INF )X T A INF ) FORMEFEE

S eng

HhRE

~EH:2019-10-04

*F—7— K (Ja):

*—7— K (En):

YER

A—=ILT7 KL R:

=R
https://doi.org/10.24517/00055665

This work is licensed under a Creative Commons
Attribution-NonCommercial-ShareAlike 3.0
International License.

@IES


http://creativecommons.org/licenses/by-nc-nd/3.0/

J. Phytogeogr. & Taxon.
41 : 63-69, 1993

Tatemi SHIMIZU* and Tomomi UCHIDA** :
Hybridization between North American Acer rubrum L. and
Japanese A. pycnanthum K. KOCH (Aceraceae)
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Abstract

In order to confirm the interfertility between Acer pycnantliznn and A. rubrem, one of the typical
East Asian-east North American disjunct species pairs, they were hybridized in April 1952 and 1993
in Kanazawa and Matsumoto, Japan. Well matured samaras were produced from interspecific
crossings as well as intraspecific ones. Those synthesized in 1992 germinated at high rates up to April
1993 in Kanazawa, and interspecific heterosis was observed in seedlings. The RAPD assay confirmed

the interfertility between those two maple species.
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The section Rubra of the genus Acer (Acer-
aceae) includes two extant species, viz. A,
pycranthimn K. KOCH (Japanese red maple) and
A. rubriom L. (red maple) (PAX, 1902 ; KOIDZUMI,
1911 ; MOMOTANI, 1962), while OGATA (1367) put
also A. sacchavinum L. in the same section. The
Japanese red maple, though widely cultivated in
central Japan, is native only to a small area at the
border of the prefectures of Gifu, Aichi and
Nagano and discontinuously in the suburbs of
Omachi, Nagano Prefecture, about 100 km north
of the former. Unlike the Japanese species, the red
maple is abundant and often weedy over much of
its range occupying nearly all of the United States
east of the Mississippi River and the Ozark Dis-
trict ranging over the states of Missouri and
Arkansas. These two species are one of the typi-
cal pairs of East Asia and eastern North Ameri-
can disjuncts. Although a lot of artificial crosses
in various tree genera have been reported as
shown in Acer rubrum X A. saccharinum (SMITH
and NICHOLS, 1941; JOHNSON, 1939; ROH.-
MEDER, 1961}, no experimental evidence on inter-
fertility between these counterparts is available

except for the genus Liriodendron (Magnolia-
ceae) (SANTAMOUR, 1972 ; PARKS ef af., 1983).
Even in the famous example of Platanus X aceri-
folia (AIT.) WILLD., no one seems to have
produced this hybrid experimentally (ERNST,
1963). In the present paper, we add one more
example to demonstrate interfertility between
such disjunctive counterparts despite long isola-
tion,

Materials and Methods
PLANT MATERIALS : In 1982 several young plants
of Acer rubrum about 30 cm tall were brought
from the Ozark District in Arkansas to Mat-
sumoto, Japan. Three of them produced flowers in
1986, and they were all pistillate. Several male
scions of A. subrum were sent to Matsumoto
from North Carolina by courtesy of Dr. C.R.
PARKS of the University of North Carolina, and
grafted on a female tree grown in Matsumoto in
1987. One of the scions flowered in 1992 and 1993,
Two of those female trees were transplanted to
the Botanical Garden of Kanazawa University,
Kanazawa in 1989. These female trees and a male
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TABLE 1. Materials used for crossing experiments
Species Code| State Origin Sex Location Voucher

Acer rubrum A tree QOzark female Kanazawa 161183*
B tree Ozark female Kanazawa 161184
C tree Ozark female Matsumoto 161185
D scion N.C. male Matsumato 161186

Acer pycnanthum E tree unknown female Kanazawa 161187
F tree Kiso male Kanazawa 161188
G tree unknown male Matsumoto 161189

*Specimen number in the KANA herbarium.

FIG.1. Leaf shape of Acer pycnonthum (A) and A. rubrum (B) used in crossing experiments. X 34

scion were used for crossing experiments as
American parents (Table 1).

In addition to a male tree of unknown origin
planted in 1982, several voung trees of A.
Pyenanthum were transplanted to Matsumoto
from their native habitat in Kiso District, 50 km
southeast, in 1984. They have produced staminate
flowers since 1987, Two of the latter were again
moved to the Botanic Garden of Kanazawa Uni-
versity in 1989, Two male trees, one in Kanazawa
and the other in Matsumoto, and an old female
tree in the Botanic Garden, were used for experi-
ments as Japanese parents {Table 1). Tree A, B
and F in Kanazawa and tree C and G in Mat-
sumoto are cultivated side by side, while tree E is
about 200 m far from the other three trees in
Kanazawa. Both in Matsumoto and Kanazawa,

any other trees of A. pycnanthum or A, ribrum
are not cultivated within distance of 5 km from
the experimental sites. .

Owing to its wide range of distribdtion, the

American red maple is much more vegetatively
polymorphic. The leaves of the Ozark trees used
in this experiment are apparently much larger,
more hairy on its undersurface and more deeply
lobed than those of the Japanese counterpart (Fig.
1). The number of flowers in a cluster is more
numerous and the pedicels are longer in the for-
mer.
CROSSING EXPERIMENTS : Interspecific crossing
between Acer rubrimm and A. pycnanthum as well
as their intraspecific crosses were made in 1992
and 1993. The parental combination in the hybridi-
zation studies is shown in Table 2.
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TABLE 2. Parental combinations in crossing experiments

Crossing Tree Code Year
Acer rubrum (£) X A. pyenanthun (3) AXF 1992
BXF 1992

CxG 1992, 1993
A. pyenanthum (%) X A. rubrum () ExD 1993
A, pyenantivem X A. pyenanthim EXF 1992
A. rubrum X A. rubriom CxD 1993

In early April of each year, hand pollinations
were made by applying pollen to the stigmas of
open female flowers. Before pollination, male
buds on the scion (Code D) were covered with
paper bags to prevent pollen contamination. After
pollen application, the clusters of the female
flowers were also covered with paper bags for
about two weeks, and then with plastic nets until
fruits were mature. The same procedure was also
performed on several clusters of the non-
pollinated pistillate flowers as control. The fruits
were harvested at the end of May in each year.
The fruiting rate was estimated on the basis of
the number of samaras argd pedicels collected
from the nets.

Some samaras from the 1992 pollinations were
sown in flats in the greenhouse of the Botanic
Garden, Kanazawa University, immediately after
being harvested. The rest were sown in early
October after preservation at 5°C for about four
months. In both cases, germination rate as well as
size of the cotyledons on seedlings were exami-
ned.

RAPD ASSAY : The RAPD (Random Amplified
Polymorphic DNA) assay commenced by WIL-
LIAMS ef al. (1990) was performed to confirm
hybridization between Acer rubrum and A.

F1G. 2. Samaras obtained from crossing expe-
riments. A., Intraspecific hybrids of Acer
rebrume, B, Interspecific hybrids between A.
rubrum and A. pyenanthum (), C. Inmatur-
ed samaras of A. rubrum from non-pollinat-
ed flowers. Scale: Imm.

pyenanthum. Two sets of plants, tree C, G and
two seedlings of their hybrids, and tree B, I and
a seedling of their hybrids, were used for this
purpose. The total DNA was extracted from
voung leaves of the parental trees as well as
seedlings of the hybrids by the CTAB method.
The CTAB extraction buffer contains 2%{(w/v)
CTAB (Cetyltrimetylammonium Bromide), 0.1M

TABLE 3. Percent fruit set in each crossing experiment

RS Tree Flower Samara Bratting Fafe

Code Count Count

Interspecific AXF 1250 1 0.04%
BXF 339 27 7.9
CxG 133 180 *67.7
ExD 70 8 5.7

Intraspecific: A. pycnanthiom ExXF 395 148 18.7

Intraspecific: A. rubrum CxD 35 55 *78.6

*experiment in Matsumoto in 1993
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TABLE 4. Germination rate of the seeds harvested
{1) (2}
Crossing Tree Seed Seed
Cade ee ee

Count Rate Count Rate
Interspecific BXF 12 41.7% 10 50.0%

CXG 94 53.2 35 91.4

Intraspecific: A. pycuanthum EXF 93 31,2 50 50.0

(1) Kept in cold room at 5°C; examined on Oct. 29, 1992

(2) Kept in greenhouse ; examined on May 28, 1993

Tris-HCI (pH 8.0),1.4M NaCl and 20 mM EDTA.
The amplification of random DNA segments was
tried with 27 single primers of 10 nucloetides. The
amplification reaction was performed in a final
volume of 10kl containing 1xl of 10 X PCR Buffer
(100mM Tris-HCI {pH 8.3), 500 mM KCl, 20 mM
MgCl, and 0.01% gelatin}, 1xl of ImM each de-
oxynucleotides, 1 gl of 2uM primer, 0.5 ng of
genomic DNA and 0.2 unit of Tag DNA polymer-
ase (Perkin Elmer Cetus). Amplification was per-
formed in an incubator (Astec) programmed for
45 cycles of 1 min at 84 °C, 2 min at 40°C and 2.5
min at 72 °C. Amplified products were analyzed

by electrophoresis in 3 % Sep Rate-SDF (Amer-
sham)} agarose gels and detected by staining with
ethidium bromide. Comparison of the electropho-
retic patterns of amplified DNA segments was
made for confirmation of hybridization.

Results and Discussion
CROSSING EXPERIMENTS : Well matured
samaras were ohtained from intraspecific as well
ds interspecific crossing experiments between
Acer vubrum and A. pycnanthum. No mature
fruits were obtained from non-pollinated flowers.
The mature samaras with well developed em-

FIG. 3. Seedlings obtained from crossing experiments. A, B. Interspecific hybrid between A. rubriemn and
A. pyenanthum (&), synthesized in Matsumoto (A} and Kanazawa (B). C. Intraspecific hybrid of A.
riebriom.  All germinated in Kanazawa, Seedling: X1, cotyledon: X2.
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TABLES. Length of cotyledons on the seedlings

Tree Seedlings Length of Cotyledon
Crossing Cod E ined
ode Xamine Mean S5.D.
Interspecific BXF 3 16.3mm 1.7
CxG 21 16.4 1.9
Intraspecific: A. pyenanthum EXF 11 12.3 0.9

S. D.: standard deviation

bryos are 20.0 to 25.0mm long. The inmature
samaras from non-pollinated flowers hardly
extend to 16mm long and lacking embryos (Fig.
2), In addition, the fruiting rate was much higher
in Matsumoto than in Kanazawa (Table 3).

GERMINATION AND SEEDLINGS : The seeds
preserved at 5°C germinated immediately after
sown in October 1992, while the rest in flats in the
greenhouse did not germinate until April 1993,
The germination rate is higher in the case of the
latter than the former (Table 4). It should be again
noticed that the seeds produced in Matsumoto had
a highar germination percentage. Rather dry and
cool climatic conditions in Matsumoto seem to be
more advantageous for growth and fruiting of the
red maples.

All the seedlings are compietely glabrous unlike
the parental plants. Those of interspecific hybrids
between A. pycnanthum and A. rubrium showed
vegetative heterosis. The size of cotyledons on
seedlings is apparently different between plants

TABLE 6. Amplified DNA segments (in kb} from Acer

primers No. 1 and No. 2

irom interspecific and intraspecific hybrids (Fig.
3; Table 5). The result of stochastic test by t-
distribution on mean length of cotyledons also
confirms significant difference between them at
the confidence limit of 95%. The voucher speci-
men of seedlings is in KANA (161190).

RAPD ASSAY : Twelve among 27 kinds of
oligonucleotides produced DNA segments. Only
two of them were found to produce DNA seg-
ments characteristic of either of the parental
plants. Their nucleotide sequences to be named
No. 1 and No. 2 primers are 5'-TGGTCGCTGA
-3 and 5'-TGGTCACCGA-3, respectively.

As mentioned above, the experiments were
carried out on two sets of plants. In the first set,
both the primers were useful (Table 6) and only
one primer was effectively tested in the second set
(Table 7). As shown in Tables 6 and 7, 0.63 kb
DNA segment was amplified by primer No.l in all
the samples. Interestingly, A. pycnanthum (tree
F and G) has all the DNA segments produced by

riehriem. A, pyenantfhum, and their hybrids, using

primes A. rubrivm (Tree C) Hybrid 1 Hybrid 2 A. pyenanthum (G)
— 0.28 — 0.28
(.54 — — —
0.63 0.63 0.63 0.63
0.69 0.69 0.69 —
No. 1 0.81 0,81 0.81 -
0.89 — — —
— 1.01 1.01 1.01
— — 1.16 1.16
— — - 1.24
— 1.37 - 1.37
0.48 0.48 — —
0.57 — — —
- 0.60 0.60 0.60
0.94 — 0.94 —
No.2 1.04 1.04 — -
1.06 1.06 1.06 1.06
— 1.44 1.44 1.44
— — 1.64 —
— — 1.72 1.72
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TABLE?Y. Amplified DNA segments {in kb) from Acer rubrum, A. pycnanthum
and their hybrid, using primer No. 1

A. rubrum (Tree B) Hybrid A. pyenanthum (Tree F)
0.28 0.28 —
0.63 0.63 0.63
— 1.01 1.01
— 1.16 1.16
_ — 1.24
— 1.37 1.37

primer No.l except for the 0.28 kb segment in
common, while A. rubrum (tree B and C) does not
have comimon DNA segments except for the 0.63
kb segment.

The hybrid, No. 1, has both DNA segments
characteristic of either of the parental plants such
as (.28, 0.69, 0.81, 1.01 and 1.37 kb produced by
primer No.1 (Table 6). Likewise, such DNA seg-
ments as 0.69, 0.81, 1.01 and 1.16 kb, were detected
in hybrid No. 2. This fact is molecular evidence
for crossability between Acer rubrum and A.
Pyenanthum. The other data presented in Table 6
and Table 7 also suggest the utility of the RAPD
assay for confirming hybridization, though the
source of 1.64 kb DNA segment produced by the
primer No. 2 and detected in hybrid No. 2 is
questionable (Table 6).
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1To JEFR S
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Kl =HEENOER - ERREEA L bOT, EBEN 101 %, SHERREREOH 7 5w, REAW
IEEAH, BEHMEREL TV,

MEERE 0 4E, RATEWEEro s L, HT7E SL£508, RO AFy, BREND
A+, BTOFM, BEOKAE, BRESFOVYIFdy, BRNO—BEOLY 7+ £, B254,
O, BTA#E, RH2#k BHATHTH 3, E-HE»SRD L, BT 2L LEOMBEAY Y& 8H, &
HoFrS e VA FB6EE, 209V  AFVARAY, A 7F-avaoFy-AFay -F7 /&1
SEEIHTH B, (BREE)

ORBEE* 1 1) ¥4 AFRICET Sumihiko HATUSIMA* : Asarum heferofropoides var. mand-
shuricum Newly Found in Japan .
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