019
12 ATl LT 0.4%0f W IR EE DB S 47z,

BULRMEREZST=2)2278 (2) 79

FEWIBREE I BBV O bV, AFEOHIE T
ﬁ?mm74wa%EﬂE%Eéﬂéﬁ%7iy7
NoAEENPREALT L, 1 km /PEHEICL
m%@%ﬂéﬁ%fﬁyﬁky@ﬁﬁﬂmb%h@
Molz, EWEOIKT &xfii LT, ARUFZETHIE S
N7 EEpREME 5FE (S costatum complex) DI
FEN 2019 4F 12 A DRI 40% K F L=, —H, »
7 NEEEOE S (G oceanica) \ZITHMINE E DAL
T IRO LN oT, DIV BEKEDREITHE T

LITHEZRY . ZORE, M7 T 7 b oREEOTE
FER D K& < B STV, RIFEoERIT, K
FREOAR T 2SFER ] (8 D FEAE M BRBE D 72722 &
T AR KRE R EL 5252 &R LT
W,

i F

FRAEL) TR O g DRk e Al A sE D — B & LT, 7
T 7 N BT DR 24T 78 o T AR WFZE 1T
P23 1| R 5 BR 23R A BR 22 AF 50 7T 36 (R AF 58 B ik
(RIIS202004) % 9 i CTHh S v7-, WFFEIC ZBifig
BIHE |, RO O TR KRB A B
FRZEATOPTE O S AR BILH L LT 5,

SCHk

1) AR (1985) H AL FE .
FHIRE, BT

2) WAENESE, ShAREERL (2010) FEAS IR 1 35k D & Al
W77 7 kL D3AR. Sci. J. Kanagawa Univ. 21:
65-69.

3) PR, WEE, SAHESL (2011) ARA) AT sk
@ﬁ%77/0h/@\ﬁ«®&mﬁﬂm%@ Sci.
J. Kanagawa Univ. 23: 59-66.

4) ZEHURMEN, PREFEE, SARHETL (2014) AREL)IHA K
W vl o H 24k, Sei. J. Kanagawa Univ. 25 111-
116.

5) Protocols for the Joint Global Ocean Flux
Study(JGOFS) Core Measure Ments (1994UNESCO)

6) Edler L and Malte E (2010) The uterméhl method for
quantitative phytoplankton analysis. In: Microscopic
and Molecular Methods for Quantitative Phytoplank-
ton Analysis. Bengt K, Caroline C and Eileen B, eds.,
UNESCO. pp. 13-20.

7) Tomas CR (1997) Identifying Marie Phytoplankton.
Academic press.

8) Takuo O, Mitunori I, Valeriano MB. Haruyoshi T and
Yasuo F (2012) Marin Phyotoplankyon of the Western
Pacific. Kouseisha Kouseikaku, Tokyo.

9) HAKG:H 2 tenkijp [https:/tenki.jp/]

10) WFJEBREH, JIMER 7, ZHMER, SUIG—, EARL
T, ESARETL (2020) FRALIRAT FkIC 351 2 R HIBRER
BEYOE=H Y 27 (LRI Sk O R K
FIZRD SN T Z 7 b OREEREE ). Sci.
J. Kanagawa Univ. 31: 83-88.

R






Science Journal of Kanagawa University 32 : 81-86 (2021)

BT =AhHIL/—FN

anreFUvERHWEYOAL X3 XF (Arabidopsis thaliana)
4 156 B U 8 (5 DR e ik

HE A TCHAR A
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Abstract: Colchicine gel treatment is one of the major methods used to induce polyploid
strains in plants. In this study, we examined several conditions of colchicine gel treatment in
the diploid and tetraploid of Arabidopsis thaliana (ecotype: Columbia) to establish the most
efficient method of tetraploid and octaploid induction, and compared the induction efficiency
with that of one-drop colchicine solution treatment, which was previously reported. The shoot
apex of diploid and tetraploid seedlings was treated with colchicine gel (0.5% or 1.0% colchicine
dissolved in 1.0% agarose) for several days. Thus, 0.5% colchicine gel treatment of the diploid
for two days induced tetraploid (7.5% of treated seedlings) most efficiently under all examined
conditions, suggesting that one-drop colchicine solution treatment of the diploid is more effi-
cient than colchicine gel treatment. 0.5% colchicine gel treatment of the tetraploid for two days
induced octaploid (5.0% of treated seedlings) most efficiently, which is similar to the one-drop
colchicine solution treatment of the diploid. The survival rate of colchicine gel-treated seed-
lings was much lower than that of one-drop colchicine-solution-treated seedlings. The survival
rate difference resulted in a lower efficiency of polyploid induction by colchicine gel treatment.
These results suggest that one-drop colchicine solution treatment of the tetraploid can most ef-
ficiently induce octaploid.

Keywords: Arabidopsis thaliana, tetraploid, octaploid, colchicine, flow cytometry
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BAROEHTIX, areFr, FAVHFV L, RU T
A v, BLRHA N0), BT A igERixTa
IR ZBRER NN BTV B P ABFZE T
&b CIEAWEYFE CHH S Tndate
FUEMREME L TERALE, £/, 2T U E
AW ZIEEL O FIEIC L By n A X X5
RYEHOFER 1 L O BTV, EOFIENLZR
THDHMDITOWNTORH BT T2,

PR E Tk

i L 7= kit

T EHZ X, MR RFMEO D 2% v X
ADY BRI CHER LIZBER Y 1 A X XF
(Columbia ##E) MOAMEETIEH LIz A X
FAF AfER (BAERY oA XF A FE2areF o
BLBRIT K0 55U LT %fE) 2 HERER L 7o Fi+ % H]
W7o,

B DA - Wk - LB

B SRR L7 BIC ) BN BT 5 2 L &< T
O, AT AT CIREK REEERS Y
v 5 1% (wh) BLE, Triton X-100 0.1% (viv) %5
Te) 1210 yMEE L, R 2WE Lo, IRE LB
OFEF 1 3WREIRALEE K (RO ZK) 5[\ (18] 5 4y)

Bere L. RO KICIEE L7 RIET 4°C T 3 HEE L
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TIREFF D b D EAFH LIz,

aneF VI NOIER
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LT UE%SE 3 AV —V N T— T TRWNTE S
72). LED A > ¥ 2~_—% (LH-241PFD-SS, HA[ZE
(LSRR ERT) N CIRE —7E (22 & 0.5°C) . #if5eot (90
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1. e F T O EHCAB O a. £
W7 L— b ECHERLEEEEZEIORB DY R A XF KT,
b. AN F T NEOEDRIOMEMIE. c. 2Ty
JLEZTEIZ DR 7247, Scale bars =5 cm (a), 3 mm (b, ¢).
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AT 1-4 HREE Lz,

WLERAE TIRRZIE, ZTHAE ST R2WE I ITHEL
BRBE ey hTalteF oA rEREL, RO
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TENRESNTWS Y, 2z &b, FEIKRBEMK
85 (SMZ745T, Nikon) # T =L b F L 4LH
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ZOWTHEHEMEA MR L. (1K 3),

b R

2 kD an e F Bz OV T

R A KB T o T- 3L b F U B OFER . 0.5%
2L F T 2 AT B SR B0 TR b A%
E < ARRBEHTE 2 Z 3o 7= (LE A
BOK 7.5%), £72. 0.5% 2/ b F T3 HFELE
e TiE, 1EEO A LB EEE DK

50

24tk

5 5tk

40|

30 -

3 fatk

(5T, (3T,
-l Mtk || 8 fisth |
200 200
150 v 150
100 100
50 50

] 0
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 80C 900 1000

HYGRE (EE)

3. 7u—HA kXU —fiTORER. BN Eicky,
BROEREIZE— 7 NA BN, L e F L%
RIZHOWT, HAS 7 50 DNA & (KH) % 2 {3k & ke
WL, Rt ¥IEEITo -,



84 Science Journal of Kanagawa University Vol. 32, 2021

£ 1. AT b PR R BT K B IR e

RigliEed

=9 V235 e ¥ NN SN (< (A AN (2 AA 4N

e e METOWEORDOBOWoW W W

0.5%, 2days 40 8(20.0) 3 (37 5/1.5) 3(37.5/17.5) -

0.5%, 3days 80 14 (17.5) 10(71.4/12.5) 5(35.7/6.3) 1(7.1/1.3) 3(21.4/3.8) 1(7.5/1.3)
. 0.5%, 4days 40 9 (22.5) - - - - -

1.0%, 2days 80 8(10.0) - - -

1.0%, 3days 80 8(10.0) 8(100.0/10.0) 3 (37.5/3.8) 5(62.5/6.3)

1.0%, 4days 40 4(10.0) - - - -

0.5%, 1day 40 5(12.5) N/A 4(80.0/10.0) 1(20.0/2.5)

0.5%, 2days 40 9 (22.5) N/A 5(55.6/12.5) 1(11.1/2.5) 1(11.1/2.5) 2(22.2/5.0)
Ak 1.0%, 1day 40 5(12.5) N/A 4(80.0/10.0) 1(20.0/2.5)

1.0%, 2days 80 1(1.3) N/A 1(100.0/1.3) -

1.0%, 3days 80 3(3.8) N/A 3(100.0/3.8)

1.0%, 4days 40 4(10.0) N/A 1 (100.0/ 10.0,
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Organometallic Chemistry Based on Reaction Types
and Anecdote of Discoveries (8)
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Abstract: Organic compounds containing carbon-metal bonds are called organometallic
compounds. Such compounds have been known and studied since the 19th century and have
been widely used to modify synthetic transformation in modern organic chemistry. It is con-
sidered that many educational benefits could result in the use of reaction types and discov-
ery for undergraduates and graduate classes in organic and organometallic chemistry. Since
ancient times, the history of mercury has been closely connected with that of alchemy. Greek
philosophers were the initiators of the idea of the four elements : earth, air, water, and fire,
which encouraged the hope of transmuting metal to gold. Greek alchemy was started in Al-
exandria, Egypt in the 4th century BC. When Arabian countries, China and Japan learned
of Greek alchemy by Nestrians, they introduced cinnabar (HgS) and sublimate (HgClz) other
than mercury metal. A major break through in science was the discovery of oxygen by Priestly
in the late 18th century. Priestly heated the oxide of mercury (HgO) and examined the gas
and thereafter, Lavoisier recognized the combustion involved in oxygen oxidation contraly to
phlogiston theory. In middle of the 19th century, Flankland identified dialkylzinc as the first
organometallic compound and a variety of alkyl metals involving organomercury as a highly
toxic compound, which established the valence theory of chemical compounds. In the late 19th
century, the Russian chemist, Kurcherov discovered mercury-catalyzed hydration of acetylene
to acetoaldehyde. The reaction was applied to industrial chemistry based on coal in the early
20th century. However between World Wars I and II, the main energy resource changed from
coal to petroleum oil, with modern industrial processes using organometallic catalysts such as
Wacker, Oxo and Ziegler-Natta methods. Finally, reaction types of organomercurials are sum-
marized.

Keywords: mercury, alchemy, Kurcherov, acetylene, organomercurials
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REOHKERILFDOL 127> TW% 1930-1960
FERIZHITTRAYTRRESNTZ3 DD T¥ T vt
Z120% (D) A% V ik, (2) Ziegler-Natta filfii &4, (3)
Wacker i35 % 79, Loy LAKES BILF ORI %
e &n b, 18 HAICHBL TR ML T 2T
B Db oTETWD, —J5 1819 thidylsnE T
@ Bunsen X° Frankland 72 & OF &4 @ b5 D E SR
&7 AU k%42 @ Organometallics 38 %4 A1 L.

EAFEHR%E R % L 7= Seyferth 73 cover essay & L T
Organometallics 35 L 12 EH; L T\ %, Z D essay
ZHBIZFIH LoD, H2RKE% 3 >0 nk A
NELGT 5 ETORERIZONWTESITEbILTLES
= KR (Hg) ofbF) Z2HOICifbid 2.

Hg Ofb% (1)
Hg i38&iDiE L 5> Thils Tldivy, o7k
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(1) 2RI + Hg/Na —— RyHg + Nal

2 RHg+ M ——» R,Mor RM + Hg (M=Zn, Mg, Na, Li)

HgX, HgX 0
HgX, \ H,0 | H I
(3) RC==CH——> RCH;——CH, —— » R?:CH — » R—C—CH;

OH

R=H, CH,
Hg(Ac), 1908 NagH,

(4) R—CH=—CH, ——> R—CH—CH, —> Rf(‘:HfCH3
ROH (\)R NaOH Or

(5) R—CH=CH, +PhHgCX; ——> R—cr{—/CH2 + PhHgX
Xz

PhHgX + CHX3 + tBUOK — PhHgCX3 + tBuOH + KX

6) ArH + HgX, ——> ArHgX + HX
(7)  ANR'CI + HgX, —> ArHgX + N,

LiPdCl,
(8 R—CH=CH, +RHgXx —> R—CH—CH—R'

RoBH RO M Hg(OAc), RQ M

(99 R-C=CH——» Cc=C — C=C

N
H \BR'Z aq NaCl H/ HgCl

LiPdCl,
———> R—CH=CH—CH=CH—R

Pd(0)
(10)  ArpHg + 2Arl ——— 2Ar-Ar' + Hgly

1. KD . (1) Flankland D&%, (2) b & X
AL, ) TReF Lokt (R = H Kucherov
Bt ). (@) A% VKL RIS, (GB) B ARG
(Seyferth). (6) 5 & D A % ML G, (T) Nesmeyanov
Sis (8) Hg-Pd k7 v A A Z AL, (9) B-Hg b7 > A
AHAL. (10) 7 a2l TV,
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WZHED, KR TREET 5 & U EAO KT
KVMPALS EDTD, EIERE, REARFEOBE
LHpshlzs Ly (1), k7R e 7o
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and Anecdote of Discoveries (9)

Yoshio Kabe 2

! Department of Chemistry, Faculty of Science, Kanagawa University, Hiratsuka City, Kanagawa 259-
1293, Japan,

2 To whom correspondence should be addressed. E-mail: kabe@kanagawa-u.ac.jp
Abstract: Organic compounds containing carbon-metal bonds are called organometallic com-
pounds. Such compounds have been known and studied since the 19th century and have been
widely used to modify synthetic transformation in modern organic chemistry. It is considered
that many educational benefits could result in the use of reaction types and discovery episode
for undergraduates and graduate classes in organic and organometallic chemistry. In 1968,
Heck began to investigate reactions of phenyl mercury acetate with Liz[PdCl] solution under
an ethylene atomosphere to produce styrene. Due to the high toxicity of mercury, he changed
to the direct coupling of aryl iodide with ethylene in the presence of a palladium catalyst, the
so-called Heck reaction. In the 1940's, Kharasch investigated the Grignard reaction in the
presence of catalytic amounts of salts of transition metals to produce homo and cross-coupling
products with organic halides, considered to be produced by a radical mechanism. In 1970-72,
several revolutionary findings by Yamamoto, Kochi, Corriu, Kumada, and Tamao modified this
Griganrd reaction with Ag, Cu, Fe, and Ni catalysts, which is now available as a modern Pd
catalyzed cross-coupling reaction that is synthetically powerful, devised by Negishi, Sonogashi-
ra, Migita, Kosugi, Suzuki, Miyaura, and Hiyama. The mechanism of reaction was disclosed as
oxidative addition and reductive elimination of low valent Pd(0) in the catalytic cycle.
Keywords: Heck reaction, Kharasch, cross coupling, nickel, palladium catalyst
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