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Chromosome number of Elatostema lineolatum var. majus
(Urticaceae) from Taiwan

Tadashi Kanemoto

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
kane@bgtym.org

Abstract: The chromosome number of Elatostema lineolatum var. majus was determined
to be 2n = 26 for the first time. As the basic chromosome number for the genus Elatostema
was reported to be x = 13, this taxon is considered to be diploid.

Key Words: chromosome number, Elatostema lineolatum var. majus, Taiwan, Urticaceae

According to Lin & Wilmot-Dear (2003), the genus Elatostema J.R. Forst. & G. Forst.
is the second largest genus of the family Urticaceae. It is found in tropical and subtropical
regions of Africa, Asia, and Oceania. Weddell (1856) described E. lineolatum Wight var.
majus Wedd. as a variety of E. lineolatum Wight. This variety is characterized by its linear-
lanceolate leaves, and densely hirsute stems and leaves, whereas var. lineolatum has leaves
with conspicuously but shallowly crenate or serrate margins. Elatostema lineolatum var.
majus is a monoecious or dioecious subshrub, found at low to medium altitudes, distributed
in Nepal, Bhutan, India, China, and Taiwan (Yang et al. 1995). In Japan, Yamazaki (1995)
reported that Elatostema lineolatum var. majus was collected from Isl. Okinawa in 1887
and Isl. Amami-oshima in 1912 and 1928. In Japan, Elatostema lineolatum var. majus was
labelled extinct in the Red Data Book 2014 (Ministry of the Environment 2015), because
the taxon has not been observed since 1928. The Chromosome number of E. lineolatum
plants from India has been reported to be n = 10 by Guha (1977), n = 26 by Chatterjee et
al. (1989) and 2n = 24 by Subramanian & Thilagavathy (1988). However, the chromosome
number of E. lineolatum var. majus has not yet been reported. The present study reports on
the chromosome number of E. lineolatum var. majus collected in Taiwan.

Materials and methods
Two individual plants of E. lineolatum var. majus collected from Xueshan Road, Heping
District, Taichung City and another two from Nanfeng Village, Ren’ai Town, Nantou
County (Fig. 1) in Taiwan, were used in the present study. Plants were cultivated in pots
in a greenhouse in the Botanic Gardens of Toyama. Somatic chromosomes were observed
in meristematic cells of root tips. Fresh root tips, 5 mm in length, were pretreated in a
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Fig. 1. Elatostema lineolatum var. majus in its habitat. (Nanfeng Village, Ren’ai Town, Nantou
County in Taiwan, alt. 223 m, March 26, 2003). Scale bar indicates 5 cm.

0.002 M 8-hydroxyquinoline solution for 8 h at 20°C and were subsequently fixed in a 3:1
mixture of 99.5% ethanol and glacial acetic acid for 20 h. The root tips were macerated
in 1 mol/L hydrochloric acid at 60°C for 10 sec, and the meristematic cells were stained
with 1% aceto-orcein. The chromosome preparation was prepared by a squashing method.
Voucher specimens were deposited in the herbarium of the Botanic Gardens of Toyama
(TYM).

Results and discussion
In all four individuals, the chromosome number was 2n = 26 (Fig. 2). The chromosome
number of the majus variety was determined for the first time, and were not in agreement
with those of var. lineolatum as reported previously.
The 2n = 26 chromosomes showed gradual variation in size ranging from 2 to 5 um.
Most of them were unclear in centromeric position.
Chromosome number for Elatostema species have been reported as follows: 2n = 16 for E.
suzukii Yamaz. investigated by Yamashiro et al. (2000) and 2n = 26 for E. oshimense (Hats.)
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Yamaz., E. platyphyllum Wedd. and E. yonakuniense Hats. from Ryukyu Isls. investigated
by Kanemoto & Yokota (1997). E. obtusum Wedd. var. trilobulatum (Hayata) W.T. Wang
from Taiwan investigated by Kanemoto (2002) and E. salvinioides W.T. Wang from China
by Kanemoto (2015) also displayed 2n = 26. They estimated the basic chromosome number
of the genus of Elatostema to be x = 13 and the aforementioned taxa were considered to be
diploid. Elatostema lineolatum var. majus is an additional example of a diploid species.
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Fig. 2. Somatic chromosomes of Elatostema lineolatum var.
majus (2n = 26). Scale bar indicates 5 um.
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Seed germination and sexual differences in flowering of seedlings
in Aucuba japonica

Toshiaki Shiuchi * & Kazuomi Takahashi

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
*t-shiuchi@bgtym.org (corresponding author)

Abstract: Seed germination characteristics and flowering properties of male and female
seedlings of Aucuba japonica, an evergreen dioecious Japanese shrub, were examined in
an experimental greenhouse in the Botanic Gardens of Toyama, Japan. The rate of ger-
mination (35.5%) of seeds in which the pericarp was removed did not differ significantly
from that of seeds with an intact pericarp (32.2%). Germination rates of intact seeds of
A. japonica from Tokushima, Toyama, and Kdochi prefectures were examined monthly
from April 2000 to October 2001. Seeds from the three localities started germinating in
November 2000, after a half year-long dormancy period and germinated continuously until
July 2001. The final germination rates differed significantly between the prefectures as fol-
lows: Tokushima, 33.9%; Toyama, 78.6%; and Kochi, 45.7%. Chromosomal observations
using root tip cells excised from the seedlings revealed that populations of A. japonica
from the Tokushima and Toyama prefectures were tetraploid (2n = 32), while those of
Kochi were found to be diploid (2n = 16). Comparisons were drawn between the flower-
ing properties of seedlings based specifically on whether or not they were transplanted
into pots after germination. Under both conditions the first occurrence of flowering of the
seedlings which had been sown in April 2000 were observed in 2003. In both cases, the
number of male flowering seedlings exceeded that of females in the first flowering year. In
potted seedlings, the differences in flowering number between male and female seedlings
gradually decreased and no significant differences were observed in the years 2006 and
2007. On the other hand, in the non-transplanting condition characterized by high indi-
vidual density, the number of female seedlings that flowered was approximately half to
one-third of that of male seedlings, and this remained the same in every year from 2003 to
2007.

Key Words: Aucuba japonica, diploid, evergreen dioecious shrub, flowering property,
male and female, seed germination, pericarp, seedlings, tetraploid
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A & P EACE I oA L, EASNEN LA X 3
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japonica Thunb. var. japonica &, [A] U < PAf%
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BRERBIES I 0An L, BRI R & <Hhm 5 m i
BT D M5 K@ = 16) DI T A F A
japonica Thunb. var. ovoidea Koidz. ¢ 1 & 3
BREAX I & T & 7= (Kurosawa 1971, 1976,
1979, 1981, Noshiro 1999), —J7, ¥ (2017)
IO T A3 & 5 ko a7 7 4%
RN KB CE RN E LT, T4 % &%
EHHANCAE U DA O B A 7 4350 2 5
DIHrZ D TUND,

T A XD FEEFIZHOWTIE, TAFD
Fi7-7254) 40 A R ORZERSEAE T CHEFRET 12
Ko Z L (PR 1919) . HEABMIC L 2FE
T &0 BB SN O RN
MW & (FHR S 1993), b = U DOiH{kds
B % 1 Lf:'fz‘%@@%&)@%ﬁ’} ZRA%E

bR UMl DI IERITH BRI D
(Fukui 1995). b A 74 FTik., BROAHHE
MNHFET = ) a o= PRENEE LS

BN, FEOAFRIEE LN L (L
F - #RE 2009) 3RS SN TWD, £z, 7
A% X Z~ 3= Asphondylia aucubae Yukawa
& Ohsaki, 1988 |[ZH/EZII=T X AT
X DR LT REORITITFE 22 &
BT S (Yukawa & Ohsaki 1988) ,
AAREET A X BUIIMEERSEEY) TH Y | T
A D ZAHARN 1L XY LMY R iR
STV 5 (Tsusaka et al. 2007), F7-. 7
FF OB ITRED B < BIAE Uik, BRAE
N5 3TEMIE S CTlELMENF D S < BITET
BT ENFBLNTVWS (Abe 2001), Kume &
Ino(2000) 1%, HrilRo 3 MR OFA THEA
DIRND THIET D DIZE L= BT 4 4
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ThHolei, I5FEFE->TH—ELRET D
ZLDRWEKR DD Z L EHE L TN D,
Ll ZHETIET AFEOHET-FHFND
BIMEBIAA E CIEE S L2 Z Lidel | &
A DHERELZ X 5 BIAERFEDEN B SN S

TN, 22T, FERE T o7 4%
DOFEFIFHB LR FROMRIEBRRICBIT 5
eI D BHAERFIE 2 A L 7=,

wMEEAE
BFHF
%W@ﬁﬁﬁ?ﬁ%®@%%%’5iéw
BATRD -0, 199744 A5 HIC ht

$ﬁ“ﬂimmfﬂ%@@@¥ﬁ%@%%
£, TAHIFOREOHIZIT LIEORET-H
DD, RAZEATZE E D 2040
Offi1-&, REEFRE L7z 2216 [AORE 1%
HE L, BEFERBREITo70, MBI Z8REL
7o PEHIIT B AV OAE F 230 m D Hill T d
5 Z &5, Noshiro(1999) 22613 e A7 A
% var. borealis D/ AiIZi%4 95, LovL,
il 2 BREE L7 fEARIC iﬁ%@mn@umx
<, BIEESCE TR E L, 38NV
%@%?@ﬁ%ﬂ%@%wjkwot%7ﬁ
X ORERNRFER R O enoT-Z b, BX
OV HAUHANZ 34692 b Ok Bl =
WA T 5T A ERMUNT O XA T %
Ff>Z L7125 (Ohi et al. 2003) . A [E D4k
I$7 4% var. japonica & [FIE STz,
HIABRITIX, REL/IRL - FEE L/INR
N—=IF=2T74 h=1:1:02DEAT%H
W T, BERIEHE 505 mm X £ 350 mm X &

X100 mm OFEAE AW, B 1om &
Jiln U CHRFE L. & L R P Sk [l N o0 S

DB ==L ANTRIFME TR
40% DN A RE L CEH L, BRA
0., BMLOSREBEX LS 1 SOFEMICITH
V0K OFEZHFR L, a4 15 ek
L7z, 1997 44 A OFFFEHBRFED 6 A F
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X CHIFREEE LI, REAPAELHE &
WG L DR DR FERE 5 P EZ VT
e Uiz,

RFEOMIGEEL T/ OD—
2000 4% 4 H 2 BIZTEE R4 VERR e LHTC
112 f#, 2000 4= 4 H 9 BT & (L R o) 1 ER
S7 LT C 140 {E, 2000 454 A 3 B2
e [ AR ) [ THT C 140 [ OfE % 242 3
TEERLL EORRDBELE LT b D% EBRIZHW
7o FETIIEHER K 5°C OIS L,
2000 4F- 4 H 29 HIZRAZHT7-F £ Eito
RGN & RO A LB T OMINE e
SN ANTER L, 72720, 120
BEACIX 70 BOME 28 Uiz, R
REDOFIERRLZ RS CHRIFE LI L B
L. #&END 20004010 HETHA 1 H
ZHEE LT iR a Sz 72,

FEHH

AL DY R DS ENE 2 R 2 72
b, FPEMOIEIE LT FEEIC OV T 2 fEiR
PRI G A O THREOM LI Lik
TYEMBE A RS LT, FAMEITEDOE E
kfse L CBRIERRIEDBIEAEL & L2728, FiE
PUEARITFR L Ty, F72, EfRO~—F%
T X BBHFAE T TRV, YefalR

BN - @ T A RO RE 7

B LT B OMEEMEI IR T 5,

EEORTEE

T OMEREDO BRI, FEEFRRR A
&R U B L AR AR ST LT pE T8 L
A TCTHRELZ, 1L OOBHAIC 70 HEO
T2 #5FE L 72 8 45 C. FE1-#%%1% 560 1H
Thrd, BURDEBERECBIET D7D, 2
OOFEHFND 2002 45 12 5 Z DO EKIESE
~ LA 89 fil {4 % A 2 % 2 CHEARINC
HE LR L, AT 6 20BN
HEBEN»OZOFE EHVEE G AR, 101
cm®) THEE L2 BRIX &2y, =hEh
2007 =& £ THEA 5 A ZBITE L= ER o
BEMEZ TR~z SRAHIFRE T2 O
PEEEAN 1 : 1 22 TITHREIC LV E L
77

HBRELUEE
BYRFLRANOEE

— IR TR IR KT T
ZEMMBAILTUWT, S F <= K Sorbus
commixta Hedl. TITRACEA LA L2
WEPHEFRIFLZIMEI L, RENBICHER
Sh, FEICERT Z &Iz L v FIEEN
< 72D & STV A (Yagihashi et al.
1998), HE 5 (1993) 1%, 7 A FIZIXEIIHK
HEINLHFET L SBAAINIFEFRHY ., I

Table 1. Germination rates of Aucuba japonica seeds in which the pericarp was kept intact or
removed. Seeds were collected in Tateyama-machi, Nakaniikawa-gun, Toyama pref., on Apr. 5,

1997.
Number of seeds Total 11111111?e1' OZSEEdS Germination rates
examined germmale (%)
(Apr. 5,1997—0ct. 1, 1998)
Pericarp removed seeds 2216 776 355%
Intact seeds with pericarp 2040 658 32.2%

* Significant difference was not found (Chi-squared test. xa=3‘6,p =0.057).



Fig. 1. Somatic metaph
from three localities. A; Kamiyama-machi, Myozai-gun, Tokushima
pref., 2n = 32. B; Tateyama-machi, Nakaniikawa-gun, Toyama pref.,
2n = 32. C; Kubokawa-machi, Takaoka-gun, Kochi pref., 2n = 16.
Bar indicates 10 um.

RIS SN DREmNZ ERLTE
2, FOHEBE UTRRNORIFREDE L
T AR I X NZOFE~DFENEZ B
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. 2000 FEREFETIZ 9 BILL L L IERITE < .
BROAMENEET = ) aP—ThTE
WEATUESEZLDOD, FAEDAFRIC
Loz, Alal IR B =—/1 7 X
WCRAN &1 L PR T A 3SR L7
FE RN & ORE IR 32.2%, FA
PREREF OFE T 35.5% & 72 V) (Table 1),
WE A BZITGRO bivehoTo, ZhUuTil
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7= (Table 2. Fig. 1), Z ®#fE %1%, Ohi et al.
(2003) I & B, T A F OfEEARBME -
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Table. 2. Germination rate of Aucuba japonica seeds from three populations and the chromosome

number of the seedlings.

Total number of seeds

; Number of : Germination Chromosome
Lovality seeds sown germinated rates (%) number*
; (Apr. 29, 2000—Oct. 1, 2001) :

Kamiyama-machi, Myozai-gun,

i : . 33.9 =
T'okushima pref. alt. 90 m ki 33 2032
Tat -machi, iikawa-gun,

ateyama-machi Nakaniikawa-gun 140 110 786 =32
Toyama pref. alt. 230 m
Kubokawa-machi, Takaoka-gun, 140 67 479 =16

Kochi pref. alt. 350 m

*Two seedlings were counted.

W5, LovL., AlRlfEE R4 R LT TR
U OFEEIINEHETH - T,

HEFRD I E

T R4 VERRAR LT PERR - 112 8, & LR
W N ERSE (LT FEFR - 140 {8, & 26 U v i)
BRFEJI| BT PEFE - 140 (H DR IER T, =T
A1 33.9%. 78.6%. 47.9% & 72V (Table 2) .
T A X ORERITEE LT EN TR > T
77o £z, [ UM CEAE LE LR E) ]
ARST LT E O B PAfF TR - 2L 1997
£ L 20004ETENZH35.5%,78.6% & 72 ) |
BEFIZ L > THRE S BIEENE ST,

30

Yukawa & Ohsaki(1988) I LB &, 74
IHwART|IEFESND ERET LR LW
ORI TEHINTARS 720 | SERITHE
U722 W23 72\, P S (1993)
1L, A2 8 ARDT A% D 4fETE S 6916 1
D 36% W HZWEHR T, £ 98.8%I2D
WCIIRHE Loz Z L a2 L, 1hm -
AR (2009) IFFHA L= b A 7 A FEIERET
ITERFED D B 1998 4FA4E1FHI 6 FI, 2000 4=
BT 8 B A X WEREN 8, 2D h
R ERROFEFE AT LB HHEKT
H2ETHY, TAF I AT DHRZ
WIS AEpE A K& < STz e

25

-8~ Tokushima pref.
—o— Toyama pref.

20

15

10

Monthly germination rates (%)

—& Kachi pref.

Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct.

2000

2001

Fig. 2. Monthly germination rate of Aucuba japonica seeds which were collected from three

localities.
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Table 3. Differences in flowering of Aucuba japonica seedlings grown under different

conditions from the year 2000 to 2007.

Cultivated condition ; Number of seedlings flowered Number of
X Number of . . .
of seedlings after ; 4 and their sexuality seedlings
.o seedlings examined o )
germination (%) unflowered
45
Male (50.6)
Potted 89 0
Female .
(49.4)
147 *
Mal
i (66.8)
Non-potted 330 110 **
Female 1917
(33.2)

* Significant difference in sex ratio of males and females (p <0.01 by Binomial test).

** Including two individuals died.

L T35, AEEBRIZHWE: 3#RofE &
1997 AR IZHAE U 72 & (L B R L AR ST LR oD
FEFICIIN TN DR L REERNE
TV, W Z2SEp eI L TV b,
o T, PAEHICBRAEE THIREDPRE R
Rol-Dik, TAF I X~ " OFENRER
L7cA[REMEN B 5,

X¥FEor/Oo—

Ala] 3EEM HERE LT A F O 113,
RN DRI 6 7 Ao 72 11 H 2 bF-HE
bicHith, FHED 7 A FTITIT R, GF
oI el ey A Y (1Y N A /A A gV o
B VG Hb X AR TR AT S B e B il
2:(1980) 12 L 5, KGRI L, BHE
D5~6 i > & Lzl &R
FER LI ode, AT EDORIFERELD &
& LR AT AR ILBTPEOFE 7D 12 H D%
FEHRIL264%. 1 HIZIZ TN ->T64%E 7
0. 2 AICITHE 164% L m< 720, 3 AN
55 H1%13.6%., 12.9%. 2.9% & REIZT
Do TWWo Tz (Fig. 2), 5 A VERRAh LIRT
OFEFFRHFZRIFT 12 AI121L89% T, 1 A»
52 H1%6.3%.2.7%& T30 .3 HI21X9.8%

E2[BEBDORZHORFET HE—7 2ED ., 4 A
1£5.4% & 72 o 7=, 50 R i T BR 7R ) 1| T pE
O HIFEFENEL R HREHN 2 H D |
12 HORFEFRIT 179% Em<, LA, 2 AT
2.9%. 3.6%. 3 HICHE157%¢ LHL, 4
AL 2.9%, 0.7%., 2.9%. 1.4% & 7 H
FCIRWRERThH T, SEBIE LT
XORET = ) D—inh T AFORE L,
IEBINIEZTEL L, BERMEOEARDOH 5
DIRWAHIMIC FEL R Lir o 2 8, 7
FTXOTEORIEOMME LT, 12 A%
BEIEL, LAIFME T LA, 2B LL
L3 AICHOERET S LV L HITHEAE
JRIER N2 S 72 DR 2[Rl D 2 & D3
RN, Ziu, RAfEREE RRERE
FEFDOWTIZBN T 12 AIZEAED 14
BEHNEL 20, 1B L, 4 A
IEHERE < 725 L9 2000 AEREREOREHE (1L
M #KM 2009) & [AEECTH 7=, Ll bde.
ARH (2009) D 1999 FFHEFEDOFER TIL, 12 H
WD REDOTENRET L HLOD, ZD
BROFEEOTEREINZ b2 &
ME, SRT X OFE RN D TIEOREE
(2B DI O HE DN LEETH D,
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Fig. 3. Number of seedlings of Aucuba japonica that flowered when cultivated under pot conditions.
Seeds were sown in 2000.
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Fig. 4. Number of seedlings of Aucuba japonica that flowered when cultivated under non-potted
condition. Seeds were sown in 2000.
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B IR AL LT PEOFE -0 B F -7
T A DOFEADOBRIEF G & & OVERBLA B
L7, AN g s L 723U IX 0 89
fE AT CAESE T D E AL 72 <. 2006 4R
FTIZTRTOMEEI 1L EBIE L, &
FERNZ BRAEEI I - = 45 @ 44 THEFRIT L -
1 L 7po7=(Table 3), #EHEEZZOEEFHM
THEF L7 BRI T, FAAIR A o BRAEAE
BT, AR AT e 147 R4S, M 73 (A &
0 HEOFHMNHED 2.0 5% < BIAE L. 2007
AR 110 fERIERBAIE T, 20 9 B 2 AR
MEEFE L T=,

T A ¥ TRHRIZ OV T XY Bl oYL,
KPHERENTWD Z &2 (Tsusaka et al.
2007), Phim b, HMEMEOMEIZ1:1TH D
EEZ2LND, —HT, 7AFUFZEICON
T BRI I AR OFEL & 72 5 % DI
BE IR o7 L85 E U Tuv 5 (Sinoto
1929), Ohi et al. (2003) (2 & % & Sl &
I LNZ PSR D T A% D434k T 5 A3,
Abe (2002) [ZH0 111 & AN IR E L 7= /i 7
D= KT7— MNTELI=ZNnENDT 4%
OMEFEDOMEEIT 1 1 1 THEEITRD b
Mol LT\W5, REBRTHETZHBE LT
B LIRS HRBSZ LU D[R] U 4E ] C 1998 4F
I230mX20mDa KT —F& 20 E L
TEHE LT A Ot AR~ 2 A, I
190 flEA, M 197 fER & 700 | MEREOMEIT
1:1 Tho/o(ZHBRE, p>0.05), Znb
DD, TARNUFEEAD BREMICT
L 11 ThrEExLND, LA
T A X WUHADE HHH TR Lo BRIX o
BRAEFEAIINELL 1 1 DA BENRD B
(CIHMUE, p<0.01), FA4 L7= 330 fEKI &S
¥ 2 BRI 44.5% TH 5 DI LT,
WAL 22.1% R 12 ThoTz, ZDZ &
VIHEEIR D 3 LA EDSKRBIE TH D Z & &R
LT\ D, 74X ARILERRRY) SCAR
~— 1 — % W CHERE AR FTRE 2 2 & 5
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(Maki 2008) . A 1&BREICE & 722\ T A 1Y
TR D SN OUNTHEREM: 2 fife ) D D TN
HD,

BRI SARREE U7 BRI i, HEMEE &
(IR 34EH 0 2003 4R BEREN A E D |
Z OFITIIHE 14 (8, M 8 A & HEfE R oD
FDWIBRIEAEARE A 2 < (A4 B B RELT (EIA,
i 15 {E R & HEER D %0 o> 72 (Fig. 3), L
L. #&R 54 H D D I3 MEE CHIBAAEE (K
BRENE TR L, I 12 (B, i 14
B E 7220 64 B ICIdHE 2 fEfA, i 6 fEiR
BATE U CHEME & $ 12~ COEEABRIE L
77 B THRE L-RBRX Tld, #fH% 3
- H D 2003 4D ) BEACE A0 T ME 32 {EHAR,
ME 11 B CHESMEL V 2954 <, 44 H
VI 72 {EAR 33 A, 5 A B I 12 fE A,
i 16 {ER, 6 4F H 130 30 fEfk, i 13 EA,
7 S H e BRI T, FIBRTE L 7= MEfE &
1E72h o7 (Fig. 4). WIBAEST 27 A FFE4
OEFEIL 34ER & 44 TIREOME KRS
N2 ETH-T=H DD, 54 B ICITME(E
BN 720 . 51T 6 FERITITEDHIBIIE
BN 72578 MEREOYIBAEEAEI4E
WXV EE LTz, FAEMOBERIIREEFNS
BUED 2004 FICHEREE IT/REZ L7200, £
DFRIFREWD LTz, Fio, #BENPL—H
L CHEDBRIEED 2 < EDBRIEEUTMED 2.2
~ 3.0 THERS LT,

LA DI H A% D EAE OB S |
HEEA I 0 EEAR D J5 2558 244 DOFIBRAEAEAS
FENDZ R0, ARREVPHMLVWESZZ O
B VEREE TR U 7o BRI C I fIE (A ik
TR FEE UDBHIE L2 & 3o
72o Kume & In0o(2000) (%, 7A4F & AT
F X O LT MED R K Y = — b IS B
HER D /NSOl REAEDOTROVELRIZ K
LZH00H LNRNWE LTWS, 74T
A MEEARO I AHEM A X 0 SR FEA
FEIZZ < OBIRRLSy S EE RT- 0 MEEAIE
F 7B A RS D ETRRIE LRV K
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rhE 225 A KBS 3513 % Begonia versicolor 2 2l & E{AREIC B S %
augk, FRICIENE & bk ic OV T
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Notes on the habitat and population of Begonia versicolor on Dawei
Mountain, Yunnan Province, China, with special reference to
cold resistance and spatial distribution patterns

Toshiaki Shiuchi”*, Yuanxue Lu?, Jingxiu Li®, Kaiyun Guan®,
Kazuomi Takahashi” & Masashi Nakata®

Y Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
*t-shiuchi@bgtym.org (corresponding author)
2 Kunming Botanical Garden, Kunming Institute of Botany, The Chinese Academy of Sciences,
132 Lanhai Road, Kunming, Yunnan. 650204, P. R. China

Abstract: The habitat conditions and population properties of Begonia versicolor on
Dawei Mountain, Yunnan Province, China were surveyed to obtain basic information
for in situ conservation. The plants were growing on north-facing slopes near a roadside
and on the forest floor. The vegetation present in the forest habitat in which B. versi-
color occurs was found to be secondary forest dominated by Lithocarpus hancei and
Castanopsis clarkei which stood over 30 meters in height. Measurement of soil acidity
revealed a pH of 4.5. Chlorophyll content differed significantly between variegated and
non-variegated areas of the leaves. Distribution patterns of the individuals were analyzed
by using m*/m index and ® index. Several loose colonies were formed showing a random
distribution. The distribution pattern in the colony was uniform in terms of habitat of the
population. Air temperature at the habitats of the plants was measured using a data logger
from March 2, 2013 to March 1, 2014. Annual mean, the highest, and the lowest tem-
peratures (°C) were 12.7, 35.8, and —0.8, respectively. It is noteworthy that B. versicolor
on Dawei Mountain did not display any growth damage after snow cover for 10 days in
December 2013.

Key Words: air temperature, Begonia versicolor, cold resistance, Dawei Mountain,
habitat condition, population structure, soil pH, spatial distribution pattern, vegetation,
Yunnan Province

v a U A RvUJEBegonia lXHFEIC 173 EEBKEETHICRDET L TOMLTND
FEA Y 2 SN TV CERA B & I vEH: (Gu et al. 2007), H[EEmRE 1T 101 FEN
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DAL, FDHH T2 FENEAFELE 22> T
% (B1E0> 2005) ,

Begonia versicolor Irmsch. (F[E4 : A fk
W) 1. ZERIE rE ARG OO A% 55 1800 ~ 2100
mIZ[EH T T, 1o IR R 72 £
5345 L (Gu et al. 2007) , BEDHERD A a8
FEHY FE 7T R BER AL . EOEIX
WE, AW TE - 4 2013), Tian et
al.(2018) i B. versicolor ™ % % {42 fi (4, D
EWZ L - TI5 L ED 7 — T &
HELTWDER, BlEEEYME L THWLR
TWDDIEZEDO—HIZF E 72\ (Chun et al.
2018),

Begonia versicolor |34k55 T C & pl= 2318
W2 E R ST TV D 23 IE A 2005) |
F1EA2(2001) 1%, #EFE, i L3I K OSHMK
BRI K DB L, O Ok
WZITER R T T AT v 77 4 LV NTEST
FVREEICR S E LD KK ETHE LT
W5, F2, Z1F)>(2005) (328 i
75% DFRIZEREE T CIFZEIT R & < TAan#
72BN, 60%LAT DFE T CIIEEINNE L
TELSJRNAIZR DR H D L LTND,
ZDO X HIT, FREFEREE T T B. versicolor ®
ABRBOWEILH D OO, HAEMTOH
A 13D 72, ., Chun et al. (2018) 23
B AR 4 B2 A TR, fE L 0 BIsA AR
PDIPEHGIR < | ERRYZE B TR K 0 S
WNDOHBRENZ L EHE L TWDA, AL
HiBR EEOE AR S B A I35 b - T
BFHITHR,

Al AFEORBITE T MR & L
T, EBEHMORAEOEEE, AR O S kR
T3 pH, XUR & EEDFELE 7R & & F~ T
DT, ZORREWRET D,

RELE
HUMIFH AT 2013423 H 2 H L 2014 42 3
A1 RIS Uiz, A R E SRR A LA
ANZIEA A TRMNGEL X v AR B IR O KE
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T, #5m 2100 m, ki 22°54'39.2", A
103°41'47.0", AbI[A = OMRL 12° ORLE T
& %, Begonia versicolor @ H 43 5 NI
20m X 20m D=2 R7— hEFRELT, BE
TEICHBIROWE - BEA T TV - T T
> OREFE S R (B R 1971) 1296 -
TRogk L7z, BAMUIEZGHR B AMREXITHE
ESN T T OBENE L STV DT
D, BIHEFHAERFCE BRI LV R ARIET
XA FIET D 2 & THRINE RN T D& [
JEDFEME EFEAMRE L2, a RT— ]
WIZFRPE S % VR SERFSOR]E o IR 22 F L L Brst
LTW5,

THEpH X7 XU AE#Y o pH A —
Z— AS-211 W, fiAFE Liza KT —
NNTEKETHEZ 5 DPTHIE LT, DY)
EZERDT-,

4 >+ v I 1(Onset Computer Corpora-
tion) ® HOBO 7 — # 1 4 — (UA-002-64
Pendant Temp/Light) % 3% & L C 2013 4= 3 A
2H/MH 201443 H 1 HETO LM, 30
SECHIE L, AEOERIEE ROz, £
72 1 A O FHAME O i & BARfE 2 45 H
DRI & FARGIR E L, BREL 1 H DO
ElEE R L, T2 ah— 35t L-ER
#7120 cm OEIRD FIZE%E L7-23, %30 cm
BfEaL7- M5 21X B, versicolor O LEEGHIAR &
B2 A=E LT (Fig.dF).,

HEDHBED B 537 & 72 sy O YRR
JE A LT D728, AETERE O FBER S & bk
B L IRRAR S (R m) iIZ o0\t
20 r Hidoa =703 /L X #EREFERT SPAD-
502 Z HWTHIE L7z, HACHW=oixA
Ao 2 A & ERV T B B e AT
A TS 5 LEIRCTH D, BEEES Y
& RISy OFHAIL 721 (SPAD i) % t M
ZFHWTHRIE LT,

Begonia versicolor & {& D 73 ik 4 7
RD 7=, FEAETE L2 ZRANIZ 10 m X
0mda RT—baRE L, HMEREEA
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Fig. 1. Begonia versicolor on Dawei Mountain, Yunnan Province, China. A; Variations in leaf shape,
color, and variegation in a B. versicolor population. B; Habitat consisting of north-facing roadside
slopes. C; Appearance of the secondary forest as the habitat. D; Landscape of the forest in the
secondary forest (C). E; Growth situation of B. versicolor in the secondary forest (C). F; Growth
situation of B. versicolor after snow cover in 2013. All photos were taken on March 2, 2013,
except for F (March 1, 2014).
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Table 1. Habitat conditions and vegetation of the Begonia versicolor popula-
tion on Dawei Mountain, Yunnan Province, China.

Latitude (WGS84)  N22°54'39.2" Date March 2, 2014
Longitude (WGS84) E103°41'47.0" Altitude 2100m
T1 Height ~35m Exposure NI0E
T1 Coverage 30% Inclination 12¢
T2 Height ~20m Square 20m=20m
T2 Coverage 40% Soil pH 4.5
S Height ~7Tm
S Coverage 30%
H Height ~1.0m
H Coverage 30%
T1 S
2+1 Lithocarpus hancei 2+2  Ardisia conspersa
2+1  Castanopsis clarkei 2=1  Rubus sp.
1=1  Daphniphyllum oldhamii 11 Aucuba himalaica
1+1  Rhododendron irrotatum 1-1  Dendrocalamus sp.
1=1 Bischofia polycarpa
H
T2 2-2  Osbhekia sp.
2+2  Castanopsis clarkei 2+2  Rubus sp.
2+1  Camellia cuspidata 2*2  Begonia versicolor
11 Rhodoleia championii 1=1  Ardisia conspersa
1=1  Eurya nitida 1=1  Plagiogyria sp.
11 Ewrva gnaphalocarpa
1=1  Hlicium simonsii
11 Euonymus alatus

+  Smilax sp.

IZE VIR L FBEIIDT, EHICEEND R
7o & X ORPHEADIEN Y (EIRY A X) 2B
5 cm Adii, 5~ 20 cm, 20 cm LA o> 3 B
WZXBIL, = OZEIEE % fidk L=, ofikk
K OMEHTIZ 1T Iwao (1972) D m*/m 535 (m*/
m index) %, {E{RYA AHE L OSEAD R
DA ORI 72 22 R4 A1, Iwao (1977)
D o F5 (o index) & v 7=,

BREER
Begonia versicolor B4 #h0D Z RAHEE
H Ao KE LIz 3T, B. versicolor 1%
F& i U 7o IR D RN DRI MAE iy D
Wofz /7 VoW b Ak & ORI A
E LTV (Fig.1A, B, C & E), fiARAD

FESLT Table 1123 L7z, BAE I3 E 30 m
%%z % Lithocarpus hancei (Benth.) Rehder
(B 2} 4] = > X 47 ) & Castanopsis
clarkei King ex J. D. Hooker (f&7IJ#t) 7322 H L
THES L, diEASE T C. clarkei & Camellia
cuspidata (Kochs) H. J. Veitch GE £ %5 =
AU N NF) H3MEE L, il 2 Rhodoleia
championii Hooker (£ZL{Efif = v 7 F 7 &
|} 2 ). Eurya nitida Korthals ( 4f &5 & % =
5% A4 Uk ¥ #H %), Eurya gnaphalocarpa
Hayata(JkEMS =47 7 &4 5 %) lllicium
simonsii Maxim. (¥ /\f4) . Euonymus alatus
(Thunb.) Siebold (TP ==2%) 23 5(E L,
MR 278 > T 7= (Fig.1C & D), 1EAREIX

|5 = AN

Ardisia conspersa E. Walker (HZ{C 4 4:4F) &
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Rubus sp. (4 F TJ@D—Ff) D 2 FEHLCBE
HIZAEB L, HAJEIZIE Osbekia sp. (B £ /
AR Jgo—FE) & Rubus sp.. B. versicolor
DEEHER ST, RS, B OhEgeF
1T HIT30% LK<, B. versicolor 1358 < 1%
WREEIN TV o7z, A Lz IR D
WD | ARAKRJE I K OEARE I = L@
YR OMRNEREE LI 2 A, 1FEA LB,
versicolor D/E B & MR CTX /2o To 2 &)
5. B. versicolor [ZARER T it 72 i Tl
ABEPHIRSNTW D AREERH 5, TR L
7-22 K — FNTIL B. versicolor OfESE L7
RELMED LT2IED, BESHImICHE U TR
LW A ER bR S L7720, BAEMITIE
T2l L SRR BIH DM )7 CEIEL T\ D &
B2 D,

FhE I3 ¥ —E2K 10 cm THREREE
WL EEN, pHIT A5 ORRMETHETH D

eI,

BAHORE & MEME

A [alFR AL L 7= K 1L o B. versicolor B 4=
HTAEEYFERR X 0 A LR CREITHE R T
HDHM. FEEF 2100 m ITAE LTV 5, 1
ERRNE L7 ERRIRIE 12.7°C T, &
LIRIZ 2013 455 A 19 H (2 35.8°C. kIEX
RI1X2014 41 A 15 H1Z -0.8°C Z ik L
72 (Fig. 2). 1 H OfARKIR & e <R O B
B 75 DA 21 6.243.9°C (FEHE(R 72, LU
TRIL) &7 ofe, HEWNIEN(2016) 73, =E
i 44 B &6  B. gulingingensis S.H. Huang &
Y.M. Shui (A ARFERKIES)  (AbfE 22°51'00.0",
W% 103°57'56.5™,  E & 1528 m) & B.
rhynchocarpa Y.M. Shui & W.H. Chen (55K
s (dbfk 22°40'27.9", HF 103°56'24.0",
5 164 m) O A AT 2013 4E 3 A 3 Ha»
52014 4E 3 H 2 B 1EMMIE L2 A
IRIXZ %74 15.8°C, 21.8°C T, HI&EZEIL
39+ 17°C, 1.5+ 07°CTHY, Zhbi
Fr#% LC B. versicolor @ B ZEH#%, 1 4ERM D
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PHEIRITE <. BREZKRE o7z,
Fig. 2 |TRT 1 ERBORARKIR & FdRiE
O B L R RBE X LT, 2013
FEe AHAIND 201442 A £ ClIW#H &
HIT/hE L, ZOMIBPAMT E Bl kEL
RoTWh, TDIEH, 6 H 12 HOKE KR
JE 159823.3 L7 AL T 0N 4 HED 6 A
16 HIZIEfcRPREE 18600.1 /L2 A & Ik L .
ZOHUBIRWNRE D H AN 2 A £ The T
b, ZhBHDZ ENnG, A0 B. versicolor
HAEMCORIEEIL, ZERIC B SAENRE
fELCTF—F#u—|ZHEEAELIZ LA
I, FOEBTKIROHBENRKE L 2o
e EHERI S, FRICERKRBEORE W2 A9
56 H £ TICHIE LIZRIRIL, FEREEozes
DRIV EWEEZBND, L, &lAl
T =X I =% %E LTG0 << 1IZiX
IZ B. versicolor B L TW=Z &k,
EEITEBTREZOLOERLTND L&
Z B, AR R R 35.8°C, i R
198401.3 /L7 A THAEFAIRER Z L0, ik
BIRREIZIT2 A0S 6 H £ TITHRTR W
HELNMKLETHD Z LWREIND,
2013 4ED B 2014 AE DAL 50 Al —E &
H VDI IRNEL DL, KEILOART
B< A~OBEEY Tid, BAETIIZLL
MENDHY, BATICE > TUI/RKImIFE
DHEENH -T2 D ETHoT=, AAEIZH
W2 T — % a H— TR AT OFIR IR
EBELEZO, PLOBRETHLEOFIZHY
NAHWREICH - T- EHELR I D, 155 2450
m & LR RS (L RT =R B2 C oD 1980 4=
10 H~ 1987 4F 3 H O OFtek T, VIR
MN-1°CETIFNLZ N> THHEE T
OMIFIREIL 0°C TEITHRI-N TN D (K
F1994), A REIOFHANEA 0°C T—E L TW
722 Emb, KEINTHESERH 7201 12
H 15~ 25 A O EHERI S L7228, 2 DI#
DOAKIRIT S PIRAREEL & L Cigdk sz
—0.8°C & FlEl> TW=aHEEnH 5, 0
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#% b, 2014451 H 14, 15, 21, 22 H © &
fRA&URIZ 0°C 2 FE1Y , 2 H 19, 20 HITiX
RIKAIR 0.2°C L 72> T2 Enb, mm
ARG 2014 AE DL IIATE & FEIR-OREE (1T
bl L HEM < 7=, Begonia verswolor
IX2013FE 12 AIC10 HMES Flch - 72
%@@\:@%i%_iofﬁéw%%%
A, FEPEEFIL 0°C 2 FEIG 2o 7
EEZ NS, 201443 H 2 HOFA TIX
BRME SR DNE O ER EORBITA
{HERTE o T=Z &6 (Fig. 1F) ., B.
versicolor 3072 < & % 0°C Cidfe 10 H .
& —0.8°C DEX TNt 2 D MMEME 2> L
Wz k9, £, BOOEmIIoONTE, B
LD ETF ORI OEIARE I IR TE -
23, BEDIRE U TTHESET 5 L 9 72l EOSEIR
TR OGN D o Tz, JEREAORERFEDOFEE
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122 o TREEIC L DA 2 T TV
WZ e, 2B B. versicolor L1V &
ICREWIHEERSH D EEZ HND,

EaLOHOER

Begonia versicolor DOIEM TR, PIR
th, PRk, Yk L RAEFEO T hEkA e
%ﬁﬂ%@\ﬁﬁé%E@EW#ﬁabfé
BFITbH2Ebbo7=(Fig. 1A), Tz, I
ADHBEOMR SRR E S HERIC L - TR
Lz, F—EEANTHEILIZES 2
EbdhoT,

KELO B A TR SN REN RO E
FFO 2 ERIZ DWW T HBED & 557 & 720D
oy (Rl sy) DIERFEEZFHII L, FOkk
B ARy O SPAD [HEO EEMEIZENE
A 21.842.4, 27.9+2.4 T, FROIsy OSEHIHE
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Fig. 3. Measurements of the chlorophyll content in the leaves of Begonia versicolor using SPAD-
502 (Konica Minolta, Inc.). A & B: Dawei Mountain, Yunnan, China. C: Kunming Botanical
Garden (Cultivated). Chlorophyll content in leaves differed significantly between non-variegated

and variegated areas (t-test, p<0.01).
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Shoot propagation and regenerable callus production from meristems
derived from axillary buds in Prunus campanulata,
a subtropical tree species
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Abstract: Prunus campanulata is a precious genetic resource of flowering cherry. This
species is native to the subtropical zone of the Ryukyu Islands (Japan) and an in vitro
propagation protocol has not yet been established for this species. To establish a tissue cul-
ture system for micropropagation, meristems of P. campanulata growing on the Ryukyu
Islands were cultured on gellan gum-solidified Lloyd and McCown (1981) woody plant
medium (WPM) supplemented with 1 mg/l of benzylaminopurine (BAP), thidiazuron
(TDZ), or zeatin (Zea). Cultures were maintained at 25°C under a 16/8-h (light/dark) pho-
toperiod with fluorescent lighting (40 pmol/m?/s). Almost all of the meristems which were
cultured on media containing BAP or Zea developed shoots. On the other hand, media
that contained TDZ exhibited a high rate of callus formation (70 %), regardless of initial
culture time. The callus had maintained a diploid state regardless of the concentration of
TDZ, and spontaneously formed shoots during a 2-year culture period.

Key Words: flowering cherry, micropropagation

The flowering cherry is the most popular ornamental tree in the world. To date, almost all
cultivars planted worldwide were bred from Japanese wild cherry species, such as Prunus
jamasakura, P. speciosa, and P. pendula. Approximately 10 species were native to Japan,
the majority of which inhabited a temperate zone. However, one species, P. campanulata,
was native to the Ryukyu Islands located at subtropical zone. As the subtropical flowering
cherry exhibited highly sought after ornamental traits such as an early flowering period
and deep red flowers, they were planted along many roadsides and parks on the Ryukyu
Islands. Nursery plants of the flowering cherry were propagated by seed, accounting for
the variation in characteristics such as flower color, shape, and flowering period. Therefore,
it becomes necessary to establish a method for mass clonal propagation of elite flowering
cherry trees with high horticultural value.

In the genus Prunus, because propagation from cuttings is generally difficult, cultivars
are usually propagated by conventional methods such as grafting, proliferation by these
means is also limited by seasonal restrictions. Researchers have already reported in vitro
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shoot proliferation from meristems in many flowering cherries including P. sargentii
Rehder (Satoh 1994), P. x mochidzukiana Nakai (Kawai 1993), P. leveilleana Koehne
‘Antiqua’ (Sakatani & Amano 1987), P. lannesiana (Carriere) E.H. Wilson ‘Juzukakezakura’
(Kasahara et al. 2007), P. jamasakura Siebold ex Koidz ‘Haquiensis’ (Sengi 2001) and P.
jamasakura ‘Zenshoji-kikuzakura’ (Sengi 2001), and P. spachiana (Lavalee ex E. Otto)
Kitam. ‘Pendula’ (Tanaka 1995). We have also reported micropropagation of several
chrysanthemum-flowered cherry cultivars, such as P. ‘Nyuzen-otome-kikuzakura,” P. lan-
nesiana ‘Longipedunculata,” P. lannesiana ‘Sphaerantha’, P. x miyoshii Ohwi ‘Amnbiqua’,
P. lannesiana ‘Mirabilis” and P. jamasakura ‘Jyokyoji-temari-zakura’ (Godo et al. 2013,
Okada et al. 2015). Micropropagation is a good system to maintain the genetic stability of
proliferated individuals with an added advantage of year-long production not limited by
seasonal restrictions. However, to date, no micropropagation protocol has been reported for
the subtropical flowering cherry, P. campanulata.

On the other hand, successful callus initiation from several kinds of tissues such as stems,
leaves, and roots, was reported in several Prunus species and cultivars such as sour cherry,
colt cherry, peach, and others (Coffin et al. 1976, Druart 1980, Jones et al. 1984, Matsuta
et al. 1983, Declerck & Korban 1996, Blando et al. 2005). Establishment of regeneration
systems from callus is not necessarily important for mass propagation but is for production
of transgenic plants.

This paper describes shoot propagation and regenerable callus production from meri-
stems of P. campanulata that were cultivated on Ryukyu Islands, Japan.

Materials and methods
Plant Materials
Prunus campanulata cultivated on the main island of Okinawa located at the southern
part of Japan and belonging to subtropical zone, was used in this study. Several branches of
the tree which were used as experimental material were delivered to the Botanic Gardens
of Toyama, located at the central part of Japan.

Meristem culture

The branches of P. campanulata were cut into small pieces of about 2 cm in length con-
taining one axillary bud. Explants were washed with tap water and then washed in a neutral
detergent solution on a magnetic rotary shaker for 30 min. Explants were subsequently
surface-sterilized with a NaOCI solution (1% available chlorine) containing 1% (w/v) sur-
factant (polyoxyethylene sorbitan monolaurate) for 10 min and then rinsed with sterilized
distilled water.

Meristems excised under a microscope from the sterilized axillary bud were cultured on
gellan gum-solidified Lloyd and McCown (1981) woody plant medium (WPM) supple-
mented with 1 mg/l of benzylaminopurine (BAP), thidiazuron (TDZ) or zeatin (Zea). All
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media were supplemented with 5 mg/l gibberellin (GA,) and 20 g/l sucrose. Media were
solidified with 0.2% gellan gum (Phytagel; Sigma Chemical Co., St. Louis, USA) and the
pH was adjusted to 5.8 before autoclaving at 121°C for 15 min. For callus production,
meristems were cultured on gellan gum-solidified WPM supplemented with 0.1, 1 or 5
mg/l of TDZ and were transferred to fresh media every 30 to 45 days. Each meristem was
maintained separately in glass tubes (20 x 140 mm) each containing 10 ml of the medium
and were incubated at 25 + 2°C under a 16/8-h (light/dark) photoperiod with fluorescent
lighting (40 pmol/m’/s).

Flow cytometric analysis

For analysis of ploidy level, the DNA content of the callus and shoots regenerated from
callus was measured by a flow cytometer (Partec PA; Partec). The callus produced on
medium containing different concentrations of TDZ and shoots regenerated from callus
supplemented with 1 mg/l TDZ were cut with a razor blade in a nuclear extraction buffer
(Quantum Stain NA 2A, Cytotechs, Ibaraki, Japan) on a plastic petri dish (3.5 cm in diam-
eter). After filtration through a 30 um nylon mesh (CellTrics®, Cytotechs, lbaraki, Japan),

Table 1. The effect of plant growth regulators and season of initial culture on in vitro propagation of
meristems of Prunus campanulata after 2 months.

Plant growth  Season of initial Rate of survival Rate of callus forming Rate of shoot

regulator culture (%) (%) forming (%)
BAP(1mgn  E%YDec: 18.2 66.7 (37.5% 33.3
Late Jan. 37.8 42.9 (0) 57.1
Early Dec. 20.9 100 (35.7) 0
Datmgl et 27.5 72.7 (0) 27.3
Early Dec. 9.0 16.7 (0) 83.3
Zeall mgl) Late Jan. 18.9 14.3 (100) 85.7

* Rate of callus with shoot elongated from meristem.

Table 2. Effect of various concentration of thidiazuron on callus and shoot formation from meristem
of Prunus campanulata.

Rate of callus with

Concentration Rate of survival Rate of callus Rate of shoot shiots elotgatad
. i . e ; g
of TDZ (mg/1) (%) formation (%) formattion (%) fioith mefister (V%)
0.1 36.4 83.3 16.7 66.7
1 44,9 95.7 43 31.8
5 32.5 100 0 6.3

Rate of shoot formation was calculated as (number of shoot regenerated callus / number of
total callus X 100)



30 Bull. Bot. Gard. Toyama No. 24

Fig. 1. Effect of different plant growth regulators on meristem culture of Prunus campanulata after
2 months of initial culture. The explants were placed on 0.2% gellan gum-solidified WPM supple-
mented with 5 mg/l GA, in combination with 1 mg/l BAP, TDZ or Zea. (A) Shoot development
from meristems cultured on media containing 1 mg/l BAP, (B) Callus formation from meristems
cultured on media containing 1 mg/l TDZ, (C) Shoot development from meristems cultured on
media containing 1 mg/l Zea. All bars =1 cm.

the extracted nuclei were stained with 0.8 ml 4’,6-diamidino-2-phenylindole (DAPI) solu-
tion containing 10 mM Tris, 50 mM sodium citrate, 2 mM MgCl,, 1% (w/v) PVP K-30, 0.1%
(v/v) Triton X-100, and 2 mg/l DAPI (pH 7.5) (Mishiba et al. 2000), and measured with the
flow cytometer according to the procedure described in Miyashita et al. (2011). More than
3,000 nuclei were analyzed in each measurement. A hypocotyl of a seedling of P. campanu-
lata was used as diploid control.

Results and discussion

Contamination by fungi or bacteria was the most serious problem and as a result, the
survival rate after 2 months of initial culture was low (<50%) (Table 1, 2). Kawai (1993)
suggested that a high rate of contamination in P. x mochidzukiana meristem culture was
due to environmental conditions, specifically, high humidity caused by rain. In the current
study, as the plant material was transported in sealed bags under high humidity over long
distance, it is foreseeable that populations of these microorganisms increased during the
transportation.

The majority of meristems which were cultured on media containing BAP or Zea devel-
oped shoots (Table 1, Fig. 1A, C). After transfer to fresh media containing the same plant
growth regulators, shoots developed better on media containing BAP rather than Zea (Fig.
2). The use of Zea for meristem culture of cherry tree has not yet been reported. However,
BAP has been shown to be effective in meristem development for several kinds of flower-
ing cherry (Sakatani & Amano 1987, Kawai 1993, Satoh 1994, 1999, Kasahara et al. 2007,
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Godo et al. 2013, Okada et al. 2015).

On the other hand, the formation of callus was observed on all media, however the rate at
which they occurred differed amongst the plant growth regulators which were used in this
study (Table 1). Media containing TDZ promoted a higher rate of callus formation (100
or 72.7%), followed by BAP and Zea, regardless of initial culture season (Table 1, Fig. 1).
With regard to media containing TDZ, when explants were harvested in December, cal-
lus production (35.7%) was accompanied by shoots which were derived from meristem.
However, no shoots were observed in callus induced on same medium in January (Table 1).
It is unclear whether this observation is due
to the seasonal variations. Callus forma-
tion in flowering cherry has been reported
from various organs using individual plant
growth regulators or combinations. For
example, the application of a combination
of kinetin and 2,4-dichlorophenoxyacetic
acid (2,4-D) to meristem lead to callus
production in 5 Prunus cultivars including
P. armeniaca ‘“Morden’, P. avium ‘Bing’,
P. cerasus ‘Montmorency’, P. domestica
‘Fellenberg’ and P. persica ‘Reliance’, and
3 species including P. mahaleb, P. nigra
and P. padus (Coffin et al. 1976). Callus
was produced on leaves of Prunus persica
with the use of 2,4-D, Dicamba, BAP or -
Zea (Declerck & Korban 1996) while a Fig. 2. Plantlets of Prunus.cgmpanulata grown
combination of BAP and 2,4-D promoted on 0.2% gellan gum-solidified WPM supple-

) ) mented with 1 mg/l BAP 2 months after
callus formation on leaves of P. lannesiana subculture. Bar = 1 cm.

Fig. 3. Effect of different concentrations of TDZ (0.1, 1 or 5 mg/l) on callus formation from meri-
stems of Prunus campanulata after 2 months of initial culture. As a basal medium, 0.2 % gellan
gum-solidified WPM supplemented with 5 mg/l GA;. (A) Callus induced on media containing
0.1 mg/l TDZ. (B) Callus induced on media containing 1 mg/l TDZ. (C) Callus induced on 5 mg/I
TDZ. All bars =1 cm.
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callus maintained on WPM supplemented
with 1 mg/l TDZ. Bar =1 cm.

(Matsuta et al. 1983). Callus development
from roots of P. dawyckensis, P. canescens,
and P. incisa x serrula was promoted with
the use of a combination of BAP and GA,
(Druart 1980) while in the colt cherry, BAP
was required to initiate callus development
(Jones et al. 1984).

Callus was induced from all concentra-
tions of TDZ examined in the present study
(Table 2, Fig. 3). It has been reported that
TDZ is also effective for callus induction
from leaf segments of P. persica (Declerck
& Korban 1996). It might be possible that
TDZ is a useful plant growth regulator for
callus induction from any organ from any
Prunus species. At concentrations of 1 and
5 mg/l in culture media, TDZ improved
callus development as compared to 0.1 mg/
| TDZ. The callus obtained in this study
had maintained a diploid level over a
period of two years regardless of the con-
centration of TDZ (Fig. 4). Furthermore,
callus spontaneously formed shoots during
subculture over two years when maintained
on media supplemented with 0.1 or 1 mg/I
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TDZ (Table 2). The ploidy level of the shoot was determined as diploid by flow cytometric
analysis (Fig. 4, 5). However, adventitious shoots were not observed on media containing 5
mg/l TDZ (Table 2) suggesting that lower concentrations of TDZ contributed to the ability
of shoots to regenerate.

Recently, many transgenic plants exhibiting new useful traits such as a different flower
color or resistance to diseases and insects, were produced by genetic transformation (Schuler
et al. 1998, Punja 2001, Bates et al. 2005, Katsumoto et al. 2007). The regenerable callus
obtained in this study may be useful material to transform flowering cherry.

This study was financially supported by the Okinawa Churashima Foundation. The
authors wish to thank Mr. Hiroyuki Sato for assistance in collection of plant material and
Ms. Ami Matsui for technical assistance of tissue culture.
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Drifting plantlet of Zostera caespitosa collected at the cove of
Kozakai Beach, Himi City, Toyama Prefecture, Japan
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Abstract: We collected a drifting Zostera plantlet in living condition in the cove of
Kozakai Beach, Himi City, Toyama Prefecture. Based on the morphological characteristics
of rhizomes and leaves, the specimen was identified as Zostera caespitosa and a voucher
specimen was prepared for the flora of the Toyama prefecture. Although we have studied
the seagrass vegetation throughout the cove since 2016, we have never found Z. caespitosa
there. The plantlet was considered to have originated from a population of Z. caespitosa,
which has been reported to grow 260 m offshore of the cove. Vegetative reproduction by a
detached plantlet is possible in Z. caespitosa.

Key Words: drifting seagrass, flora of Toyama, red data plant, Toyama bay, Zostera

caespitosa

201844 H 24 A, FHEBIL, fikkeric
7 OB EAT > T D E LIROK R,
T/ NEHERE DAL A VITIZEBW T, T HEEM
5 5 m AR AEBEN 72 K 50 cm O E R
WS N2 WY X 7 ORI A
B LT (K 1A), B4 LT-iRIE, Mk
(2R LT2REECF LR A R OWFFEER 12
FBHIF0 ., Ny MIZEN(X 1B) . &k
DFFEABIE LTz, S OICEPICEE
TEDJIEIL, SERTREE CREICBIEE L,

=a 5T P4 H A Z COOLPIX W300 C
TEREDIRE 21T T, BIER%, BE LY
RITE EEREARIZ L, & LR S EIEA
LR LTz,

PAE LT IRICIE, BELRZE, RDFEER
T& 7z, EIHE T, TORKOE S22
cm, 184 mm, REOELIT 2 mm, Hif
WHIFEAE 7o Tz, BRITERR 0.1 mm T,
20mmM U TFTOEITUNTEY, £< DR
ey e (AN e - =C 2R A AL D QLAY B 57 17



38 Bull. Bot. Gard. Toyama

JHelX, 7 ~-TFl Zosteraceae 7~ -E Zostera
marina L. IZfEl TV 7223, B O AN <
FHESTND R, KERENZ AT DA, K
TCNZIIREA T BERGI N 5 . BES IR 23 1]
AT A (X 1C) 25, [FAEHREO A 7T
~ <& Zostera caespitosa Miki T 5 & [AlE L
77

AT L, ALEEN DA, IS
RFEARICAER L, KR CIXERIRLL
b, BARUMERI TR IR 046 LT 5 (H
1 2015), FILRTIE, FILIRRSEECKH
E2> 1983) IZiFFeek 72 < . E LT RV EY
BEIZ S IRNPEREAR IR S LT i o 7,
BT I 7PEO—D2 L LTHIOTAF T~
ARk L2 OV (2001) C, Ok B fim
O EMTRNEOR TR, Z 0% - 12
FF(2005) HoK R TIRRETBIEE L T\ D, &
ITCIE, i (2017) SASTE O BLA7 Bl =
RREENR SN Z L EHRE LTS, £
72 KB AT 2Afi 5 7-8122 T, Ak (2017)
XE BV O T4y, K8 m=14.7 m T
DAEF ZWE L, BRI/ E S 260 m
THEDKZES2 M A G 420 m o kiE 12.3
m % TO 3 gl TAREZ R LT D,
A OBREM T H D/ NEHEFOAN DT T
X, BEHEDLN 201646 AbiTo C&-#k
BOICL D EEBZICBWTH, AEOAE
BONHERSNIZZ Li37eun (i - JI1¥E 2016),
AR SV EEARIE, RIS L C
Wizt b d K9 RIEOE AT Te D
EMD, PR S EARERET 334 m &
IS CHER SV TV D/ NED AT T < R
DIRHERC, #IWIZ L DK OBENI - T
AOTICER LT=b D EEZ NS, 2V
TOEIETDORF T ~FOWEI TR
WX B BEH. HDHWIEKT T AT OB
Lo THRESNTEY ., HONTEARBMNL
ITBUE NKFERGIFE | v & —HAL XK EE
FFFEATIC et S =723 (RidE « #akF 2005) .
GELE L TR D Z N TE R -T, &

No. 24

[BIOFEAIL, ¥ TARFEARE (TYM) 12U
WENTebDOT, BURZ 0 ICAFT ~vE
Nz 5FHUEAR L UCRET 2 E®RNH
2o

—EOIC. AT EOETREIL. EIC
KRS m it O T OMIETH V. K
D5 Z IR T HRMIEN RIS Z &%
7RV (KRS « B 2007), A RIERE STz
WA T ~EIX, EICORED b RAREL
AR AL T/IMEDIE i L 7= T
0 A EHEM ) DBEENZIGETIC, SR
FEIZ & > T a R CER T 5 TREME 2 7R
LTW5, A4, /N FREHICS T 54
FREDEEFCIRDL & S AR 2 fREA I AR L C
WS BB B,

AT EITEREESL v FU X (2015)
THEMEPRSEI (NT) L HE STV D, BEIR
TIFAENNET, 8882 LI A B R o=
2 LB R ON A TH D, I
BWAMERICH D E VOB TRLY Yy KU X
I 2000 4FAR T ERE G IR I HE & S 4,
2010 FFRR CHITHFEZF LA LT dH L
HEHETRZ 7 IfLEDT b TWAD (A
JIIR 2000, 2010), & LR TIE, BIRFRTO
FEBEIREE 1T/ NS VDS, AT HIDSPEERIZBR &
NTEY ., EFREOIC X - TTERE
TEFEI ST D AfREME N B D Z LD, Rk
(ZHERSEINC T > 7 T2 00N & b
Do

AWFZEEATHZHT=0 . KAFEERFERA
(IS O Sl TEE & T E E
L7, &ILREMKER G HTE o 2 —KiE
WEFERT ORI, BILRICBT D A
BT = DAARF L OVERED B S 0 SClkRE
WiEEE Lz, FHEICHZ Y &R
JhEEEE T HBEIELICEZ < OB E %
WiEEEE L, 2R LTERILAE L T
£7

AR A - oK R/ NBEYE . 36.919226N,



December 2018 St/ NEEME R TR SIS A S T~ 39

Fig. 1. Drifting plantlet of Zostera caespitosa in the infralittoral zone at Kozakai Beach, Himi City,
Toyama Prefecture. A: Z. caespitosa collected from a water depth of 0.5 m on April 24, 2018. B:
Habit. Leaf blade (L). Leaf sheath (Ls). Root (Ro). C: Leaf-tip of Z. caespitosa.
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BGT Plant Chromosome Reports

This column carries miscellaneous information on the chromosomes of plants, such as
chromosome numbers, meiotic configurations, karyotypes, etc. Contributions are invited
under following conditions;

1) The material(s) used in the report should be cultivated in the Botanic Gardens of
Toyama, and/or the voucher specimen(s) of the materials will be conserved in the
Botanic Gardens of Toyama (TYM).

2) The reports should be consisted of “Materials and methods” and “Results”. Omission or
minimum description of “Introduction”, “Discussion”, and “Literature cited” are prefer-
able. Authors require to prepare manuscripts consulting recent style of the column.

3) Description volume on each taxon in the report should not excess one printed page
including table(s) and figure(s).

O Kousuke INABAY & Masashi NAKATA?*: Karyotypes in four Ligularia species
of Japan

Four Ligularia species were collected in their natural habitat (Table 1) with required per-
missions, and cultivated in the experimental garden of the Hiroshima University (Senda
Campus, at that time). Chromosome observations were made on root tip cells using tradi-
tional squashing method after pretreatment with 2 mM hydroxiquinoline solution for 3.5 h
(20°C), fixation with acetic alcohol (99.5% ethanol : glacial acetic acid =2 : 1 (v/v)) for 3 h

Table 1. Localities and chromosome numbers of the four Ligularia species studied.

Number of Chromosome

Species / Localit
pecies s Locallvy plants observed  number (2n)

Ligularia fischeri (Ledeb.) Turcz.

Kita-hiroshima-cho (formerly Geihoku-cho), 4 58
Yamagata-gun, Hiroshima Pref.
Hatsukaichi City, (formerly Yoshiwa-mura, Saeki-gun), 2 58

Hiroshima Pref.
L. hodgsonii Hook.f.

Onneto, Nemuro City, Hokkaido 3 58
L. japonica (Thunb.) Less.
Kita-hiroshima-cho (formerly Geihoku-cho), 3 58
Yamagata-gun, Hiroshima Pref.
Aki-ohta-cho (formerly Togouchi-cho), 1 58

Yamagata-gun, Hiroshima Pref.
L. stenocephala (Maxim.) Matsum. et Koidz.
Mt. Ishizuchi, Saijo City, Ehime Pref. 2 58
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(4°C), maceration in a 2 : 1 mixture (v/v) of 45% acetic acid and 1 mol/l hydrochloric acid
for 15 sec (60°C), and staining with 2% acetic orcein. Description of chromosome mor-
phology followed Levan et al. (1964) and Tanaka (1977). Taxonomic treatment followed
Ohwi and Kitagawa (1983). Voucher specimens and/or photographs were deposited in the
Botanic Gardens of Toyama (TYM).

1. Ligularia fischeri (Ledeb.) Turcz. (Fig. 1)

The interphase nuclei in sister cells, measuring 16.1 + 0.9 um in diameter (mean = S.D.,
n = 10, the same hereinafter), were stained darkly and had numerous chromomeric granules
of 0.3-0.5 um in diameter and condensed chromatin blocks of 1.0 um in size. The nucleus
was categorized in the densely diffuse type (Tanaka 1977).

At prophase the chromosomes were darkly stained homogeneously, and considered to be
the continuous type (Tanaka 1977).

At mitotic metaphase, 2n = 58 chromosomes were counted in six individuals from two
localities. They varied in length from 1.9 to 4.0 um (mean: 2.8 um), showing gradual size
variation. Satellites were observed on the short arms of the largest two submetacentric
chromosomes (nos. 2 and 3) and the short arms of medium-sized two submetacentric chro-
mosomes (nos. 23 and 27). The chromosomes complement was consisted of 22 metacentric
chromosomes, 28 submetacentric chromosomes, and eight subtelocentric chromosomes,
thus the chromosome formula was designated as 2n = 58 = 22m + 24sm + 4sm> + 8st.
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Fig. 1. Somatic chromosomes of Ligularia fischeri (2n = 58). A, Interphase; B, Prophase;
C, Metaphase. D, Individual chromosomes arranged in order of length. The chromosomes nos.
2, 3, 23, and 27 carry satellites on the short arms. Bars indicate 3 um.
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2. Ligularia hodgsonii Hook. f. (Fig. 2)

The interphase nuclei in sister cells, measuring 15.7 + 1.3 um in diameter, were stained
darkly and had numerous chromomeric granules of 0.3-0.5 um in diameter and condensed
chromatin blocks of 0.9 um in size. The nucleus was categorized in the densely diffuse
type (Tanaka 1977).

The prophase chromosomes were darkly stained homogeneously, with 3-6 small con-
strictions, and considered to be the continuous type (Tanaka 1977).

At mitotic metaphase, 2n = 58 chromosomes were counted in three individuals from a
locality. They varied in length from 2.4 to 4.4 um (mean: 3.3 pum), showing gradual size
variation. Satellites were observed on the short arms of the largest two submetacentric
chromosomes (nos. 3 and 4) and the short arms of medium-sized two submetacentric chro-
mosomes (nos. 15 and 22). The chromosomes complement was consisted of 24 metacentric
chromosomes, 26 submetacentric chromosomes, and eight subtelocentric chromosomes,
thus the chromosome formula was designated as 2n = 58 = 24m + 22sm + 4sm*° + 8st.
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Fig. 2. Somatic chromosomes of Ligularia hodgsonii (2n = 58). A, Interphase; B, Prophase;
C, Individual chromosomes arranged in order of length. The chromosomes nos. 3, 4, 15, and
22 carry satellites on the short arms. Bars indicate 3 pm.

3. Ligularia japonica (Thunb.) Less. (Fig. 3)
The interphase nuclei in sister cells, measuring 17.5 + 1.1 um in diameter, were stained
darkly and had numerous chromomeric granules of 0.3-0.4 um in diameter and condensed
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chromatin blocks of 0.9 um in size. The nucleus was categorized in the densely diffuse
type (Tanaka 1977).

The prophase chromosomes were darkly stained homogeneously, with 3-6 small con-
strictions, and considered to be the continuous type (Tanaka 1977).

At mitotic metaphase, 2n = 58 chromosomes were counted in four individuals from two
localities. They varied in length from 2.8 to 4.9 um (mean: 3.9 um), showing gradual size
variation. Satellites were observed on the short arms of the largest two submetacentric chro-
mosomes (nos. 1 and 2). The chromosomes complement was consisted of 22 metacentric
chromosomes, 28 submetacentric chromosomes, and eight subtelocentric chromosomes,
thus the chromosome formula was designated as 2n = 58 = 22m + 26sm + 2sm*° + 8st.
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Fig. 3. Somatic chromosomes of Ligularia japonica (2n = 58). A, Interphase; B, Prophase;
C, Metaphase; D, Individual chromosomes arranged in order of length. The chromosomes nos.
1 and 2 carry satellites on the short arms. Bars indicate 3 um.

4. Ligularia stenocephala (Maxim.) Matsum. et Koidz. (Fig. 4)

The interphase nuclei in sister cells, measuring 14.8 + 1.4 um in diameter, were stained
darkly and had about 30 chromomeric granules of 0.3-0.5 pum in diameter. The nucleus was
categorized in the densely diffuse type (Tanaka 1977).

The prophase chromosomes were darkly stained homogeneously, with 3-6 small con-
strictions, and considered to be the continuous type (Tanaka 1977).

At mitotic metaphase, 2n = 58 chromosomes were counted in two individuals from a
locality. They varied in length from 2.9 to 5.2 um (mean: 3.8 um), showing gradual size
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variation. Satellites were observed on the short arms of medium-sized two submetacen-
tric chromosomes (nos. 17 and 22). The chromosomes complement was consisted of 22
metacentric chromosomes, 28 submetacentric chromosomes, and eight subtelocentric chro-
mosomes, thus the chromosome formula was designated as 2n = 58 = 22m + 26sm + 2sm*°
+ 8st.
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Fig. 4. Somatic chromosomes of Ligularia stenocephala (2n = 58). A, Interphase; B, Prophase;
C, Metaphase. D, Individual chromosomes arranged in order of length. The chromosomes nos.
17 and 22 carry satellites on the short arms. Bars indicate 3 pm.

The present observations were made in 1986-1987 under the guidance of Professor
Ryuso Tanaka. The authors are grateful to the late Dr. Ryuso Tanaka. We thank Dr. T.
Funamoto and Mr. M. Ogawa for providing materials.
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