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Karyotype Analysis in Four Taxa of Aster (Asteraceae)
Found in the Ryukyu Islands

Tadashi Kanemoto

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-2713, Japan

Abstract : Chromosomes are observed in four taxa of Aster occurring in the Ryvukyu
Islands. They are A. asa-grayi Makino, A. miyvagii Koidz., A. waiwanensis Kitam. var. lu-
cens (Kitam.) Kitam, and 4. walkeri Kitam. Chromosome number 2n -13 is observed
in all of them, as previously reported by various authors. A pair of largest chromo-
S0Mes possesses a secondary constriction on the short arm in all taxa. The karvo-
type of A. tawanensis var. lucens and A. walkeri can be considered to belong to the
Euaster-type, which Huziwara designated for that of A. asa-gravi. However, A, miv-
agii also has secondary constriction in a pair of small chromosomes and the
karyotype is considered to belong to the Teretiachenium-type. The total chromo-
some length of A. raiwanensis var. lucens is twice longer than those of two taxa in the
Euvaster-type. Chromosomes with submedian centromere are 10 in A. raiwanensis
var. lucens, whereas they are 12 in A. mivagii, A. asg-grayi and A. walkeri.

Key words : Aster, chromosome, karyotype, Ryukyu islands, secondary constriction

According to Hatusima (1975), four taxa of Aster are known to occur in the Rvukyu
Islands. They are A. asa-grayi Makino, A. miyagii Koidz., A. raiwanensis Kitam. var. lu-
cens (Kitam.) Kitam. and A. walkeri Kitam. These taxa are all endemic to the Islands
and has been recorded from certain island or islands: A. asg-grayi trom Amami-
oshima, Okinoerabu-jima and Okinawa-jima, A. miyagii from Amami-oshima, Tokuno-
shima and Okinawa-jima, A. taiwanensis var. lucens from Iriomote-jima and A. walkeri
from Yonaguni-jima.

Chromosome number 2n=18 has been reported for these four taxa by wvarious
authors (Huziwara 1957, 1965; Matsuda 1970; Miyagi 1973). When he recognized four
groups of karyotype in Aszer of Japan, Huziwara (1957) recognized the karyotype of A.
asa-grayi to belong to the Euaster-type. In the present paper, karyotypes of the other
three taxa are discussed.

Materials and Methods

Chromosomes were investigated in four taxa of Aster shown in the Table I, in
which names follow the taxonomic treatments by Hatusima (1975). These plants were
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originally collected in various islands of the Ryukyu Islands as shown in Table 1 and
have been cultivated in pods in the Botanic Gardens of Toyama. Fresh root tips of 5
mm long were cut and pretreated with 2 mM 8-hydroxyquinoline solution for 4 h at
20°C. The root tips were fixed with Farmer's fluid, a mixture of acetic acid and eth-
anol (1 : 3) for more than 24 h at 5C and macerated with a mixture of 1N HCI and 45
% acetic acid |1 : 2) for 40 sec at 60°C, and the meristematic region of the root was
stained with 1% aceto-orcein. The chromosome preparation was made by squashing
method.
For karyotype description, typification proposed by Tanaka (1977) is adopted.

Observations

Chromosome number 2n=18 was counted at metaphase of all taxa of Asrer collected
in the Ryukyu Island, as shown in the Table 1. Chromosomes observed at metaphase
are shown in Fig.1, being basically arranged in descending order of the length. The
measurements of the somatic chromosomes at metaphase are shown in Tables Z2—5.
Results of the observation are as fellows.

1. Aster miyagii Koidz.

Chromosome number at metaphase is 2n=18 (Fig. 1 A). The chromosome length
varied from 7.1 to 3.9 » m. Secondary constrictions were observed on the largest and
a small chromosome pairs. Of 18 chromosomes, ten have centromeres at median posi-
tion and remaimng eight at submedian position, thus chromosome formula is desig-
nated as 2n=18=4m"+8m+6sm. Mean chromosome length and total chromosome
length are 5.1 zm and 92.6 xm, respectively (Table 2i.

2. Aster taiwannensis Kitam. var. lucens (Kitam.) Kitam.

Chromosome number at metaphase ts Z2n=18 (Fig. 1 B). The chromosome length
varied from 7.0 to 4.3 .m. Secondary constrictions were found on the short arms of
the largest chromosome pair. Of 18 chromosomes, eight have centromeres at median
position and remaining ten at submedian position, thus, chromosome formula is desig-
nated as 2n=18=2m" +8m+8sm. Mean chromosome length and total chromosome

Table 1. Chromosome numbers and localities of Asrer of the Ryukyu Islands studied.

Taxon Chromosome Localit Voucher
el nurmber{2n) Y number
Aster asa-gravi Nakino 15 Minzamou, Cnna-son, Okinawa-jima. AS001
A mivagii Koidz. 18 Kawata, Higashi-son, Okinawa-jima. AS002
A taiwanensis Kitam. Urauchi-gaw cetomi-cho,
GHih mrunr\ o am. 18 ‘.’IL chi g”awa. Taketomi-cho AS003
var. hecens (Kitam.) Kitam. Iriomote-jiima.
. i - . .l - G ‘ . :
A walkeri Kitam. 18 Agarizaki, Yonaguni-cho, Yonaguni ASO04

nma.




o Asrer

Kanemora: Karvotvpe

March 2000

‘WY g sjuasasdal d8q 9[EDG TSUBIIILIISUOD ATBPUCIAS AIRDIPUI SPEALYMOLTY "R=UZ ‘May/om
WOT CRI=UZ oSyt ) CQT=UZ CSHAN CUBA SISUAUDMIDE Y 1] 'Qe=Ug tnansu
AISY 1y CS[ST NAYNAY AY) Ul 4218 1O BXB) INOJ JO $IWOSOWOIYD aseydriaw anrwog 1 31,

8l S1 S ol S I
\-

v ®

m..m....m_...m.arn
IR IO
m..m“a,.w._~“w_-m



N h

Bull. Bot. Gard. Tovama

4

L's UP2Al e Un A
L1101 o] 9'S6 Moy,
tw 1 £t €C N1 8l s Ll 6% e P Sl
w [ L'y ¢e T Ll ws €T Ok q'c 'l L1
Lu 1 bl 47 0c 9l w g1 1'% £ §1 g1
w 91 6t (re 61 Sl w el [Ah ¥z gl ¢l
s L1 [ £t 61 1! w 'l Y SI+81  0¢ Fl
ws 81 £s e 61 ¢l w 1 ¢y A s R O ¢l
w 91 s Y 1’ z1 w 51 (e 0¢ 0°c T
w £l 1Y (¢ £C 11 w &l 1 [ i'c L
w £l S 1'e T 01 w ¢l [ 6'C e 01
w 'l 9S (re N 6 w 'l Bl 9'e (3 6
w "1 EY 6T L'z 9 L 1°1 s O'C 9'¢ )
w €1 L8 St £C L w £l 6 £ 9T L
w 'l 09 £t Le Y s L 6'¢ L¢ s Y
A 0t 09 'y 0¢ < s t'C 'Y Py N1 S
L 171 £y e 0 T w 'l ¢y <t 0y P
(w 'l [ 'y e ¢ w 11 LY ¢ [23 1
w 11 i Lg 60+ C w Bl &'y ¥e O1+L1 ¢
w <1 (Ve 3¢ 1+2ec 1 w Sl I'L ey NO+H0 [
onui RO wWmALeT  uue Joys oney  IWOL WIREUOT  UUR HoyS
IO : ON LLIG . — "ON
wry (w7 gdua WLy (w77 ) yisua
(QT=UZ) SUadn] "TBA SISUAUDMIDI Y ]O RS ARTE LAV R S 16

$2LIOSOWOIYY aseydelat 31ILWO0S 0 SIUIWSINSLAY *¢ Jjqe] SAUOSOLLIOIYD ASRYdRIDW 31BWOS JO SIUALRINSEA "7 Qe



Kanemoto: Karyorype of Aster

2000

2
&

March

't unaA L't UN2A
L9g 0L 79 (MO ]
w £l e £l (1 q1 w 'l e L1 ¥l ¥l
tu Sl <C ¢l 01 Ll t c'l ¢'¢ 6l 91 Ll
tu ¢l LT 9l 1l 9l L <l [ 6l £l 91
t 'l 8T ¢l £l Sl w Sl (33 (¢ el Sl
Ui 91 9'C 91 'l rl L w1 LY (c Tl vl
w t1 g L ta £l w 1 <y 61 91 ¢l
Lus (e e e {1 cl i ol Y 0°¢ ¢l cl
LU L1 0t 6l 11 11 w L1 [y Q| Ll Il
L 0T 0'¢ (¢ (1 0l s 81 9¢ £z el 01
LI e ¢ ¢ 01 O ws L1 9¢ +7 +1 6
L £l [ 9l #l b L 31 9'¢ €T £l B
t [ e 31 g1 L s 8l V'Y 1 e £l L
L £l ¢t 0'C Sl 9 L 'l O'f [ 9l Y
L ¢l St |2 vl £ tu 'l 't c'c 61 S
L < c¢ ['c ¥l t L ¢l I+ e w1 t
L < S |4 ¥l ¢ t &1 L't | ! ¢
Lu N L't €C L0+6°0 [ w Fl vy ve L0+l [
W Yl L' e L0+6°0 [ w <l C'r L'c N0+ l
ones RO L Wi Uo7 UL Doy ourr UK WIRFUOT W Joys
Loy : "ON WL . = ON
LY (W) Rua WY (e} yrsuary

SAOSOWOLYY aseYdRIALL DIIBWIOS JO SIUIWAINSEI|N ‘G I|GE],

(RI=UZ) MayPM "y Jo

HQ=UZ) WD4F-DSD "y |0

S9WOSOWOIYY SEYdRIOW 21IBLIOS JO SIUAWIAINSED b 3B



6 Bull. Bol. Gard. Tavama No.o

length are 5.6 ,.m and 101.6 .«m, respectively (Table 3).
3. Aster asa-grayi Makino

Chromosome number at metaphase is 2n=18 (Fig. 1 C). The chromosome length
varied from 4.5 to 3.1 xm. The largest chromosome pair showed secondary constric-
tions in the short arms. Of 18 chromosomes, six have centromeres at median position
and the remaining twelve at submedian position, thus chromosome formula is desig
nated as 2n=18=2m* +10m-+6sm. Mean chromosome length and total chromosome
length are 3.7 um and 67.4 . m, respectively (Taple -1).

4. Aster walkeri Kitam.

Chromosome number at metaphase is 2n=18 (Fig. 1 D). The chromosome length
varied from 4.1 to 2.3 ,.m. Secondary constrictions were found on the short arm of the
largest two chromosomes. Of 18 chromosomes, six have centromeres at median posi
tion and the remaining twelve at submedian position, thus chromosome formula is
designated as 2n=18=2m"+12m+4sm. Mean chromosome length and total chromo-
some length are 3.2 ,.m and 56.8 » m, respectively (Table 5.

Huziwara (1957 considered the karyotype of the present species to belong to the
Euaster-type.

Discussion

As previously reported by Shimotomal & Huziwara (1940, 1942), Huziwara (1957,
19651, Martsuda (19700, Miyagi (1973), chromosome number 2n=18 was observed in all
taxa in the present study. Since the basic chromosome number was reported to be
x=0 in the genus Aster (Huziwara 1957, 1965), these four taxa are considered to be dip
loid. Huziwara (1957) recognized the following four tvpes in the karvotype of Asrer.
They are Euaster-type; secondary constrictions are present on a pair of largest chro-
mosomes, Teretiachenium-type: secondary constriction are present in pairs of both
the largest and smallest chromosomes, Tripolium-type; secondary constriction arc
present on a pair of smallest chromosomes and Erigeron-type; no secondaryv constric
LoNn 1S present.

As mentioned above, the karyotype of A. walkeri 1S quite similar to that of A. asa-
grayi and the karyotvpe of these fwo taxa can be considered to belong to the Euaster
type, since secondary constrictions are observed only on a pair of largest chromo-
somes. Thus, Kitamura (1957)" s taxonomic treatment for the taxon: A. asa-gravi Mak
ino var. walkeri Kitam. is cvtologically acceptable. The karvotype of A. raiwanensis var.
lucens 15 similar to the Euaster-type, since secondary constrictions are observed on a
palr of largest chromosomes. However, the total length of chromosomes is twice as
long as those of A. asa-gravi and A. walkeri and chromosome formula is slightlv differ-
ent. According to Kitamura (1937, 1957, Aster nivagii, A. asa-gravi and A, walkeri (=
A. asa-gravi var. walkeri) are included in Sect. Pseudo-calimeris, while A, taiwanensis
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var. lucens belongs to Sect. Ewaster. The above mentioned results agree with the
grouping by Kitamura (1937, 1957} for the most part. However, A. mivagii has secon-
dary constrictions on pairs of the largest and small chromosomes and the karyotype
15 referable to the Teretiachenium-type. Thus, karyotypically, A. mivagii differs from
other two taxa in Sect. Pseudo-calimerts.

I wish to express my gratitude to Dr. Syo Kurokawa (the director, Botanic Gardens
of Toyama) and Dr. Masashi Nakata Dotanic Gardens of Toyama) for their kind and
valuable advice.

¥E . BREHINBESF - E(Aster) 4 27 VADS, EOTHE 2V T Ty v
H DR GRIOHETH T 7F 7 Ol )\;"»f!-‘f="{"l-'3{-l‘.”a‘
MLERFIRS (20 4 Hi L RO BT > 4 IR E N SRIo ge i fha) [ RS G R,
Aster) DVHIGN TV A ThbhLAF TS + F + 7 & ¢ (I Huziwara (1957!?)
A. mivagii Koidz.) ALK E, 2B, bl Teretiachenium-type |27 H R & §5> = &
LSZiE L A 7 /S F Y LA asa-gravi Makino) ° MG IR ot FhTIN/ o bad
N RS, P ARRGE., EEIZ, TN/ pribertl WV R B 0 ;EJZFuaster-type- Tdh -
4 7 LA aiwanensis  Kitam. var, lucens 7. A IRV S8 87DY 8 I N QA B
(Kitam.) Kitam.} 25 &REIZ, 3+ =14/ B LTHH, #MlFERiZEIFIr=4 v/ ¥
¥ 7 (A, walkeri Kitam.) H#* 5 5 E B2 T 4 YEAI/IFIOERETL {f.' Z (Kitamura
(W)E5 1975 1957) e g, 7 F 73R ff
ZALS 4 P HIBE AR (2n=18) L {ER ié;-“ f-*‘:ilit"'f'FF'ii'-':‘r“..'\ fiff 4 Ot Rl 4
2V TERTTIZHEHNIZEE ST S, LR RN ES 2L THL D
Huziwara (19571 (3 & 4 Y @225 HfEIZ A 5 r‘_' TN IFHELE IR PR LT
LRI oWT, R A R fh iR Kitamura {1937,1957/ 2 &k A » o+ g ClX
Vil S L4 (Euaster-type), | CRgkRFEAER K dAEFTES AKXy, AFT A0S
defa it Ll gtk il st s F XA FIFTEIS, T2 F L UA
(Teretiachenium-type), . REEzEHihE N de AN T VWAS, S OISR I
Rl Ziey 5304 (Tripolium-type), 4k % INEERTELDT §> Be —, FLEAY
Al AL uv  Erigeron-typel, D4 DA S JSECEIOR T TSI A
LI EFHEL, HEBVEEDA V /X 2D JES GF oA FSERRAaTVES

Mt Euaster-type 12T 4 2 E AL T ZEMHE MR ST
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New Species and New Records in Hypotrachyna (Parmeliaceae)
Syo Kurokawa!' & Kwang Hee Moon*

l'Botanic Gardens of Toyvama,
12 Ramikutsuwada, Fuchu-machi, Nei-gun, Toyama 939-2713. Japan
2)The Research Institure for Matural Sciences,

Sookmyung Women's University, Seoul 140742, Korea

Abstract : Eleven species of Hypotrachyna (Parmeliaceae! are described as new to
science. They ave M. cinerascens, H. congenita, H. cormenla, H. dahlii, H. ¢longata. H.
endosulphureq, H. kashiwadanii, H. neodigitata, H. punoensis, H. stictifera and H.
swhsplendens. One of them (H. dahlii) 1s known only from Australia and 1we of them
H. corneola and H. nendigitaia} are described on the basis of specimens collected in
Papua New Guinea. The other eight species are known only from Peru, though some
of them mav be more widely distributed in paramo and subparamao regions in South
America. Morphological and chemical features are discussed for each species. [n ad-
dition. two other species of Hvpotrachvna, H. ductvlifera and H. pusiulifera. are newly
reported from Peru.

Key words : new records, new species, Hypotrachyna

In course of our study of the genus Hyporrachvra (Parmeliaceae), we found eleven
new species. Two of them (H. corneola and H. neodigitaia) are described on the basis of
specimens collected in Papua New Guinea and they seem to have wide distributions
in tropics especially in the southern Pacific area. One of the eleven new species, H.
dahlii, 1s named in honor of the late Dr. Eilif Dahl, a Norwegian lichenologist, is
known only from New South Wales in Australia. The other eight species are known
only from Peru at present. These species, however, probably have more wide distribu-
tions in paramo and subparamo regions in South America. Morphological and
chemical features are discussed for each species with reference Lo thelr affinity to the
related species in the present paper. In addition, two other species of Hyporrachyna
are newly reported from Peru in this paper; H. dacrylifera has been known widely from
Mexico, Central and South America (Hale 1975) and India tAwasthi 1976) and H. pustu-
tifera has been considered to be endemic to N. America.

Hypotrachyna cinerascens Kurok. & K.H. Moon, sp. nov. (Fig. 1A)

Hypotrachynae chicitae primo adspectu maxime simile, sed thallo acidum obtusa-
ticum continenti differt. Thallus adnatus ad saxa, albo-cerussatus, 3—6mm dia-
metro, lobis lineariter elongatis, saepe nigricante marginatis, dichotome vel subpal-
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matim divisis, sorediis et isidiis destitutis, 0.5—1.5mm latis, inferne modice
rhizinatis, rhizinis 0.5— 1.5 mm longis. Apothecia non visa.

Thallus foliose, growing over mosses on rocks, whitish lead-gray, 3—6c¢m 1n
diameter; lobes lincar. short, crowded, dichotomously or subpalmately divided, 0.5—
1.5mm wide; upper surface plane, more or less glussy, emaculate, often black
rimmed, with no soredia and isidia: medulla white; lower surface black, moderately to
densely rhizinate. the rhizines black, shiny, sparingly dichotomously branched, 0.5—
1.5 mm long. Thallus 110—135+m thick; upper cortex 5 —7.5.m thick, algal layer
22—26 m thick, medulla 63—86 . m thick, lower cortex about 15.m thick. Apo-
thecia not seen.

Chemistry. Atranorin, obtusatic acid and norobtusatic acid.

Type. Peru. Dept. Cuzco: Berween Abra Hualla Hualla and Marcapata, Prov. Quispi
canchis, on rocks in ‘Puna’ zone, alt. ca 4300 m, H. Kashiwadani 21257 —— holotypc
in TNS.

The unusual chemistry of the present species seems to set apart from other species
of Hypotrachynu. However, the saxicolous habitat at high elevation (about 4300 m) and
whitish lead-gray upper surface of lobes with black rim show the close resemblance
with H. chicitae (Hale) Hale, which is known from Costa Rica, Venezuela and Peru
(Hale 1975). However, these two species are readily distinguished by the difference of
medullary chemistry: the medulla is C + red, containing lecanoric and evernic acids
in H. chicitae, but 1t is C — |, containing obtusatic and norobtusatic acids in H. cineras-
cens.

This new species may be confused with H. protenta Hale, which is widely distrib
uted in paramo and subparamo regions in Central and South America (Hale 1975) and
Africa tSerusiaux 1984). These two specles also have ashy white and black rimmed
lobes in common. However, H. cinerascens contains obtusatic and norcbtusatic acids,
while H. protenta alectoronic and «-collatolic acids in the medulla.

The present new species i1s known only from Peru at present.

Additional specimens examined. Peru. The same as the type, H. Kasiwadam 21544
b and 21550 (TNS).

Hypotrachyna congenita Kurok. & K.H. Moon, sp. nov. (Fhg. 1B:

Species habitu cum Hyporrachvaa consimilis optime congruens, sed lobis densiore
1sidiatis, isidiis coralloideo ramosis et thallo acidum protocetraricum non continenti
eliam differt. Thalus laxe adnatus, cinerascens, 2—35 c¢m diametro, lobis dichotomne
vel subpalmatim divisis, superne dense isidiatis, isidiis cylindricibus vel coralloidibus,
inferne dense rhizinosis, rhizinis dense dichotome ramosis. 0.3 mm longis. Apotehcia
non visa.

Thallus Jooselv adnate on rock, mineral grav. 2—5cm in diameter; lobes linear,
short, crowded, dichoromously or subpaimately divided, 1 —2.5 mm wide: upper sur
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Fig. 1. Habits of Hyvporrachyna species. A: H. cinerascens Kurok. & K H.Moon — holotype.
B: H. congenita Kurok. & K.H.Moon — holotype. C: H. corneola Kurok. & K.H.Moon
holotype. D: H. dahiii Kurok, & K.H.Moon — isotyvpe. Scales indicate mm.
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face emaculate, often black rimmed, densely isidiate, the 1sidia cylindrical and often
coralloidly branched: medulla white; lower surface black, densely rhizinate, the rhiz-
ines densely dichotomously branched, very short, less than 0.3 mm long, more or less
projecting bevond the margin of lobes. Thallus 140— 180 . m thick; upper cortex 12—
18 m thick, algal layer 33—238 «m thick, medulla 75—100 xm thick, lower cortex 20

23 ,em thick. Apothecia sessile, about 1 mm in diameter, amphithecium isidiate; no
mature spore found.

Chemistry. Atranorin only.

Type. Peru. Dept. Cuzco: Around Challabamba, Prov. Paucartambo, on rock in
‘Ceja de Selva’ zone, alt. 2800 m, H. Kashiwadani 22050 — holotype in TNS.

The production of atranorin only in the thallus indicates there are no close rela-
tives but the present new sapecies resembles morphologically very much H. consimilis
(Vain.! Hale, since these two species have similar lobes with 1sidia. Isidia of H. con-
similis, however, are mostly simple, whereas they are well branched in the present
species. In addition, H. congenita 1s also clearly distinguished from H. consimilis by
lacking skvrin.

The present new species resembles H. bogorensis *Vain.. [lale, because these two
species are isidiate and form densely branched rather short rhizines. In adition, #H.
bogotensis 1s distributed in Mexico, Central America, West Indies and South America
south to Peru (Iale 1975). However, H. congenita is readily distinguished from #.
bogotensis by the negative color reaction with C 1n the medulla, since C 1 substances
such as lecanotic acid and gyrophoric acid are lacking in this species.

The present species may be confused with H. costaricensis INyl.] Hale, because these
two specles are isidiate and show negative color reaction with C. However, H. con-
genita 15 much smaller than H. cosiaricensis and the lobes are | —2.5 mm wide.

The present species is known onlyv from Dept. Cuzco in Peru.

Addditional specimen examined. The same as the tvpe, H. Kashiwadani 22051
{(TNS.

[lvpotrachyna corneola Kurok. & K. H. Moon, sp. nov. Fig. 1C)
Thallus ut in Hvporrachvna brasitiana, sed acidum salazinicum continenti etiam dif-
fert. Thallus corticola, adnatus, corneolus, virido-cinerascens, pallido-bubalinus in
herbario, 3—6 cm diametro, lobis sublineariter elongatis, plus minusve imbricatis, 1.5
5 mm lans, superne plus minusve nitudis, soresdiis et isidiis destitutis, inferne
dense rhizinatis, rhizinis ad 0.3 mm longis.

Thallus adnate on bark of tree, coriaceous, mineral gray but turning into ochre buff
in the herbarmum, 36 cim in diameter: lobes sublinear-elongate. 1.5—5 mm wide,
upper surface plane, maore or less glossy, emaculate, often black rimmed only near the
apices, lacking soredia, isidia and pustules: medulla white: lower surface black. rather
densely rhizinate, rhizines moderately to densely dichotomously branched, less than
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0.3 mm long. Thallus 400- 530 s 11 thick: upper cortex 25—30,.m thick, algal laver
subcontinuous, 88— 100 . m thick, medulla 350— 380 /.m thick, lower cortex 37 12«
m thick. Apothecia subsessile, 1 —2 mm in diameter, hymenium about 36 .« m high,
asci 8 X 20 .m, spores colorless, 56 - 7.5 2m,

Chemistry. Atranorin, salazinic acid. consalazinic acid (trace!, connorstictic acid
{trace).

Tvpe. Papua New Guinea. Morobe District: Kaisinik, about 30 km south-east of
Wau, on bark of tree, elevation 1900 — 2000 m, H. Kashiwadani 10765 holotype in
TNS.

The present new species resembles H. brasiliana |INvI0.) Hale, which is known from
south-eastern Brasil. These two species have rather broad divaricate lobes, which do
not form any asexual propagules. The present new species can be clearly distin-
guished from H. brasiliana by the chemistry: H. corneola contains atranorin and salaz-
inic acid and the associated substances, whereas lichexanthone and protocetraric
acid are demonstrated in A. brasiliana.

This species may be also confused with H. boquetensis (Hale! Hale, which also pro
duces atranorin and salazinic acid and lacks asexual propagules (Hale 1974). However,
it forms coriaceous lobes with dense rhizines on the lower surface and produces
smaller spores (5X6—7.5«m/, while H. boquetensis forms membranaceous lobes with
sparse to moderate rhizines and produces spores of medium size (6X 12 xm). In addi-
tion, the new species is known from Papua New Guinea, whereas H. boguetensis 1s
known only from Panama in Central America (Hale 1974, 1975,

The present species 1s known only from the type locality in Papua New Guinea at
present.

Hypotrachyna dactylifera (Vain.) Hale

Even though Hale (1975 nated that pustules are opened apically without formation
of soredia in this species, the pustules seem ro form abundent granular soredia in
some specimens. This fact indicates that the species is very variable in production of
soredia on apices of pustules and sometimes appear to be sordiate on the upper sur-
face of lobes. This species has been reported from Mexico, Central and South
America (Hale 1975, and India (Awasthi 1976). New to Peru.

Specimens examined. Peru. Dept. Cuzco: Between Marcapata and Achubamba,
along the road from Marcapata to Quincemille, Prov. Quispicanchis, on rock in wet
forest in ‘Ceja de Selva’ zone, alt. 2600—2800 m, H. Kashiwadani 21792 (TNS). Uru-
guay. Department of Canelones: Carrasco (Franklin Roosevelt! National Park, on
rrunk of Pinus sp., S. Kurokawa 8461 and 8471 (TNS..

Hypotrachyna dahlii Kurok. & K.H.Moon. sp. nov. (Fig. 1D)
Thallus ut in Hvporrachyna physcioides, sed lohis pustulatis et acidum barbaticum



14 Bull. Bot. Gard. Tovama Nis. o

non continenti etiam differt. Thallus adnatus, cinerascens, 2.5—7.0cm diametro,
lobis sublineariter elongatis, saepe imbricatis, 1. 5—4 mm latis, superne plus minusve
nitidis, leviter maculatis, aliqguando nigricante marginatis, pustulatis, inferne nigris,
sparsim vel modice rhizinatis, rhizinis dichotome ramosis, 0. 2—0.5 mm longis. Apo-
thecia non visa.

Thallus growing over mosses together with Cladia sp., mineral gray, 2.5—7.0 cm
broad; lobes sublinear, short, dichotomously or subpalmately nranched, 1.5—4 mm
wide; upper surface more or less glossy, weakly maculate, sometimes black rimmed,
pustulate on subterminal area of lobes: upper cortex more or less fragile and some
times cxposing the pale yellow medulla: medulla usually pale yellow: lower surface
black, sparsely to moderately rhizinate, the rhizines black, moderately and dichoto-
mously branched, 0.2—0.5mm long. Thallus 160—300 ,m thick; upper cortex 17—
22 sem thick, algal layer continuous, 112—125 xm thick, medulla 150—250 ,.m thick,
lower cortex pale brown, about 20 ¢ m thick. Apothecia not seen.

Chemistrv. Atranorin, secalonic acdid A, colensoic acid, norcolensoic acid, echino-
carpic acid and its related substance (trace).

Type. Australia. New South Wales: Tianjara Falls, between Nerriga and Nowra 1n
the gorge, E. Dahl s. n. — holotype in O and isotype in TNS.

This new species is named in honor of the late Dr. Eilif Dahl, a Norwegian licheno-
logist, who collected a number of lichen specimens in Australia.

Hvpopirachiyna dahlii resembles H. phvscioides (Nyl.) Hale, since these species have
similar sublinear glossy lobes. However, 1t is easily separated from the latter by the
pale yellow medulla and pustules.

This species may be easily confused with H. endochlora (Leight.) Hale, because
these two species have similar lobes with pale yellow medulla, containing secalonic
acid A. However, it 1s separated from the latter species by the chemistry: H. dahlii pro-
duces colensoic and norcolensolc acids along with secalonic acid A in the medulla,
whereas H. endochlora contains barbatic, obtusatic and norobtusatic acids, Morpho-
logically, H. dahiii can be distinguished from H. endochlora by the shorter less than
0.5 mm long! and modeately branched rhizines. While #. encochiora 1s known from
Europe, Africa, Mexico, C. and S. America, West Indies, and [Hawaii (Hale 1973), H.
dehlii 1s known only from the type locality in Australia at present.

Three other species of Hyporrachyna, H. chloring (Miill. Arg.) Hale, H. isidiocera
Nyl.) Hale and H. peruviana (\Nyl.! Hale, producing atranovin and secalonic acid A are
knwon at present. However, they are readily distinguished from the present species
by the morphology: H. chiorina 1s lobulate, H. isidiocera is isidiate and H. peruviana
forms no asexual propagules.

Hypotrachyna elongata Kurok. & K.H. Moon, sp. nov. (Fig. 2A)
Thallus ut in Hyponrachyna lineariloba et H. iongiloba, sed acidum barbaticum conti
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nenti differt. Thallus laxe adnatus ad saxa, cinerascens, 5—8 cm diametro, lobis line-
ariter elongatis, dichotome divisis, subdivaricatis, 1 —3 mm latis, superne emaculatis,
soredils et isidiis destitutis, inferne nigris. modice vel dense rhizinatis, rhizinis
leviter tenacibus. simplicibus vel sparsim dichotme ramosis, 11,2 mum longis. Apo-
thecia non visa.

Thallus loosely adnate on rocks, 58 ¢m broad. mineral gray: lobes linear-elongate
(0.3—2.5 ¢m long!, dichotomously branched, subdivaricate, 1 =3 mm wide; upper sur-
face plane, emaculate, continuous, lacking soredia and isidia: medulla white: lower
surtace jet black, moderately to densely rhizinate, the rhizines black, rather thick and
tough, simple or sparingly dichotomously branched, 1.0—1.2 mm long, usualy
bevond the lobe margin. Thallus about 210 »m thick; upper cortex 7— 10, m thick,
algal layer continuous, 60—65.m thick, medulla 100—112,m thick, lower cortex
brownish, ca 30 «m thick. Apothecia not seen.

Chemistry. Atranorin, barbaric acid, 4-O-demethylbarbatic acid, echinocarpic acid
and unknown substance related to echinocarpic acid (trace!,

Type. Peru. Dept. Cuzco: Between Marcapata and Achubamba, along the road from
Marcapata to Quincemille, Prov. Quinspicanchis, on rock i wet forest in ‘Ceja de
Selva’ zone, alt. 2600—2800 m, H. Kashiwadam 21658 — holotype in TNS.

Although degree of lobe adnation and width seem to be rarher variable, this new
species Is characterized by the often loosely adnate thalli composed of linear-elon-
gate, imbricate and divaricate lobes and resembles very much H. finearitoba {Kurok.)
Hale or H. longiloba 'H. Magn.) Hale. However, the present species is biogenetically
unrelated to the latter two species, because it produces barbatic acid rather than alec-
toronic and a-collatolic acids in the medulla. The only other species with linear-
divaricate lobes containing barbatic acid is H. monilifera (Kurok.) Hale, which is char-
acterized by peculiar moniliform rhizines (Hale & Kurokawa 1964,

This species 1s known only from the type locality in Peru at present.

Hypotrachyna endosulphurea Kurok. & K.H. Moon, sp. nov. (Fig. 2B)

Species habitu cum Hyporrachyna endochlora optime congruens, sed fiffert soraliis
farinosis et acidum colenseicum continenti. Thallus laxe adnatus, virido-cinerascens,
ca 4.5cm diametro, lobis lineariter elongatis, dichotome divisis, plerumque nigri-
cante marginatis, 1—2.5 mm latis, superne plus minusve nitidis, leviter maculatis,
cum solariis capitatis, soredus farinosis, inferne medice vel dense rhizinosis, rhizinis
dense ramosis, 1 mm longis. Apothecia non visa.

Thallus adnate on twigs, greenish mineral gray, about 4.5 cm broad; lobes linear-
elongate, more or less divaricate, dichotomously divided, 1—2.5 mm wide: upper sur-
face plane and smooth, more or less glossy and maculate, commonly black rimmed,
soralia subterminal, capitate, orbicular to diffuse, soredia farinose: medulla pale
vellow in part; lower surface black, densely rhizinate, the rhizines black, densely
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dichcotomously branched. to 1 mm long, often projecting bevond the lobe margin.
Thailus 140—170»m rthick; upper cortex about [2.m thick, algal layer subcon-
tinuous, 25—30 «m thick, medulla 85— 100« m thick, lower cortex 17 —20.m thick.
Apothecia not seen.

Chemistry. Atranorin, secalonic acid A, colensoic acid and norcolensoic acid.

Type. Peru. Dept. Cuzco: Between Marcapata and Achubarmnba, along the road from
Marcapata to Quincemille, Prov. Quispicanchis, on twigs of tree in wet forest in ‘Ceja
de Selva’ zone, alt. 2600—2800 m, H. Kashiwadan 21834 holotype in TNS,

This new species is characterized by the capitate-diffuse soralia, pale vellow
medulla and the roduction of colensoic and norcolensoic acids. Morphologically it
resembles H. endochlora. However, soralia are capitate and soredia are farinose in the
present new species, whereas the latter species i1s pustulate, though pustules soon
becoming granular soredia.

It also resembles H. exsplendens (Hale) Hale and H. pseudosinuosa 'Asahina) Hale,
which both have a white medulla, lacking socalonic acid A. Other secondary products
are also different in these three species. H. exsplendens contains alectoronic and « col-
latolic acids and H. pseudosinuosa protocetraric acid, while the present new species
colensoic and norcolensolc acids.

Mainly on account of the chemistry, this new species apparently forms a species
pair with H. dahlii, a pustulate species, though the common ancestral species with no
asexual propaguie is not known.

This new species is known only from the type locality in Peru at present.

Hypotrachyna kashiwadanii Kurok. & K.H. Moon, sp. nov. (Fig. 2C)

Thallus similis ut 1n H. chlorina, sed acidum colensoicum et acidum norcolensoicum
continenti differt. Thallus adnatus ad saxa, {riabilis, virido-cinerascens, 2—6 cm dia-
metre, lobis subirregulariter divisis, 2—6 mm latis, superne plus minusve nitidis, raro
nigricante marginatis, lobulatis, lobulis numerosis, laminahbus et marginalibus, saepe
divisis, aegre ciliatis, inferne nigris, rhizinatis, rhizinis ca 1 mm longis.

Thallus adnate on rocks, fragile, greenish mineral gray but pale cchre-yellow in the
herbarium, 2—6 cm broad: lobes sublinear-elongate, short, subirregularly divided, 2
6 mm wide, upper surface more or less glossy, emaculare, rarely black rimmed, lob
ules often dense, marginal and laminal, often elongate, simple or dichotomously
branched, scarcelv ciliate; medulla pale vellow; lower surface black, sparsely or moder-
arely rhizinate. the rhizines black, dichotomouslv branched, about 1 mm long. Apo-
thecia sessile, to 2 mm in diameter. no mature spore seen.

Chemistry. Atranorin, secalonic acid A, colensoic acid and norcolensoic acid.

Type. Peru. Dept. Cuzco: Machupicchu (around Aguas Calientes!, Prov. Urubamba,
on rocks in mixed forest in lower part of ‘Ceja de Selva’ zone, alt. 2100—2200 m, .
Kashiwadani 22129 — holotype in TNS.
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The pale yellow medulla and the production of dense lobules are characteristic of
this species. The chemistry strongly indicates the present species Lo be closely
related to H. duhlii and H. endosulphurea and may be considered to be the lobulate con-
terpart of them.

The present species may be confused with H. chlorina, because these two species
have a similar pale yellow medulla and dense lobules on the upper surface and mar-
gins of lobes. It contains colensoic and norcolensoic acids, while the latter seems to
be related to the H. pir_vm‘m‘dé.s- group (Kurokawa 1986) and produces barbatic acid and
the related substances.

This species might be misidentified as H. isidiocera (Nyl.) Hale, a clearly isidiate spe-
cies with yellow medulla. However, H. isidiocera 15 also related to the H. phvscioides
group.

Although the holotvpe is unfortunartely sterile, a few apothecia were found 1n the
specimen cited below. However, no mature spore 1s found. At present, H. kushiwadanii
is known only from Machupicchu area in Peru.

Additional specimen examined. Peru. The same as the type, H. Kashiwadani 22130
(TNS).

Hypotrachyna neodigitata Kurok. & K.H. Moon, sp. nov. (Fig. 2D)

Thallus ut in Hyporrachvna physcioides, sed lobis dense lobulatis differt. Thallus corti-
cola, adnatus, friabilis, ciierascens, 2.5—5c¢m diametro, lobis sublineariter elon-
gatis, 1—3 mm latis, superne plus minusve nitidis, emaculatis. desnse lobulatis,
lobulis laminalibus et marginalibus, saepe divisis, plerumque ciliatis, inferne dense
rhizinatis, rhizinis ca 0.5 mii: longis. Apothecia non visa.

Thallus adnate to barks of trees, fragile, mineral gray, 2.5—5 c¢m broad: lobes sub-
linear elongate, subirregularly divided, | —3 mm wide: upper surface more or less
¢lossy, emaculate, continuous, becoming densely lobulate on the surface as well as
along the margin, lobules dichotomously branched, usually ciliate, less than 1.0 mm
wide: medulla white; lower surface black, densly rhizinate, the rhizines forming a mat
on lower surface as well as along the margin, densely dichotomously branched, up to
0.5mm long. Thallus 100—130 m thick: upper cortex 5.0—7.5 xm thick, algal
layer 17—25 nm thick, medulla 62—75 ,.m thick, lower cortex 17—20 nm thick.
Apothecia not seen.

Type. Papua New Guinea. Central District: Around Woitape, on bark of trees, eleva-
tion about 1550 m, S. Kurokawa 9210 holotype in TNS.

Chemistry. Atranorin, barbatic acid, 4-O-demethylbarbatic acid, obtusatic acid and
norobtusatic acid.

The present new species apparently belongs to the H. physcivides group (Kurokawa
1986, which 1s characterized by the productien of barbatic acid and its related sub-
stances and the adante to loosely adnate thallus. However, it is distinguished from the
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other species of the group by having dense lobules on the surface and along rhe mar-
gins of lobes.

Morphologically it resembles H. ensifolia (Kurok.) Hale, from which it 1s easily distin
guished by the adnate thallus and by the production of harbatic acid rather than alec-
toronic acid.

The present new species could be easily misidentified as H. stevermarkii {Hale! Hale,
a rare species endemic to Venezuela. Even though these two species have procum-
bent dorsiventral lobules, the lobules of H. steyermarkii seem to have initiated from
cvlindrical isidia mostly formed on the upper surtace of lobes. In contrast, lobules in
this species are formed mainly alerg the margin of lobes and no cytindrical isidia are
found.

The present species may be also confused with H. chloring, from which 1t i1s readily
distinguished by the white medulla lacking secalonic acid A.

This new species is known from the Phillipines and Papua New Guinea at present,
but it seems to be widely distributed in southern Pacific areas.

Other specimens examined. The Philippines. Luzon: Heald Lumber Co. logging area
No. 9, about 10 km north of Mt. Data, Mountain Prov., virgin pine forest, elev.
about 1800 m, M. E. Hale (26092 and ]. Banaag (TNS). Papua New Guinea. Central
District: The same as the tvpe, 5. Kurokawa 9209 (TNS): About 2 km north of Woitape
Airstrip, elevation 1200—1350. H. Kashiwadani 12035 (TN3).

Hypotrachyna punoensis Kurok. & K.H.Moon, sp. nov. (Fig. 3A)

Thallus ut in H. costaricensis, sed differt lobis pustulato-sorediatis. Thallus corti-
cola, adnatus, cerussatus, 2.5—5cm diametro, lobis irregulariter elongatis, saepe
imbricatis, 2—5 mm latis, superne emaculatis, pustulato-sorediatis, inferne sparsim
rhizinatis, rhizinis simplicibus vel dichotome ramosis. Apothecia non visa.

Thallus adnate to barks of trees, lead gray to dark gray, 2.5—5 cm broad: lobes
irregular, often imbricate, 2—5 mm wide: upper surface plane, emaculate, minutely
pustulate near the apices of lobes, rhe pustules soon opened and sorediate at the top:
medulla white; lower surface black, distinctly wrinkled, sparsely to moderately rhizi-
nate, the rhizines black, rather coarse, simple or rarely dichotomously branched, 1 —
1.5 mm long. Thallus 150—170 . m thick: upper cortex 12—15m thick, algal layer
continuous, about 63 xm thick, medulla 62—85,m thick, lower cortex 13—15,m
thick. Apothecia not seen.

Chemistry. Atranoirn and an unidentified fatty acid.

Type. Peru. Dept. Puno: Cara Cara, near Pucara, Prov. Lampa, on bark of Polviepis
racemosa 10 Polviepis racemosa forest, alt. 3900 —4000 m, H. Kashiwadani 22318 -
holotype in TNS.

The prescent new species seems to be related to H. cosiaricensis, because they both
nave similar irregular rather wide lobes. However, it is clearly distinguished from the
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latter by having pustules opened and sorediate ar the top at terminal and subterminal
zones of lobes. These two species also produces fatty acid. Crvstals similar to those
vielded by caperatic acid are usually demonstrated in GL (glycerin + acetic acid, 1 @ 3}
In H. costaricensis. In contrast, acetone recidue of the present species yields crvstals
similar to those of protolichesterinic acid in GE. though the substance has not been
positivelv identitied with prortolichesterinic acid. Even though this new species mor-
phologically resembles very much H. cosraricensis. these two species can not be consid
ered to form a species pair mainly because they set apart chemically each other.

Hypotrachyna pustulifera (Hale! Skorepa (Fig. 3B)

The present species was first recognized as fluorescent negative indivisuals among
specimens of Parmelia formosana |= Hypotrachvna osseoalbida 'Vain.) Park & Hale) by
Hale (1972a). Morphologically 1t closely resembles the latter species, but cortical sub-
stance lichexanthone in H. osseoalbida seems to be completely replaced by atranorin
in H. pustulifera.

This species has been reported from West Virgima, Tennessee, Georgia, Alabama,
Mississippt, Arkansas, Oklahoma and Texas in the nited States. In other words, it
has been considered to be endemic to North America (Hale 1972a, Skorepa 1983). The
range i1s now extended to Peru in South America.

Specimen examined. Peru. Dept. Cuzco: Around Challabamba, Prov. Paucartambo,
on bark of Afnus in ‘Ceja de Selva’ zone, alt. 2800 m, H. Kashiwadani 21906 (TNS.

Hypotrachyna stictifera Kurok. & K.H.Moon, sp. nov. (Fig. 3C)

(Quoad habitum et fabricam internam loborum ad Hyperrachyna crenara accedit, sed
ab ea differt thallo sorediato. Thallus corticola, adnatus, cinerascens, ca 3.5 ¢m dia-
metro, lobis subirregularibus, 1 —3 mm latis, superne leviter maculatis, sorediatis,
sorediis farinosis vel granularibus, inferne sparsim rhizinosis, rhizinis modice
dichotomeque divisis. Apothecia non visa.

Thallus adnate on barks of trees, mineral gray, about 3.5 cm broad: lubes irregular,
I —3 mm wide; upper surface plane, faintly maculate, continunus, sorediate especially
near the top of lobes, soredia tarinose to granular: medulla white: lower surface black,
sparsely rhizinate. but blackish brown and naked in rather broad zone near the top of
lobes, the rhizincs moderately dichotonmously branched, less than (.5 mm long.
Thallus &0—110.m thick; upper cortex about 10, m thick, algal layer 12—15,m
thick, medulla 50 =70 . m thick, lower cortex about 10 m thick. Apothecia not seen.

Chemistryv. Atran rin, stictic acid and norstictic acid {minor .

Type. Peru. Dept. Cuzco: Machupicchu taround Aguas Calientes!), Prov. Urubamba.
on bark of tree in mixed forest in lower part of ‘Ceja de Selva’ zone, alt. 2100 —2200
m, H. Kashiwadani 22272 - holotype in TNS,

This new species is characterized by the presence of soredia and the production of
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slictic acid. Stictic acid 15 one of the rare secondary products in Hypotrachyna and has
been reported in only three other species: H. crenara |Kurok.! Hale (Hale & Kurokawa
1961). H. lopezii Hale (Hale 19750 and H. thryprice 'Hale! Hale (Hale 1972b). Among
them. H. {opezii belongs to the H. caraccensis | Taylor) Hale group with linear-elongate
divaricate lobes producing usnic acid. H. #nvpiica, an Indian species, might be con-
fused with the present new species but it 1s pustulate and the pustules do not seem to
produce soredia as Hale (1972b) mentioned as “pustulis crassis, apice eruptis sed non
sorediantibus” in the original description. H. crenata may be most closely related to
the present species, since they have similar thalli. However, H. crenara 1s isidiate
ralher than sorediate.

This species 1s known onlv from Dept. Cuzco and Dept. Pasco in Peru at present.
[However, it appears to be more widely distributed in forests distributed 1500 — 2200 m
above the sea level. )

Additional specimen examined. Peru. Dept. Pasco: Nagazu, about 13 km E of Pau-
cartambo Bridge near Villarrica, on bark of tree in forest in ‘Selva Alta’ zone, alt. ca
1500 m, H. Kashiwadani 22155 (' TNS).

Hypotrachyna subsplendens Kurok. & K.H.Maoon, sp. nov. (Fig. 3D)

Thallus ut in Hypotrachyna densirhizinata, sed acidum protocetraricum continenti dif-
fert. Thallus corticola, laxe adnatus, cinerascens, 5— 8 cm diametro, lobis hineariter
elongatis, utihiter divaricatis, imbricatis, superne emaculatis, sorediato-pustulatis, 2—
A4 mm latis, inferne dense rhizinats, rhizinis dense dichotome ramosis. Apothecia non
Visd.

Thallus loosely adnate on bark of trees, whitish mineral gray, 5—8 cm broad, lobes
linear elongate, usuaily divaricate, imbricate but often separate at the periphery, 2—4
mm wide: upper surface plane or more or less convex, continuous, emaculate,
sorediate-pustulate near the tips, soralia sometimes capitate: medulla white: lower
surface black, densely rhizinate, the rhizines sometimes projecting beyond the mar-
gins. densely dichotomously branched, rather short, often less than 0.5 mm. Thallus
210—240 ,.m thick; upper cortex abourt 26 ,.m thick, algal laver continuous. 62 —75 .
m thick, medulla 110—130m thick. lower cortex 12— 15 »m thick. Apothecia not
seen.

Chemistry. Atranorin and protocetraric acid.

Type. Peru. Dept. Cuzco: Around Challabamba, Prov. Paucartambo, on bark of
Alnuws sp.in "Ceja de Selva’ zone, alt. 2800 m, H. Kashiwadani 21872 —— holotype in
TNS.

Morphologically this new species resembles H. densirhizinara (Kurok.) Hale, since it
has looselv adnate thalli composed of linear elongate lobes. However, it 1s clearly dis-
tinguished from the latter by producing protocetraric acid rather than alectoronic
acid in rthe medulla.
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This species may be confused with H. psendosinuosa, since these two species pro
duce atranorin and protocetraric acid. However, the lobes are linear elongate and
have densely branched dense rhizines on the lower surface in A. subsplendens. whilest
the thallus s rather tightly adnate and composed of short lobes with sparingly
branched rhizines in H. pseudosinuosa.

The present species 1s known only from Dept. Cuzeco in Peru at present.

Additional specimen examined. Peru. The same as the tvpe, H. Kashiwadani 21873
(TNS).

We express our sincere thanks to the late Dr. Eilif Dahl of the Herbarium of the
Botanical Garden and Museum in Oslo, Norway, who placed his interesting lichen col-
lections at our disposal.
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Notes on the Epiphytic Lichens on Fagus crenata
in Mt. Tateyama, Toyama Prefecture, Central Japan

Heinal Shibuicht!' & Kozo Yoshida®

'S Kakinuma, Kumagaya, Sattama 360-0803, Japan
Zimaitama Museum of Natural History,
1417-1 Nagatoro, Chichibu-gun, Saitama 369-1305, Japan

Abstract : Seventy four species of lichens are recognized as epiphytes on trunk of Fa-
eus crenata i Buna-zaka, Mu. Tatevama, Tovama Prefecture, Central Japan. Twenty
two of them are newly recorded for Tovama Prefecture. Although they are mostly
common also on trunk of beech in orther areas of Japan, lichens containg blue green
algae as phycobionts were found rather frequently among the epiphytic [nhose li-
chen species, They seem 1o be adapted 1o a snowy wet condition 1n winter for about
[ive months a vear in this area.

Key words : epiphytic lichens. Fagus crenara, Ni. Tateyama
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I Alectoviaceae k48 2 1) F)

I Sulearie sulcara 'Lev.) Bystr. ex Brodo & D. Hawksw., 232 % 14 % /1)
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2 Anziaceae 7 T H

2 Anzia colpoe Vain., 7 T4 E N F

*3 0 Anzia hypolencoides Mall. Arg. AL 7 5T
¥4 Anziw japonica Tuck.) Mull. Arg. 7 > 7 rFI0F
D Anzia opuntiella NOIl, Arg, 7 204

3  Brigantiaceae 4K TR

6 Brigantiaea ferruginea (MUl Arg,) Kashiw, & Kurok., # {i0r
4 Cladoniaceae 7> 74 ¥

T Cladonia ochrochlora Florke %y 4. 20

8 Cladonia ramdese [With,) | R, Laundon = AL 24704

9 Cladonia squamosa (Scop.) Hoffm. var. squamosa ™7 0 I35 T4

Coccocarpiaceae #7777 7

[}

*10  Coccocarpia ervihroxvii (Spreng.) Swinscow et Krog ¥ 7 F v 7 7 0%
Ll Coccoocarpia palmicola (Spreng.! Arv.et D, ]. Galloway ZI-+-#47 % 0%

6 Collemataceae 17/ H
12 Collema lepralenm Tuck. var, lepralewm 1 27177 R0 T4
*13  Collema rugosum Kremp., b7 #4730 o0
*14  Lepiogivm asiaticum M. Jorg.
15 Lepragium burnetiae C. W. Dodge
16 Leprogium cvanescens (Ach.) Korb, +-FL 74 % 7Y
17 Leprogium pedicellatum M. Jorg., T AT %71
18  Lepiogium pichnenm [Ach.) Nyl, =G+ 74+ /1)
19 Lepogivm satwrnimem (Ach.) Nyl.

Graphidaceae 3 7 #
*20  Graphina deserpens |Vain.) Zahlbr., &) =3 27
21 Graphis rikuzensis Wain.) M. Nakan. 37/ <3 0%

8  Gvalectaceae 7 I
*22  Dimerella pineri {Ach.) Ve zda

9 Lecanoraceae Fv L 7I7H
*23  Lecanora cinereofusca H. Magn., ¥ < -5+ 2 70
24 Lecanora yasudae Zahlbr., T ¥ A 04
*¥25  Tephromela ava (Huds.) Hafellner > o (3804
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16

17
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Lobariacea
*¥20  Lobaria fuscotomentosa Yoshim, 77 ¥ 0.5 014

27 Lebaria isidiophora Yoshim,  FF L5 7 T30

28 Lobario orienialis (Asahina) Yoshim. -+ AZ#H 7 0

29 Lobaria retigera (Bory) Trevis, -FF LA 7 a4 x4+

30 Lobaria spathidata (Inumaru! Yoshim., ~Z2 4 ¥ 0707

31 Sticia nylanderiana Zahlbr, 7 'U/n50 o T

Megalosporacese 710 25K 2§

32 Megaluspora tbercalosa |F é¢) Sipman 48 34080 078
Mycoblastaceae 797 H I0¥

33 Mycoblastus japonicus MUll. Arg. 7074 07

Nephromaiacea w7 L I §

3 Nephromu helveticom Ach, 77 3744 T F¥

Pannariaceae / v+ ¥ 7 T4 §

*35  Fuscopanna viachineri (N, Jorg,) M. Jerg, 3752 A 25 0
36 Fuscopamaria leucosticta {Tuck,) M. Jorg., 12 A5 0%

37 Pannaria conaplea | Ach.y Bory I 7 F 0+ 5 T7

Parmeliaceas 7 4 /% T45H

*38  Cerrelia hravnsiona (Nl Arg,) W, L, Culb. et C. F. Culb.

39
*10)
11
12
43
*14

45

Pelugeraceae 7 A

46

Per

17
%18
*49

bt

Menegazzia terebrata (Hoffm.) A. Massal.

Myeloclou gatbing 1 Ach.) Elix er Hale

Myelochroa (rrugans

Parmelia fertitiy Mull. Arg, F%F @
Parmelia laevior Nyl. 71 /0

Parmelia marmariza Nyl Pl v B i
Parmelia praesquarrosa Kurok., A %

i

Peltigera polvdacivla | Necker) Hoffm.

tUSArTACE ALV IR i i o =
Ochrolechia akagiensis Yoasuda 7 35

Octunlechia pallescens (L. AL Massal.
A. Massal.

(Vain.

Cehirolechia rartarea

Ochirolecia trochophora Ushio

(Nyl.} Elix et Hale
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ol Pertusario commnuata Mill, Arg, B A By oy
Pernsaria planca Zahlbr,

03 Pertusaria laevigande Nyl, 377017

b Pertisaria mendax NMull, Are.

55 Permsaria mudiipuncia UTurner) Nyl
06 Pertisaria pertusa (L) Tuck,

57 Perwusaria quartans Nyl A4 T2 Moy T4
a6 Pertusaria subfailens Vain, # /3207

% Pertusaria sublaeviganda Vain., 7%/ AT

o Pertnsaria subobducians Nyl, ¥ A7 HH g o7

Wl Pertmsaria velewa Turner) Nyl. 22 Yoy

1%

Phvsciaceae 4057 24 F

02 Buellia discijormis (Fr.) Mudd A 2 {4004

19

[t
2

63 Anapnchia isidiza (Kurok.) Kurok, bbb 275397004

Gl Anaprvchia patundare (Michx.) Vain, b A 772 o
Heterodermia hvpoleuca [Nuhl)) Trevis. W Z a4y o oy

66 Heteroderniia microphylla (Kurok.) Swinscow & Krog F-FL w5 007 rs o4
07 Phacophyscia hispidula | Ach.! Moberg

08 Phaeophyscia imbricata 'Vain.) Essl. #7790 7204

BY  Physconia grinosa Kashiw, et Poelt /7 7 2 207

Pyvrenulaceae
70 Pwenula japenica Kurok, 74/ AH 307

Ramalinaceae #7 7 + I 7§

Tl Runading conduplicans Vain, 53 %+ 3%

Teloschistaceae 7O A5 Z 7 F

2 Caloplaca flavorubescens [Huds.) J. R. Laundon %74 % 1 4

Trvpetheliaceae b Yo7 7TF

13 Pseudopyrenula cinereoglanceseens Vain, 7 /& LAER s

Impertect lichenized fungi A~7E a1

74 Normandina pulchella |Borrer! Nyl. /L= oy

DTARE LG Tori T A = kb T4 K S (6.8%) 24 d, BHEREKE LT

55.4% ) . Wik £26HE (37.8% ), BHHEIk 3 EIRTE 12, N T RO (¥

24

~
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BREL AETEL6DEITTHL28MIEL Twd, L 28ERRDENTEORE
L Th=7 A48T '.-lr-:‘ NURAC g’ £ - EOWMEFEIEE L e b ) KRR
@y kNS I AT, SRR (10800 (XA Y ALOTHS

AN RS D 2 T iy $7:.Table ] # 42 L BPRMEDINTT >
Qo70) XN TE R EFhEiEo 7 R I b D E (Cyanolichens) %%
FZAET LKW T 4L, 7D WwWhiZ®/ T, ”-1 D E T .,}"UCIFII i {41
BHEIC LI (1066) 12 FEFILE E:1110) =1 A ) 04 &R A BITHAT ¥ BREKTH
Y W (Tsuga diversifolia) & N\ & [F0 71 7% r-fu N O ] J'-'E D 7 Hh ﬁ-ﬁ‘i’ Hiorr— %
7 (Larix kaempj'eri- W22 T MR (1985) 13 (Tablel ) ElE®3 2L, I XF TR XY
MHED I X- {Quercus crispula) , T A ‘ff', HIIVEIIRSTTHTIES o #EH
YA T .'J‘:l"“i'f: Lvd, ¥, FHMH (1988 b A HEEME 2 Twd, T Th
LG EUL BBk R Ay G - LT A7 AR TIXEMOMEHBILS A .
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\Picea jezoensis var. hondoensisl, > 7 2/ et o 7 — e ECER) . RS U] (R 0] =
Abies veirchii} & El2 200 TENT VL, = Gt W OEIRIKEEA S RIS ER Y 5 2
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Table 1. Number of species of epiphytic lichens and ratios of folinse, fruticose and crustose
lichens on trunks of various trees in montane and subalpine areas of Central Japan.

£ ! LA
. ; Number of Foliose ') e :
I'rie Lowcality Authar . w Fruticose (%) Crustiose (%
speCles |LYanouncnenst™
Fugay crent Nikko, Tochigt Takaokal 1959 1A T (08, 7 187 15032, €
SCIR. 5
M. Hakusan. Ishikawa Nakanishi! 1970 6l 3 155, 7 5.2 2036, 1
b
i [ T ma, T n i | 55, 206,68 280378
Ti41.5
Cuercns oriaple MNikkn, Tochim Crzawa {55 5 1 (&0.0 0 1020, 00
{}
T diversyfolia MuOnake, Nagano Makanishi | 196 23 14 (609 T ! DR T
Py
= Nikko, Tochig Crawa (1985 12 G (50 DAL T 118.3
Ll
Lairen Kaempferi MUY alsugatake, Naga Makanizhi | 1966 A0 13 1433 A7) Y.
[N}
3 Chichibu, Sarams Yoshida | 1988 ] b, 2 331309, 8
Mt Yaisugarake, Nagano 3t a0
Pines denvitlora + i 13 {78, | il
li1]
Pivea feroenyis ” % 32 23 17199 Y28 1
L Bmgdear s i 4.3
Vies veitcdn b - 14 429 174, 6 201
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Tuble 2. Vertical distribution of lichens on trunk of Fuews crenara.
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In Vitro Culture for Preservation of Triploid Senno
(Lychnis senno Siebold et Zuce., 2n=36),
a Valuable and Rare Ornamental Plant

Toshinari Godo!', Takayoshi Oku#', Masahiro Miti®' & Masashi Nakata!

UBotanic Gardens of Tovama,
47 Kamikursuwada, Fuchu-machi, Nei-gun, Toyama 939-2713, Japan
2tLaboratory of Plant Cell Technology, Department of Horticulture,
Chiba University, 548 Martsudo, Matsudo, Chiba 27100192, Japan

Abstract : A protocol for preservation of Lychnis senno Siebold er Zucce. was estab-
lished by aseptic plantlet cultures. However, it was revealed that preservation of
germiplasm as a callus was nor suitable because ot the loss of regeneration ability as-
sociated with polyploidization of the callus. The chromosome number of L. senno was

Key words : Lvchnis sennn, preservation, triploid

Lychniy senno Siebold et Zucc. (=Lyvchnis bungeana (D. Don) Fisch.), Caryophyllaceae,
Japanese name: Senno, 1s native to China and has been cultivated in Japan as an orna
mental plant. Although this species still has a high ornamental value, 1t 1s now culti
vated commercially only in Shimane prefecture for ornamental use and not much at
tention Is payed on this plant among Japanese botanists and horticulturists. One of
the main reasons why it has not been cultivated widelv is its difficulty in seed propa-
gation, because of the sterility with little or no viable seed production. Therefore, L.
senno s usually propagated by division or cutting, and thus al! the plants distributed
in Japan at present are considered to be the same clone. Rare and clonally propagated
plants is potentially endangered to extinction by harmful insects, pathogens and vari
ous climatic hazards owing to its genetic uniformity. Therefore, it 1$ necessary to es
tablish an 1n vitro culture system which 1s the most usetul method for preservation of
sterile plants such as L. senno.

In Lvchnis, in vitro propagation by multiple shoots has been reported for L. coronata
Thunb., L. kiusiana Makino and L. sieboldii Van Houtte [Furuya 1997). In this report,
we describe in vitro culture of L. senno, a valuable and rare ornamental plant, for con
rinuous preservation. Moreover, we also clarified the chromosome number of L.
senno, 2n=36 which 1s presumed to be triploid.



Materials and Methods
Plant marerial
A plant of Lychnis senno (accession no. 38279, Fig. 1) grown in pot in the greenhcuse
of Datanic Gardens of Toyama was used as the material. Originally, the plant was in-
troduced from Kashima, Shimane prefecture, Japan in October, 1997,

Culiuy nduction and maintenance

Fig. 1. The material plant, Lyvchnis senno Siebold et Zucc.
laccession no. 38279) culrured in the greenhouse of

Boranic Gardens of Toyvama.

Two voung (immediately after full expansion! and two old (one more week after full
expansion! leaves were removed {rom the plant grown in the greenhouse. They were
surface sterihized with 1% sodium hypochloride solution for 10 min, washed twice
with sterile distilled water, and cut into abour 5*5 mm segments. Then they were
placed on 2 g/l gellan gum (Phytagel: Sigma Chemical Co., St. Louis, USA) -solidified
M5 Murashige and Skoog 19620 medium conraining 1 mg/l BA (6-benzylamino pu:
rinel, 1 mg/l NAA la naphthaleneacetic acid) and 30 g/ | sucrose, and cultured at 25C
under 16 hr light at 55 »amol m =5 1. The medium was adjusted to pH 5.8 before ster
Hized by autoclaving at 120 C for 15 min. After 6 months of culture, imtiated calh
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were subculiured for propagation and preservartion on fresh medium of the same com
posttion as callus induction.
Organ Differentiaiion

All cultures were incubated at 25°C under 16 hr light at 95 pmol m °S 1.

Hard tvpe calli 10 months after induction were transferred ro MS medium contain
ing NAA L, T mg/l and BA (0.1, 1, 10 mg/ll for differentiation of organs. Hard -type
calli were also transterred 20 months after induction to MS medium containing 0.1
mg/l of NAN and 1 or 10 mg/| of three commercial products of zeatin trans-zeatin:
Nacalar Tesque Inc., Kyoto, Japan, zeatin trans isomer: Sigma Chemucal Co. and zea-
tn mixed isomer: Sigma Chemical Co.).

Similarly, soft-tvpe calli 20 months after induction were transterred to MS medium
containing 0.1 mg/l of NAA and 1, 5 or 10 mg/l of trans-zeatin, zeatin trans isomer or
zeatin mixed isomer.

Establishment and preservarion of in vitro planis

For establishment of in vitro plant cultures, two stems were excised from a green-
house plant, and sterilized for 10 min with NaQC!| solution 1% active chlorine’ with a
few drops of Tween 20 after removing the leaves, rinsed with 100 ml sterilized water
in 200 ml Erlenmver flasks, and shoot apex and axillary bud were cut off from stems.
And these were placed on 1/2 MS medium thalf strength of MS mineral salts, full
strength of MS organic acids, 20 g/l sucrose and 2 g/l gellan gum) with or without 0.2
mg/l BA. These cultures were incubated at 25 C under 16 hr light at 110 xmol
m 25 1. For propagation and preservation, nodes which has a pair of axillary buds of
in vitro plants were transferred to fresh 1/2 MS medium without phyvtohormones
isingle node method: Pierik 19971,

Chromosome observarion

For chromosome observation of mother plant and in vitro plants, fresh root tips of 5
mm long were cut and pretreated with 2 mM 8-hydroxyquinoline solution for 4 hr at
17°C. and fixed with the Farmer’s fluid | 1:3 mixture of glacial acetic acid and etha-
nol) for over 24hr at 5 C. The [ixed root tips were macerated in a mixture of 1 N HCI
and 45% acetic acid | 1 : 1) for 15 sec at 60°C, and the meristematic region of the root
was stained with | % aceto-orcein. The chromosome preparation was made by squash-
ing method.

Flow cviometric analvsis

Nuclear DNA contents of the hard-tvpe or the soft-type callus and a leaf tissue of
in vitro plant as a control were measured by flow cytometry. Each tissue sample was
chopped with a scalpel in a plastic Petri dish containing 1 ml of a high resolution DNA
staining kit type P: solution A (Partec GmbH, Munster, Germany! and added with
DAPI staining solittion (Table 1. The suspension was filtered through a 40 »«m nvlon
mesh to remove large tissue and incubated for 10 min at 25T, All samples were ana
lvzed wirli a Partee PA (Partec! flow cytometer.
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Table 1. Composition of DAFPI staining
seiution for flow cytometric analysis.

Tris 10 mM
Sodium citrate 50 mM
MgCl2 2 mM
PVP K-30 1 % (W/v)
Triton X-100 0.1 % (wiv)
DAPI 2.5 mg/l

pH 7.5

Results

Induction of callus
All of the voung leaf segments induced hard-type calii occasionally with roots (Ta-

ble 2). Although 37.5% of the old leaf segments also induced hard-type calli, a half of
the segments died because of fungus contamination (Table 2). These calli showed con-
tinucus growth on the same medium as that for callus induction. After one year of
subculture, soft-type calli showing more vigorous growth were induced around the
hard-type calli.
Differentiation experiment

Adventitious roots were differentiated from 10-month old caili on all media except
for that containing 10 mg/l BA and 0.1 mg/l NAA (Table 3). The highest root regen-
eration rate (76.2%) was recorded on medium supplemented with 0.1 mg/l BA and 1
mg/l NAA. However, shoot regeneration was not observed at all. In contrast, both
hard and soft 20-month old calli never produced any organs 1n all the media tested.
Establishment and preservation of in vitro plants

Seven our of 10 buds grew into plantlets after 1 month of culture on plant growth
regulator-free 1/2 MS medium, whereas, only three out of ten buds cultured on 1/2
MS medium supplemented with 0.2 mg/ | BA grew into plantlets. The plantlets initi-
ated on plant growth regulator-free 1/2 MS medium were subsequently propagated by

Table 2. Callus induction from leal segments of Lychnis senno after one month of culture.
) . only callus callus with roots browning contamination
No. of explants (%) (%) (%) (%)
young leal 16 62.5 375 0 0

old Icaf 16 17.5 0 12.5 50
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Table 3. Concentration of plant growth regulators on the differentiation of
hard-type callus of Lychnis senno.

Plant growth regulator

(mgfl) Shoot Root
regeneration (%)  regeneration (%)

BA NAA
0.1 0.1 0 14.3
1 0.1 0 143
10 0.1 0 0
0.1 1 0 76.2
1 1 0 143
10 1 0 9.5

The data were recorded after 2 months of culture.
Values are mean average of three dish,

single-node method. Since most plantlets readily rooted on this medium, a clonal line
of Lychnis senno was established by in vitro method (Fig. 2).
Chromosome number and flow cviometric analysis

Chromosome number of the plant of Lychnis senno (No. 38279) grown in the green-
house was determined to be 2n=36 (Fig. 3a). Chromosome numbers of in vitro initi-
ated plants as well as in vitro propagated plants were also counted to be 2n=36 (Figs.
3b, ¢). Thus, in vitro propagation by the single-node method used in present study
gave no effect on chromosome number of the species. Flow cytometric analysis re-
vealed that nuclear DNA contents of the hand and soft-type callus were twice (Fig. 4b)
and 4 and & times (Fig. 4c’ of that of the original plant, respectively.

Discussion

In vitro culture technique is important for preservation of valuable endangered
plants. Generally, callus cultures has several disadvantages for germplasm preserva-
tion such as a change of chromosome number and loss of plant regeneration ability.
Nakano & Mii (1993) reported that calli of Dianthus and Gypsophila, both of which be-
long to the same family, Caryophyllaceae as Lvchnis, lost shoot regeneration ability
during the culture. In the present study, the calli of L. senno were shown to be highly
ploidied level during the culture and they had already lost shoot regeneration ability
on media with various cytokinins 10 months after callus induction. In lily, it has been
reported that callus cultures maintained both original diploid level and a high poten-
tial for shoot regeneration for more than 4 vears (Godo er af. 1998). However, callus
culture was revealed to be useless for in vitro preservation of L. senno.
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In vitro preservation of plants has several advantages such as saving space and free
from diseases. For example, using glass tubes of 20> 100 mm, a space of 30 cm X 30
cm Is enough for preservation of 100 plants. Although long-term in vitro preservation
of Lvchnis senne may be possible through routine subcultures by the single-nede
method, the possibility of accidental loss of the preserved plants by the contamination
of microorganisms during the subculture should be always keep in mind as a major
problem. Therefore, establishment of slow-growth storage method such as the use of
low temperature and modification of culture medium composition are important in
the future.

The chromosome number of L. senno has been reported to be n=12 (Kihara er af.
1931 and 2n—=21 ‘Yang & Zhu, in Hsu & Huang 19851, buth without information of the
source of materials. The present observation, however, determined 2n=36 for the spe-
cies originally cultivated in Shimane prefecture, Japan. In Lychnis, chromosome nuni-
bers have been reported to be 2n=21, 48 and 72 (cf. Fedorov 1974). Thus the basic
chromosome number for Lycanis is considered to be x=12. The material used for the
present study is presumed to be triploid with 2n=36. This result may well explain the
sterility of the plant of L. senno obtained from Shimane prefecture because triploid
plants usually give little or no seeds owing to irregular meiosis. Despite our efforts.
the plant of L. senno collected from Okavama prefecture has the same phenotype as
Lhat used in the present study and were all vevealed to be triploid by flow cvtometric
analysis and chromosome observation. Therefore, 1t can be considered that they are
derived from one clone. Consequently, asexual in vitro preservation and propagation
of this particular clone might be essential for conservation of the species L. yenno.

We wish ro thank Ms. Ayako Hasegawa, Mr. Masayuki Miyazako, Mrs. Minako Mi-
vazako., Mr. Gen Murata, Ms. Yuriko Sugihara, Mr. Kogoro Suzuki and Ms. Thoe
Tsunoda for kindly gift and useful information of Lychnis.
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A Chromosome Observation on Panax japonicus (Araliaceae)
Using Conventional Orcein Staining and
Fluorescent Chromosome Banding with CMA and DAPI

Masashi Nakata!', Hiroshi Kohda®' & Miwa Takeuchi®
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47 Kamikutsuwada, Fuchu-machi, Nei-gun, Tovama 439-2713. Japan
2'The Experimental Stacion of Medicinal Plams,
School of Medicine, Hiroshima University,

1— 23 Kasumi. Minami-ku. Hiroshima 734 -8551, Japan

Abstract : Karvotvpe analvsis and observation of fluorescent chromosome banding
using CMA and DAPIL were made on Panax japenicus. At mitotic metaphase 2n=18
chromosomes were counted confirming previous reports, Among the 2n=48 chrome-
somes, 20 were median centromeric and the rest 28 were submedian or sublterminal
centromeric. The largest rwo chromosomes had secondary constrictions in the
proximal regions of short arms. and CMAT/DAPI— -band were observed at the
chromosome segments adjacent 1o the secondary constriction.

Key words : CMA, DAPI, fluorescent chromosome banding, karyolype, Panax japoini-

Clry

The genus Panax (Araliaceae! is well known as an element of Eastern Asian — Kast-
ern North American disjunction. Taxonomic treatment of Asian Panax widely differs
by botanists because thev show considerable variability in morphology of leaflets and
underground parts {rhizomes and roots). Japanese plants have been referred to P. ja-
ponicus by Yunnan Institute of Botany (1975) and Ohwi & Kitagawa (1953}, while they
have been treated as P. pseudo-ginseng by Hara (1970) and Hoo & Tseny (1978).

According to Ohwi & Kitagawa (19831, Panax japonicus C. A. Maycr 1s endemic to Ja
pan occurring in Hokkaido, Honshu, Shikoku and Kyushu. The rhizome of P. japoni-
cus 15 well known as an oriental traditional plant drug, which 1s called "chikusetsu
ninjin" in Japanese. Since external morphology of P. japonicus. especially in leaflets,
also expresses considerable variability and cerrain races have been described (cf.
kohda er af. 1986,. It 1s also notable that a Panax plant having carrot-like root, thus it
closely resembles Chinese species P, ginseng, has been found in central Japan (Kohda
et al. 1986).

The chromosome number of Panax japonicus of Japan has been reportod to be 2n=14
(Sugiura 1936) or 2n=48 (Matsuura & Suto 1935, Kurosawa 1966). Yang (1981) re-
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ported 2n=24 chromosomes for 2. japonicus \sensu Yunnan Institute of Botany 1975,
however, the materials had been collected in China. Although the karyomorphology
of Chinesc and American species of Panax has been well studied (Blair 1975, Li. e al.
1985, Kondo et af. 1990, Ren er al. 1994, that of P. japonicus 1s poorly known. As a pre-
iiminary study of the cytotaxonomy of Japanese Panax, we describe here karyomor-
phology of P. juponicus, especially on the heterochromatic nature of the chromosomes
detected by fluorescent banding with CMA and DAPI.

Material and Methods

A plant of Panax japonicus having been cuitivated in the Botanic Gardens of Toyama
was used for the material. Originally, the plant {accession number : 31014) was col-
lected in Arimine (ca. 1.200 m alt), Ooyama-cho, Nakaniikawa-gun, Toyama Prefec-
ture on May 31, 1995. The plant represented tvpical form of P. japonicus. We thank
Prefectural Government of Toyama for giving permissions for collecting material.
Voucher is deposited in the herbarium of the Botanic Gardens of Toyama (TYM).

Freshly growing root tips were used for chromosome study. They were pretreated
with 2mM 8-hydroxvquinoeline solution for 5h at 16C, then fixed with the Farmer’s
fixative (1 : 3 mixture of glacial acetic acid and 99.5% ethano!, w/w) for over 20 h at
5 C. For conventional karvotype study, the fixed root tips were macerated in a mix-
ture of 1 N HCI and 45 " acetic acid (1 : 2, w/w) for 10 sec at 60°C, stuiied with 1 %
aceto-orcein for 10 min at room termnperature, and then squashed on a glass shde. For
fluorescent chromosome banding, enzymatic maceration— flame drying method was
applied for chrommosome preparation. Methods of the preparation and following se-
guential staining with Giemsa, CMA (chromomycine Asl and DAPT {1',6-diamicdino-2-
phenylindole) have been presented elsewhere (Nakata 1996).

Results and Discussion

Chromosome number and karyotype

Chromosomes of Panax japonicus were counted 2n=48 at mitotic metaphase (Fig.
[A). The chromosome numbers of P. juponicus of Japan have been reported as 2n=44
Sugiura 1936, 2n=48=241T Matsuura & Suto 1935; originally described as n=2:4) and
2n=18 (Kurosawa 1966/, 1hus we confirmed the latter two. Since basic chromosome
number of Panax is presumed to be x—12 (cf. Yang 1981), P. japonicus observed here s
a tetraploid. Yang (19811 counted 2n=24 chromosomes in P. juponicus (sensi Yunnan
[nstitute ol Botany 1975 from Jiangxi Prov., China, and he considered that P. japoni-
cuy Of Japan had been derived from the diploid growing in China.

Figure 1B shows the chromosome complement of Panax japonicus at mitotic meta
phase. The chromosomes were relatively small and showed a gradient in length from
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Fig. 1. A; Somatic metaphase chromosomes of Panax japonicus, 2n—18. B: Chromo
some complement arranged in the decreasing order of the length. Arrowheads
show detached chromosome segments spaced by secondary constriction. Bars in-
dicate 5«m for A and 2 um for B, respectively.

2.3 to 1.0 xm. Among the 48 chromosomes of the complement, 20 had centromeres in
the median position and the remaining 28 had centromeres in the submedian or sub
terminal position according to the nomenclature system by Levan er al. (1964, Compo-
sition of the chromosome complement concerning centromeric position well agreed
with that of American species P. quinguefolius (2n=48) reported by Ren er af. (19941,
and alsu resembled that of Chinese species P. ginseng (2n=4%) reported by Li er al.
1985). Kondo er af. (1990) reported karvotvpe of a diploid species P. notoginseng as
2n=24=20m-+4sm, where "m" means median and "sm" means submedian centromeric.
Thus, P. notoginseng has more symmetric karyotvpe than the three species mentioned
above concerning centromeric position.
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The largest two chromosomes had secondary constrictions (==nucleolar organizing
reaion: NORJ in the proximal region cof the short arm. Thus, in view of karyotype,
Panax juponicus showed diploid nature with regard to nucleolar chromosome. Fre-
quently, one of the secondary constrictions was cbserved as wide space between chro-
mosome segments, measuring 2 zm or more apart (Figs. 1 A & B). Therefore, the dis-
tal chromosome segments being detached by the secondarv constriction couid be
ubserved as a large satellite. Among the karvotype studies on Panax (Blair 1975, Li e/
al. 1985, Kondo er al. 1990, Ren et al. 1994}, only Li et al. (1985} has mentioned satel-
lites. They observed two chromosomes with satellites in P. ginseng (2n=48) as in P. ju-
ponicus, however, the satellite chromosomes of P. ginseng were medium in size among
the 48 chromosomes. It 1s noteworthy that diploid Himalayan species P. pseudo-gin-
seng (2n—24), a species closely related to P. japonicus, seems to have two satellite chro-
mosomes judging from the photomicrographs of the chromosomes (Plate 22a in Kuro-
sawa 1971,

Fluorescent banding with CMA and DAPT

Sequential staining with Giemsa, CMA and DAPI was made on chromosomes pre-
pared by enzymatic maceration — flame dryving method. Thus, the relationship be-
tween chromosome morphology and heterochromatic nature of the chromosome seg-
ments can be comparable on the same chromosome.

Al prometaphase, "fifty chromosomes” were seemingly observed (Fig. 2A1), how-
ever, two of them findicated by arrowheads/ are false chromosomes and are chromo-
some segments detached by secondary constrictions located in the short arms of the
largest chromosomes. All chromosomes had condensed segments in the proximal re-
gion and had dispersed parts at the chromosome ends, while the two chromosome
segments had no dispersed ends. The NOR-side of the two chromosome segments
showed bright fluorescence by CMA and had negative fluorescence by DAPI {in the
following we express the fluorescent pattern as CMA T /DAPI - ), while the other all
chromosomies showed positive fluorescent by both CMA and DAPI (CNMA -/ DAPTY
(Figs. 2A: & Aql.

At metaphase, one of the two largest chromosemes had detached chromosome seg
ments spaced by secondary constriction at the proximal region of the short arm, in
the same way as in orcein-squashing method (Fig. Bi1. A large CMA */DAPI - -band
was observed in the NOR-side of the chromosome segment of the longest chromo-
some \Figs, 2Bz & Bsl. The CMA~ ' /DAPI -~ -band was also observed in the proximal
region of the short arm of another longest chromosome (Figs. 2Bz & Bz, The rest
chromosomes showed CMA™ /DAPI* fluorescence homogernieously.

The DNA base-specific fluorochromes CMA and DAPI have been used for detecting
heterochromatic segments of the chromosomes {(cf. Sumner 19901, Chromosemal re
gions containing G+C-rich DNA show bright fluorescence by CMA and negative (luo
rescence by DAPH (Deumling & Gleilhuber 1982, As NORs conrain G+C-rich rDNA
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Fig. 2. 18, spread by
the enzymatic maceration — flame drying method and sequentially stained with
mosomes prepared and

A: Sumaric prometaphase chromosomes of Panax japonicus, 21

Giemsa (A1), CMA (A2} and DAPI (Az). B: Metaphase chr
stained in the same manner; Giemsa (Br), CMA (B2l and DAPT (Ba). Arrowheads
indicate chromosome segments showing CMA+H/DAPL -~ -hands. Bar indicates

a T,
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sequence, they can be detected as CMAT /DAPI —-bands (Schweizer 19761, Corre-
spondence between CMA ' 'DAPI ~ regions and rDNA sites have been directly dem-
onstrated by in situ hybridization ‘eg. Hizume 1992, 1993: Nakata er af. 1997), Thus,
Nluorescent chromosome banding with CMA and DAPI can disclose rDNA regions of
the chromosomes which are invisible by the conventional crcein staining. In the pre-
sent study, CMA“T/DAPI ~-bands were observed only in the largest two chromo-
somes by fluorescent chromosome banding. The results suggest that Panax japonicus
has exactly two NOR-chromosomes as observed in conventional chromosome stain-
ng.

Judging from the basic number (x=12] in the genus Panax, P. japonicus \(2n=48) is a
tetraploid as previously reported. However, genctically, the species can be considered
a diploid at least in view of the rDNA sites. Diploidization following polyploidization
may have occurred in the karyotype evolution in P. japonicus. Further observations
based on the same methodology on Panax japonicus of Japan as well as on closely re-
lated taxon P. pseudo-ginseng of China should be needed.

FHEHELS] - MEEE - TR AL A 3 Kordeld, BEERN - R ETEM L 2
B & CMA, DAPI s SHIZLD b FIiZ EEATHO, ¥A¥—20F<12 2 A3

*‘)‘/O)%fé%ﬁw)ﬁﬁ (CMA) — DAPI {2 & B s o - EREETHr

BIIRAERED P FiZ P rZo0T, o RO R A RO AR (A
MEREA L+ A 8o —W Lo x Lk E ks DR ARSETD 12O HEV CMA S E & 77
Yeibll LS REbkoBEC T o /2. HufafE { 7 i DAPI # 3 (CMA++/DAPL—- /3> F)
E0E2n=A8T. Panax B OIEAEN x=12TH RIS L. ORI R G+C
A MG, MRz Y IMfERE EZ RGBT OO F o NERT LS
v, Heft{ki2].0—2.3um & 20| HIT, FEALTBY, RS GHC - rich &
2018 Al FEEY AR, e ) 2808 I E b A e s rDNA 2 G0 REH THL Z L2 it ir T
L T 3 - 72 ISP} T LA ] L ;~-T-»\t/-//.*"'i"'*f"-' LI 455
-{1:-':.-.-..l_;-'.;J.!_-.‘,'-_-‘,‘_ Hd, LiFLiIF# ELXLIZHHH, CREEFIHLINS

I HD ] KD K&+ 2 xf NeuZidn, BEMIZE HEHELELTY
0 RS ATRE AL e L s L GbDEELILGRD,
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Initiation and Proliferation of Embryegenic Callus Culfures
from Buds in Bulbs of Tulipa praestans Hoog.

Toshinarn Godo

Baotanic Gardens of Tovama,
-

12 Kamikutsuwada, Fuchu-machi, Nei-gun, Tovama 939-2713, Japan

Abstract ; Yellow nodular callus was initiated trom small buds in juvenile siage of Tu-
lipa praesrans ont M5 medium supplemented with 10 mg/l picloram zlone. Fresh
wiight of the callus increased about 2-fold during 2 months of culture under the dark
or light (4 emaol m -5 L condirions at 15C or 23 C. Embrvo-like stractures were oc-

casionallv induced from these calli.

Key words : callus, embrvo-like structure, proliferation, Tulipa proesians

Tulip, belonging to the Liliaceae, i1s most important bulbous plant as lily. Over 2300
names were listed in "Classified List and International Register of Tulip Names™ {The
Roval General Bulbgrowers” Association 1987).

Propagation rate of tulip bulbs by the conventional merhod in the field 1s very slow,
and it takes more than 20 years before a new cultivar can be commercially available
(Kuijpers & Langens-Gerrits 19971, To overcome this problem, establishment of in vi
rro propagation method has been desired for a long time. The method of adventitious
shoot formation on bulb scale explants has already been reported (Nishiuchi e al.
1976/, although the propagation rate is low. Recently. several researchers reported in
vitro propagation of tulip using callus cultures (Famelaer er af. 1996, Gude and
Dijkema 1997). Gude & Dijkema {1997) described that a mass propagation of tulip
could be achieved by utilizing callus culture. In the present study, [ tried to induce
and proliferate the callus of 7. praesians Hoog. for in vitro propagation and preserva
ton.

Bulbs of Tulipa praestans were purchased from a local market in Toyama prefecture
in Ocrober, and stored at 25 C for one month. After removing the outer scales with
hand, the bulbs were washed with a synthertic detergent. sterilized with 70 % ethyl al
cohol ftor 10sec and twice with 3 % sodium hypochlorite solution for 12 min, and
washed twice with srerile distilled water. Then a small bud, which includes part of
stem, in juvenile stage of about 7 X7 X7 mm in size were excised from each bulbs and
each bud segment was placed on 10 m! of 2 ¢g/] gellan gum (Phytagel; Sigma Chemical
Co.. St. Louis, USA) solidified MS (Murashige and Skoog 1962) medium containing 0,
0.1, 1 or 10 mg/l picloram \+-amino-3, 5, 6-trichloro-picolinic acid! and 30 g/l sucrose



Table 1. Fresh weight of callus and embryo-like structure formation of Twlipa praestans under

several culture conditions,

consentranon

e light Ui picluram fresh weight _" ”'.U:'E‘_"_"lj‘" g
o mg/) & structure formation
25 D 10 1.§ £ 0.3
25 D ] 2.2 0.2 2
15 D 10 2.1 £ 0.3
15 D 1 1.8 £ 0.2
15 L 10 2.0¢
g 1 ] L.7 0.2
al xculture in the dark, bl L culture under 16th light at 4 mol m 25 L oo The values represent ti
mean [ + 3D of more than 3 independent experiments. The data were measured after 2 months of culture.

d) The value represents the mean of only one experiment, ¢! The embrvo-like structure foemation 4 months
after transfer,

in a glass tube (20 mm X 100 mmy,, and cultured at 25C in the dark. All medium was
adjusted to pH 5.8 and sterilized by autoclaving at 120 C for 15 min. For each piclo-
ram treatment, two bud segments were used.

After 3 months of culture, bud segments showed enlarged on medium containing
high concentration © 1 or 10 mg/l! of picloram, and nodular callus was initiated at the
basal part of the enlarged bud segments on medium supplemented with 10 mg/l piclo-
ram. in contrast, the flower-stalk segments cultured on medium with 0.1 mg/1 piclo-
ram showed abnormal growth and those cultured on medium without picloram
showed normal growth of leaves. Famelaer er al. (1996 reported that callus was in-
duced from embryo of 7. gesneriona 1rrespective of the concentration of picloram.
However, callus initiation of 7. praestans in the present study was observed only on
MS medium supplemented with 10 mg/|l picloram. These calli were transferred to
fresh medium of the same composition used for callus initiation and cultured for one
vear at 25°C in the dark for proliferation. Subsequently. these calli were subcultured
at 2 -month intervals by transferring 1 g F.W. onto 40 mil fresh medium in a glass tube
0 mnt > 130 mm) with a pelypropylene cap. Thus the stable-growing callus cultures
ol T. praestuns were established in two years after callus initiation. Then, these call
were transferved ro mediom containing 1 or 10 mg/| picloram and cultured under sev
eral conditions (Table 1) with varied light and temperature regimes. They were  sub-
cultured at 2 -month intervals by transferring 1 ¢ F.W. to [resh medium and the fresh
welght of calli wis determined at every transfer. As the results. the resh weight of
callt increased about 2 -fold during the 2 months of subculture irrespective of the con-
centration of picloram, temperature and light conditions (Table 1, Figs. la—d), ex-
cept for the color of callus which turned deep vellow under the iluminated condition
{Fg. 1d).
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Fig. 1. The calli of Twlipa praestans cultured on MS medium 2 months afier subculture,

al l0mg /I picloram at 25T in the dark. b) 10} mg/| picloram at 15T in the dark.
ol 1 mg/l picloram at 15T in the dark. d) 1 mg/] picloram at 15T under light condi-

=]
]

tien. Bar =1 cm.

Generally, in vitro propagarion using callus cultures gives several problems such as
a loss of plant regeneration ability. However, callus cultures of several monocotyledon
ous plants such as lilv and iris have shown to be very useful for micropropagation be
cause thev could maintain regeneration ability more than 3 years (Priyadashi & Sen
1992, Godo er af. 1998, Wang er af. 1999). In tulip, Famelaer et al. (1996) described that
cold-trearment of the source material was important for the initiation of regenerative
callus. In the present study, however, the embrvo-like structures were inititated from
the calli (Table 1, Fig. 21, which had been induced from the marerials without cold-
treatment. For the propagation and preservation of this tulip, further study is now in
progress on the establishment of plant regeneration system from the embryo-like
structure,

[ wish to acknowledge Prof. Masahiro Mii of Chiba University for his critical read-

ing of this manuscript.
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Fig. 2. Embrve-like structures produced from the calli on MS medium supplemented
with 1 mg/1 picloram after 4 months of culture at 150 in the dark. Bar =1 cm.

WP BIRY . Tulipa praestans DKZEI S D H W B ALfs
JbZCD%LEEUiEﬁ mol m
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Chromosome Numbers of Plants Cultivated
in the Botanic Gardens of Tovama (]}

Toshiaki Shiuchi
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42 Kamikutsuwada, Fuchu-machi, Nei-gun. Tovama 939-2713, Japan

Abstract : The chromosome numbers of the following four taxa are reported; 2 68
for Adenophora wshirei, 2n=40 [or Euphorbia sieboldiana var. ohsumiensis, 2n—ca. 130

for Veronicastrum livkinensis and 2n=24 {or Viela coamiana.

Key words : Adenophora, chyomosome number, Euphorbia, Veronicastran, Viola

In this series, the results of chromosome counts in plants cultivated in the Botanic
Gardens of Toyama will be consecutively reported.

As the first report, chromosome numbers of the following four taxa are reported in
the present paper. They are Adenophora tashiroi, Euphorbia sieboldiana var. ohsumien-

sis, Veronicastrum Hukivensis and Viela amamiana.

Materials and Methods

All plants investigated through the present study, were cultivated in pods In a
green house of the Botanic Gardens of Toyama. Fresh root tips were cut and pre:
treated with 2 mM 8-hydroxyquinoline solution at 15°C for certain hours as shown in
the Table 1. The root tips were fixed with Farmer’s fluid (1 : 3 mixture of acetic acid
and ethanol) for more than 1h at5 C and macerated with 1: 2 nuxture of 1 N HCI
and 45% acetic acid for about 15 sec at 60 C, and the meristematic region of the root
was stained with 2 % aceto-orcein for 20 —30 min. The chromosome preparation was
made by squashing method.

The identification of plants was made following Ohwi & Kitagawa (19831 and Hatu-
sima (1975).

Observations and Discussion

Taxa investigated through the present study are shown in the Tahle 1, in which
chromosome numbers and origin of materials are also presented.
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Table 1. Chromesome numbers, the origins and the pretreatment times.,

Taxon k.:.:::ill;ll:ml Original locality }'rf;[:,::fujill;ll:l
Adenophora washirod 2n=63 Fukue Island, Nagasaki Pref. 5
Euplharbia sicholdicna 2n=40) Amami [sland, Kagoshima Pref. T

var. ehisumiensis
Verowicastruny livkinensis Zn=ca. 136 Amami Island, Kagoshima Pref. 4
Viela anwcimicna 2n=24 Amami Island, Kagoshima Pret. 4

|. Adenophora tashiroi Makino et Nakai

Japanese name: Shima shajin (Campanulaceae

Chromosome number was proved to be 2n=68 in this species (Fig, la). This is the
firs{ report of chromosome number for the species. According 1o Fedorov 11974,
Goldblatt (1981 -19851 and Goldblatt & Johnson (1990-1994), the basic number for Ade-
nophora 1s presumed to be x=17 or 18. Thus, the present species 1s regarded as tetra-
ploid. The genus shows wide variations in morphology and about 20 taxa are known to
occur in Japan (Ohwi & Kitagawa 1983). In eight of them (Adenophora 1akedai, A. nikoen-
sis, A. nikoensis var. peresicaria, A. divaricata, A. triphylla, A. wiphyvlla £, procumbens. A.
triphvlia var. puellaris and A. morissonicolal chromosome number 2n=34 has been re-
ported, chromosome number 2n=36 has been reported for A. remaotiflora, 2n=6 for
three varieties of A. pereskiifolia and 2n=102 for two varieties of A. reramotoi (Shimizu
& Okazaki 1982), Although AL rashirei from Fukue [sland Nagasaki Pref. has the same
chromosome number as A, pereskiifolia including 1ts three varieties, detailed chromo-
some analysis has not been made yet.

2. Euphorbia sicholdiana C. Morren et Decne. var. ohsumiensis (Hurus./ Hatus.

Japanese name: Nangoki narsu-tédai (Euphorbiaceae)

Chromosome rumber 2 =40 15 observed 1n this variety (Fig. 1), This 18 the [irst re-
port of chromosome number for the variety. Euphorbia sieboldiana [sensu Kurosawa
1099 15 distributed in Hokkaide, Honshu, [zu Islands, Shikoku, Kvushu and is morpho-
ogically quite variable, Hurusawa & Shimovama (1976 reported that E. sieboldiana
var. sieboldigna {rom Shizuoka and Kanaganawa had 2n=20 chromosome number and
thev contirmed the basic chromosome number x— 10 in the materials from Shizuoka.
Therefore, the material from Amami Island Kagoshima Pref. can be considered to be
tetraploid.
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3. Veronicastrum liukiuensis (Ohwi) Yamazaki

Japanese name: Ryukyu-suzukake (Scrophulariaceae!

Chromosome number 2n—=ca. 136 was observed in this species (Fig. l¢). This is the
first report of chromosome number for the species as well as the section Pla-
giostachyvs, genus Veronicastrum. Since the basic chromosome number of the genus
seems to be x=17 as reported by Goldbiatt 11981 -1958), Goldblatt & Johnson (1990-
1991 and Kureosawa (1972), V. liukiuensis can be considered to be octoploid with
“n-ca. 136 chromosomes. This species is endemic to Ryukyu ({Amami Island, Kikai Is-
land, Okinawa Island) and seems to be extinct in the original habitat.

1. Viola amamiana Hatus.

Japanese name: Amami-sumire (Violaceae

Chromosome number 2n=24 is observed (Fig. 1d.. This is the first report of chromo-
some number for the species. Viola amamiana 15 known to occur only along Sumiyou
River of Amami Island (Shimabuku 1990, Yoshioka & Tanaka (1951 reported V. iwaga-
waiand V. rashiroi endemic 1o Ryukyus had 2n=22 chromosome numbers. Even
though V. amamiana closely resembles these two species morphologically, it has a dif-
ferent chromosome number,

[ express my sincere thanks to Dr. M. Hotta of the Kagoshima University, Dr. M.
Nakata and Mr. T. Kanemote of the Botanic Gardens of Tovama for their useful sug-
gestions and to Dr. 5. Kurokawa, the directer of the Botanic Gardens of Toyama for
critical reading of manuscript.
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The Vegetation of "Maruyama" at Murodo-daira on Mt.Tateyama
as a Habitat of the Japanese Ptarmigan Lagopus mutus japonicus

Megum: Yoshidal’ & Minoru Yoshida®'
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STovama Agricultural Research Center,
L1241 Yoshioka, Toyvama City, Tovama 939-8153, japan

Abstract : "Maruyama”, a small hll of Murodo-daira on Mt. Tatevama, Tovama
Prel. has been considered to involved in a habir of Japanese ptarmigan Lagopus muius
japonicus. The vegetation of "Maruvama' is analayzed by the Braun-Blanguet
Merhod. The main component of the vegeration was Pinus pumila, which s rather
low in height and is mixed with dwarf shrubs such as Empetrum nigrum in the sum-
mit area and is more than 100 cm high and is accompanied by Sasa kurilenyis, Rhedo-

dendron bruchyvearpum, vte, in the slopes.

Key words : Lagopus muius japonicus. Mo, Tateyama. Pinus punila vegelation
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Materials for the Flora of Toyama (4]
Takazki Oohara

Botanic Gardens of Toyvama,
42 Kamikutsuwada, Fucho-macht, Nei-gun, Tovama 939-2713, Japan

Abstract © Through my recent held and herbarium surveys, six taxa are newly re-
corded as members of the flora of Tovama Prefecture. They are Juncus mertensianus,
Platanthera mandarinorum var. neglecta, Sagina apetala, Geraninm carolinianum, Malva

neglecta, Rowala ramosior. Tven though Equiserum palisire, Rorippa dubic and Viola

Jawrieana vav. rhizomata, were reported from Toyama in literatures, none of the

specimens, on which these reports are based, has been unforrunately located at pre-
sent. The occurrence of them in Tovama, however, has been confirmed through the
present surveys, Addinional localities are reported for Ophioglossum thermale var,
thermale and Najas japonica, which have been known [rom only a few localities in
Toyama Prefecture. Specimens cited in this paper are preserved mainly in the her
baria of the Botanic Gardens of Tovama (TYM), Toyama Science Museum (TOYA!
and of the Tokyo Metropolitan University Makino Herbarium (MAK),

Key words : Flora. new localities, new records, Tovama, vascular plants
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