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Karyomorphological studies of six species of subtribe Catasetinae, Orchidaceae
Shuichi Hamatani Vand Mikio Aoyama?

Abstruct

The karyomorphological observations were carried out on six species in three genera (Catasetum, Cycnoches and
Mormodes) of subtribe Catasetinae, Orchidaceae cultivated in the Hiroshima Botanical Garden.

In the all six species, the nuclei at resting stage were observed as the complex chromocenter type, and the
karyotypes at mitotic prophase were observed as the interstitial type.

The chromosome numbers of Catasetum tenebrosum (2n=54) and Mormodes sinuata (2n=54) were reported here
for the first time, and Catasetum cernuum (2n=54), C. integervinum (2n=54), C. viridiflavum (2n=54) and Cycnoches
ventricosum (2n=68) were redocumented. It was suggested that the five species with chromosome number of 2n=54 had
basic chromosome number of x=27 and the one species with chromosome number of 2n=68 had basic chromosome
number of x=34.

The karyotypes at mitotic metaphase were symmetrical due to the centromeric position on the all six species
studied. The karyotypes of four species of Catasetum and Cycnoches ventricosum were gradual, though that of

Mormodes sinuata was bimodal due to the chromosome length.

Introduction

The subtribe Catasetinae, tribe Cymbidieae, the Orchidaceae consists of 194 species in five genera (Catasetum,
Clowesia, Cycnoches, Dressleria and Mormodes) in which the most species are distributed in tropical America (Dressler
1993).

The chromosome numbers of 30 species in the subtribe Catasetinae were indicated as 2n=>54, 56, 64, 68, ca.108 and
ca.162 (Blumenschein 1960, Jones and Daker1967, Nakata and Hashimoto 1990, Félix and Guerra 2000).

The authors have already studied about the chromosomes of tribe Cymbidieae (Aoyama 1989). In this study,
karyomorphological observations of six species of subtribe Catasetinae cultivated in the Hiroshima Botanical Garden

were held for enhancing the information about chromosomes.

Materials and Methods

The six species observed in this study were listed in Table 1. They were in three genera in the subtribe Catasetinae
and cultivated in the Hiroshima Botanical Garden.

The observation of chromosomes was made by the aceto-orcein squash method. The active root tips were immersed
in 0.002M 8-hydroxyquinoline at 15°C for four hours. Then, they were fixed in acetic alcohol (1:3) at 5°C for 24 hours.
The fixed materials were hydrolyzed in a 1:2 mixture of 45% acetic acid and 1N HCI at 60°C for 30 seconds. Finally, the
materials were squashed and stained in 2% aceto-orcein.

The observations on chromosome morphology were made in nuclei at resting stage, and chromosomes at mitotic
prophase and metaphase stages. The types of nuclei at resting stage and chromosomes at mitotic prophase were
classified according to Tanaka (1971, 1980), and at mitotic metaphase, they were classified according to Levan et al.

*Contribution from the Hiroshima Botanical Garden No.96

1) The Hiroshima Botanical Garden

2) Botanical Garden, Technical Center, Hiroshima University
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(1964).

Results

The pictures of the nuclei at resting stage, the chromosomes at mitotic prophase and metaphase, the drawing of the
chromosomes at mitotic metaphase and the chromosomes arrangement according to their length and pairing of each
species were organized into one figure (Fig. 1-6). The chromosome numbers of all species studied were shown in Table
1. The measurements of chromosome length were described in Table 2-7.

Table 1. Chromosome numbers of the six species of Catasetinae studied

Species HBG* Chromosome numbers References
accession Present Previous
number count (2n) count (2n)
Catasetum
cernuum (Lindl.) Rchb. [ 2533 54 54 Jones & Daker 1967
56 Blumenschein 1960
integerrimum Hook. 2539 54 54 Jones & Daker 1967
tenebrosum Kranzl. 1467 54
viridiflavum Hook. 3149 54 54 Jones & Daker 1967
Cycnoches
ventricosum Batem. 3148 68 68 Jones & Daker 1967
Mormodes
sinuata Rchb.f, & Warm. 3618 54

*: Hiroshima Botanical Garden
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1) Catasetum cernuum (Lindl.) Rchb.f., HBG2533, Tables 1 and 2, Fig. 1.

The nuclei at resting stage were observed as the complex chromocenter type (Fig. 1A).

The karyotype at mitotic prophase were observed as the interstitial type (Fig. 1B).

The chromosome number of 2n=54 was counted at mitotic metaphase (Table 1, Fig. 1C-E). This number was
correspondent to the previous report by Jones and Daker (1967).

The chromosomes at mitotic metaphase varied in length from 2.23 to 0.85 pm (Table 2). In the chromosome
complement, 54 chromosomes showed a gradual decrease in length. Among the complement of the 54 chromosomes, 49
chromosomes had their centromeres at the median regions (m) and five chromosomes (Nos. 6, 10, 11, 23 and 24) had
their centromeres at the submedian regions (sm).

Thus, this species showed a gradual and symmetric karyotype.
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Fig. 1. Catasetum cernuum (Lindl.) Rchb.f., HBG2533, 2n=>54.
A resting stage, B: mitotic prophase, C and E: mitotic metaphase, D: drawing of mitotic metaphase.

Bars indicate Spm.
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2) Catasetum integerrimum Hook., HBG2539, Tables 1 and 3, Fig. 2.

The nuclei at resting stage were observed as the complex chromocenter type (Fig. 2A).

The karyotype at mitotic prophase were observed as the interstitial type (Fig. 2B).

The chromosome number of 2n=54 was counted at mitotic metaphase (Table 1, Fig. 2C-E). This number was
correspondent to the previous report by Jones and Daker (1967).

The chromosomes at mitotic metaphase varied in length from 2.79 to 0.87 um (Table 3). In the chromosome
complement, 54 chromosomes showed a gradual decrease in length. Two chromosomes (Nos. 9 and 10) had satellites at
the terminal regions of their long arms. Among the complement of the 54 chromosomes, one chromosome (No. 47) had
its centromere at the median point (M), 23 chromosomes (Nos. 1-4, 7-9, 13-16, 25-28, 31, 32, 37-40, 44 and 45) had
their centromeres at the median regions, 21 chromosomes (Nos. 5, 6, 10-12, 17-20, 22-24, 29, 30, 33-36 and 41-43) had

their centromeres at the submedian regions and one chromosome (No. 21) had its centromere at the subterminal region

ey

— (st), and in eight chromosomes (Nos. 46 and 48-54), centromeres did not observed in this study.
Thus, this species showed a gradual and symmetric karyotype.

Fig. 2. Catasetum integerrimum Hook., HBG2539, 2n=54.
A: resting stage, B: mitotic prophase, C and E: mitotic metaphase, D: drawing of mitotic metaphase.

Bars indicate Spm.
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3) Catasetum tenebrosum Kranzl., HBG 1467, Tables 1 and 4, Fig. 3.

The nuclei at resting stage were observed as the complex chromocenter type (Fig. 3A).

The karyotype at mitotic prophase were observed as the interstitial type (Fig. 3B).

The chromosome number of 2n=54 was counted at mitotic metaphase (Table 1, Fig. 3C-E). This was reported here
for the first time.

The chromosomes at mitotic metaphase varied in length from 3.24 to 1.15 um (Table 4). In the chromosome
complement, 54 chromosomes showed a gradual decrease in length. Among the complement of the 54 chromosomes, 28
chromosomes had their centromeres at the median regions, 23 chromosomes (Nos. 5, 7-10, 13, 19, 20, 23-26, 29, 30, 37,
38, 41, 42, 45-48 and 54) had their centromeres at the submedian regions and three chromosome (Nos. 14-16) had their
centromeres at the subterminal regions.

Thus, this species showed a gradual and symmetric karyotype.
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Fig. 3. Catasetum tenebrosum Kraenzl., HBG1467, 2n=54.
A: resting stage, B: mitotic prophase, C and E: mitotic metaphase, D: drawing of mitotic metaphase.

Bars indicate Sum.
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4) Catasetum viridiflavum Hook., HBG3149, Tables 1 and 5, Fig. 4.

The nuclei at resting stage were observed as the complex chromocenter type (Fig. 4A).

The karyotype at mitotic prophase were observed as the interstitial type (Fig. 4B).

The chromosome number of 2n=54 was counted at mitotic metaphase (Table 1, Fig. 4C-E). This number was
correspondent to the previous report by Jones and Daker (1967).

The chromosomes at mitotic metaphase varied in length from 2.56 to 0.85 pm (Table 5). In the chromosome
complement, 54 chromosomes showed a gradual decrease in length. Among the complement of the 54 chromosomes, 31
chromosomes had their centromeres at the median regions and 19 chromosomes (Nos. 5, 6, 10, 19-22, 30, 31, 35-40, 43,
44, 51 and 52) had their centromeres at the submedian regions, and in four chromosomes (Nos.49, 50, 53 and 54),
centromeres did not observed in this study.

Thus, this species showed a gradual and symmetric karyotype.

Fig. 4. Catasetum viridiflovum Hook., HBG3149, 2n=54.
A: resting stage, B: mitotic prophase, C and E: mitotic metaphase, D: drawing of mitotic metaphase.

Bars indicate Sum.
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5) Cycnoches ventricosum Batem., HBG3148, Tables 1 and 6, Fig.5.

The nuclei at resting stage were observed as the complex chromocenter type (Fig. 5A).

The karyotype at mitotic prophase were observed as the interstitial type (Fig. 5B).

The chromosome number of 2n=68 was counted at mitotic metaphase (Table 1, Fig. 5C-E). This number was
correspondent to the previous report by Jones and Daker (1967).

The chromosomes at mitotic metaphase varied in length from 2.65 to 0.74 pum (Table 6). In the chromosome
complement, 68 chromosomes showed a gradual decrease in length. Among the complement of the 68 chromosomes, 11
chromosomes (Nos. 3, 4, 37, 38, 41, 42, 47, 48, 54, 57 and 58) had their centromeres at the median regions, 40
chromosomes had their centromeres at the submedian regions and three chromosomes (Nos. 1, 5 and 14) had their
centromeres at the subterminal regions, and in 14 chromosomes (Nos. 39, 45, 49, 50, 53, 56, 59, 60 and 63-68),
centromeres did not observed in this study.

Thus, this species showed a gradual and symmetric karyotype.
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Fig. 5. Cycnoches ventricosum Batem, HBG3148, 2n=68.
A resting stage, B: mitotic prophase, C and E: mitotic metaphase, D: drawing of mitotic metaphase.

Bars indicate Spm.
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6) Mormodes sinuata Rchb.f. & Warm., HBG3618, Tables 1 and 7, Fig. 6.

The nuclei at resting stage were observed as the complex chromocenter type (Fig. 6A).

The karyotype at mitotic prophase were observed as the interstitial type (Fig. 6B).

The chromosome number of 2n=54 was counted at mitotic metaphase (Table 1, Fig. 6C-E). This was reported here
for the first time.

The chromosomes at mitotic metaphase varied in length from 2.76 to 1.00 um (Table 7). In the chromosome
complement, the two longest chromosomes (Nos. 1 and 2) were distinguished and the other 52 chromosomes showed a
gradual decrease in length. Among the complement of the 54 chromosomes, 29 chromosomes had their centromeres at
the median regions, 23 chromosomes (Nos. 3, 4, 8, 11, 12, 19-22, 24-26, 31-35, 37-40, 53 and 54) had their centromeres
at the submedian regions and the longest two chromosomes (Nos.I and 2) had their centromeres at the subterminal
regions.

Thus, this species showed a bimodal and symmetric karyotype.
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Fig. 6. Mormodes sinuata Rchb.f. & Warm., HBG3168, 2n=>54.
A: resting stage, B: mitotic prophasc, C and E: mitotic metaphase, D: drawing of mitotic metaphase.

Bars indicate Sum.
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Discussions

In this study, the chromosome numbers of Catasetum tenebrosum (2n=54) and Mormodes sinuata (2n=54) were
new reports. Those of the other four species supported previous counts.

All four species of genus Catasetum showed similar karyotypes of the complex chromocenter type at resting stage
and the interstitial type at mitotic prophase. They were consistent each other on their chromosome number of 2n=54 and
the gradual and symmetric karyotypes at mitotic metaphase. Eight chromosomes of C. integerrimum and four
chromosomes of C. viridiflavum did not show their centromeres, it was speculated that it was caused by the unclear
pictures of the small chromosomes.

The chromosome numbers of 2n=54, 56, ca.108 and ca.162 were counted from 18 species of Catasetum
(Blumenschein 1960, Jones and Daker1967, Félix and Guerra 2000). Jones and Daker (1967), and Félix and Guerra
(2000) mentioned that Catasetum showed basic chromosome number of x=27, and the results of this study supported it.

Mormodes sinuata showed similar characters of the chromosomes with Catasetum species in this study, i.c. the
complex chromocenter type at resting stage, the interstitial type at mitotic prophase, the symmetric karyotype at mitotic
metaphase and the chromosome number of 2n=54. The chromosome number of 2n=54 were previously counted from
three species of Mormodes (Jones and Daker 1967, Nakata and Hashimoto 1990). Jones and Daker (1967), and Félix
and Guerra (2000) noticed that Mormodes showed the basic chromosome number of x=27 and the results of this study
supported it. Besides, Mormodes showed a bimodal karyotype at mitotic metaphase though Catasetum showed a gradual
karyotype. It would be one of the points to distinguish between two genera.

Cycnoches ventricosum showed different features from other five species of two genera in this study. The
chromocenters of Cycnoches at resting nuclei were relatively observed more clear and larger than those of Catasetum
and Mormodes. The chromosome number of 2n=68 was different from other five species. The average of arm ratios of
this species was higher than those of other five species. The chromosome numbers of 2n=64 and 68 were previously
counted in four species of Cycnoches (Jones and Daker1967). Jones and Daker suggested that the basic chromosome
number of Cycnoches was x=32 or 34 and there were karyomorphologically distinctions between Cycnoches and
Catasetum. Present report did not show contradictory results for the previous reports.

In the recent molecular studies, it was advocated that subtribe Catasetinae took in more three genera of
Cyrtopodium, Galeandra and Grobya (Chase 2012). Many species still remain to be cytological studies in subtribe
Catasetinae. It is necessary to research on the species of subtribe Catasetinae including new genera not only by

molecular studies but also cytotaxonomical studies.

Acknowledgement

We thank to Mr. Daizo Araki for reading the manuscripts and giving us advices.

References

Aoyama, M. 1989. Karyomorphological studies in Cymbidium and its allied genera, Orchidaceae. Bull. Hiroshima Bot.
Gard. 11: 1-121.

Blumenschein, A. 1960. Numero de cromossomas de algumas espécies de orquideas. Publ. Cien. Univ. S3o Paulo Inst.
Genet. 1: 47-48.

Dressler, R. L. 1993. Phylogeny and Classification of the Orchid Family. Dioscorides Press. Portland OR.

Félix, L. P. and Guerra, M. 2000. Cytogenetics and cytotaxonomy of some Brazilian species of Cymbidioid orchids.
Genetics and Molecular Biology, 23 (4): 957-978.

Jones, K. and Daker, M. G. 1967. The chromosomes of orchids, III. Catasetinae Schltr. Kew Bull. 22: 421-427.



L

1]

24 HAMATANI AND AOYAMA

Levan, A, Fredga, K. and Sandberg, A. A. 1964. Nomenclature for centromeric position on chromosomes. Hereditas 52:
201-220.

Nakata, M. and Hashimoto, T. 1990. Cytological studies on phanerogams in southern Peru, III. Chromosomes of some
orchid species. Bull. Natn. Sci. Mus., Tokyo, Ser. B, 16 (4): 157-169.

Chase, M. W. 2012. DNA data and orchidaceae systematics : A new phylogenetic classification. http://www.orchids.
co.in/dna-data-orchidaceae.shtm

Tanaka, R. 1971. Types of resting nuclei of Orchidaceae. Bot. Mag. Tolyo, 84: 118-122.
Tanaka, R. 1980. The karyotype. (in Japanese). In Kihara, H. (ed.), Plant Genetics 1: 335-358. Shokabo Co., Tokyo.

hy ks LHR (5 UR) 6 BMOKBRESIZE
BeE— - FllwH 2
B

LEETHY AR TEE L TCwEI VR 5y ABIRICET NS 3B (Catasetum, Cycnoches, Mormodes)
D6 MOV TR ENBE 1T 72,

MELLZ6BETIIBNT, BRI A IR, SRR OB IIAERE LTBESR
7z

Catasetum tenebrosum & Mormodes sinuata @ 3 48 8 20=54 (3 #1 ® B & 7F - 7>. Catasetum cermuum, C
integervinum, C. viridiflavum O 2n=54, Cycnoches ventricosum @ 2n=68 I BEDREZEMIT B DTH - 7-.
BB il 2n=54 2R L7 5 IR B IEARS x=27, 2n=68 1 I3t hiAM x=34 L RIL S /-,

HEL 726 HIZBWT, SR OMENIB)EAEOME I #HT  RBITRHm L Sh 72, 3
BlRRIZED S KBTI Catasetum D ATE L Cycnoches ventricosum \EBIRE, Mormodes sinuata ' A & %
HIEWTE]

1) JERTEY A
2) IRBREFN X v & — KB E



25

Karyomorphological studies of six species of subtribe Catasetinae, Orchidaceae

w 09'1 L1 LTT=CL'0+SY°0 [43

w [£A! L1 8T T=EL'0+5+'0 1€

w 6C'1 L1 LT 1=99"0+15°0 0€

w [4A! 81 0T 1=99'0+¥S°0 6T

w W'l L1 €1 1=L9°0+9Y"0 8¢

w Lyl 81 1T 1=CL°0+6¥°0 LT

w L9'T L1 ST T=CL0+EV 0 9¢

w 129! 81 TTT=vL'0+8%0 94

‘u01391 UBIPAWNS Y} J& PIAISSQO 2ISWONUID OY ], (WIS ws 1.1 81 TTI=LL'O+SY 0 ¥T

‘UOISaI UBIPAUI 91} J8 PAAIOSQO 2ISWIONUID T, (I ws cL1 ST €T 1=8L'0+St°0 £z

w 9¢'1 1 €8'0=61'0+9¢°0 ¥S w 8T'1 81 1T 1=89'0+£S°0 [44

w (42! €1 98°0=6%"0+LE"0 €¢ w €S1 6’1 6T 1=8L'0+1S°0 1T

w vl 1 68°0=€5°0+9¢°0 [49 w el 81 0T 1=89'0+25 0 0T

w vl ¥l L6'0=LS0+0V'0 IS w el 6'1 0 T=FL"0+95°0 61

u LO'T ¥l €6'0=87'0+S¥'0 0¢ w o'l 81 VT TI=LL0+LY0 81

w 0s'1 Sl 00'1=09'0+0%'0 1% w €9l 07 LET=68"0+2S°0 Ll

w vl ! L6°0=LS0+01'0 14 w 124! 0¢ 6€ 1=C8°0+LS0 91

w 24! Sl 00°1=65"0+1%'0 Ly w 0T'1 I'c IV 1=LL0+¥9°0 Sl

w LTl Sl 00° T=rS'0+9%°0 9¥ u 161 't eV 1=98'0+LS°0 4!

w YTl Sl €0°'T=LS"0+9Y"0 97 w 161 e e 1=98'0+LS0 €l

u 6C'1 ST €0'T=85"0+S¥°0 4% w $9'1 (44 I 1=16'0+55°0 4!

w 87’1 ST ¥0'1=C9°0+Ct'0 134 ws S1C (A4 8 1=10"1+L¥"0 IT

w 172! 'l P6°0=CS°0+C1'0 [4% ws 05T [ LY 1=60"T+2¥°0 o1
w 97’1 S'1 0 T=85°0+9%'0 44 L €9'1 (44 0S° T=£6'0+LS°0 6
w LET Sl 20 T=65"0+E¥'0 4 w $9'1 (44 16 1=560+950 8
w 6v'1 91 LOT=¥9°0+E1°0 6¢ LY 1ZA! ¥'C 99'1=86'0+89'0 L
w 8C'1 Sl S0’ T=650+9¥"0 8¢ ws 8L'T 94 L9’ T=L0"T+09°0 9
w YA 91 80'1=09'0+8%"0 LE L A 9T L9’ 1=L0"T+99°0 S
w 4! ! 20 T=85°0+¥17'0 9¢ w (4N} 8'C £6'1=C00'1+16°0 14
w 6¢€'1 91 01" 1=v9°0+9%°0 43 w (40! 8'¢C €6'1=C0'T+16'0 €
w 091 &1 Y0 T=¢9°0+0%'0 P LY 90T I'e 80'T=LO'T+I0'T [4
w [ 91 0T T1=89"0+Z¥ 0 €€ w 90°1 £t €TT=ST'T+80°1 1

ULIO,| onel wry [I3ua] 2AnE[Y (wrl) pSueT SWIOSOUWION) Lo oljel Uy YI3ua] 2ANE[OY (wrl) yy8ua] 2UWIOSOWOIY))

YS=Ug ‘WNNUL2d Wn3asvIvyy

ur OmNQQNHOE OT]103}IW 1B SWOSOWOIYD OIjeWOS JO SjuatIaInsSeay "7 9[qe],



HAMATANI AND AOYAMA

26

L 69°1 91 LET=98'0+150 [43

w LYl L'l I 1=L8°0+65°0 1€

ws LOT 91 e I=16'0+¥+'0 0€

ws 0T 8’1 PSI=£0'I+1S°0 6T

"S[OQUIAS 19130 oy} Jo uoneue[dxs 10 7 9[qE[, 998 w 6t'1 81 7S 1=16'0+19'0 8T

"UOI2I [BUTWLIAIQNS 9} 1B PIAIISQO SISWONUD YT 38 w 171 6’1 SS1=68'0+0L'0 LT

‘qurod UBTPAUI 9T} 18 PIAIISQO ISWONUID YT, A w vel 6’1 65 T=88'0+1L0 9¢

‘POAISSQQ JOU SBM QISWOIUD YT, iy 4 wH Ll 6’1 19°1=06"0+1L0 4

UOTIOLNSUOD ATEPUOODS [IIM SWIOSOWOIYY) : 4 e e ol 9¢1=00°T+05°0 ve

ws 86T 6’1 19 1=91'1+S+0 €T

01 L80 VS ws e 8'1 Y 1=20'1+9%°0 C

'l 96°0 EC % 8 S0'¢ 61 79 1=CT 1+0¥'0 |14

't 960 TS ws 6'1 61 65 1=C0"'1++S°0 0¢

't 960 1S4 ws 60°'C 0 PO I=IT"T+€5°0 61

't 960 0S5k ws 66’1 61 T9'1=L0'1+5S°0 81

g1 SOl 617 ws L6'1 1T SL'T=9T°T+65°0 L1

gl 011 8P w 091 8'1 8Y 1=16"0+LS°0 91

W $0°'1 Pl P1'1=8570+95°0 Ly w 19'1 1'C SLT=80"T+L9°0 Sl

1 01 e w 6¢'1 |4 LLT=€0'T+¥L'0 14!

w 9’1 ST YT I=LL0+LY0 Sy w LT1 I'c 6L 1=00"T+6L0 €l

w 91 Sl CTT1=9L°0+9%°0 1244 ws LT |4 LLT=CT'T+59°0 4!

ws LT ¢'1 9T’ 1=08"0+9%"0 134 ws L8] T I8 1=81"1+£9°0 I

ws S6'1 71 SI'I=9L"0+6€°0 (44 ws ¥8°C (404 08" 1=LL 0+LY 0+9S 0« 01
ws I8'1 91 CEI=88°0+LY'0 It w 67’1 T €8 T=9%"0+08"0+LS 0% 6
w 8¢'1 91 €CT=LL'0+95°0 ot w 0s'1 4 SO'T=ET'1+C8°0 8
w 9¢'1 91 LET=6L'0+850 6¢ w 8S°1 9T Y1 T=1¢'1+£8°0 L
w ST ¢1 LTT1=LL0+0S0 8¢ ws [AN4 (94 60'T=Cy" 1+L9°0 9
w A L'l 6€° T=F8°0+550 LE ws L0°C 9T 91'Z=9%"1+0L'0 S
ws PLT 91 LET=L8'0+050 9¢ w 91 9T ITT=IE1+06°0 ¥
ws L0T L'T IV’ 1=56'0+9%0 SE w LE'T 6C W= 1+20'1 €
ws 8C'T L'l 7' 1=86'0+£%0 143 w ST 0¢ 6V T=CC'1491°1 [4
ws 4 L1 St 1=66"0+9%°0 €€ w el €€ 6L T=pS'1 + ST'1 I

ULIO] olnel Wiy I3usf aAne[ay () yySuo] SWOSOWOIY)) uuo,] onjel ULy 3ua] SATIR[OY (wrl) yi8uay SWOSOWOIY))

$S=UT ‘UNuiLi42523U1 WNISVID,)

ul aseydelaw 51J0}IW J& SOWOSOWOIYI OIJBUIOS JO SIUSWSINSBI "€ J[qEL




27

Karyomorphological studies of six species of subtribe Catasetinae, Orchidaceae

w 091 91 8 T=CT'1+0L°0 [43

L (4N 8’1 66 T=¢T T+9L°0 Ie

ws LL'T 81 6" 1=vC' T+0L°0 0¢

ws 1L°T 8’1 €0'T=8TT+SL0 6¢

w 9¢'1 81 86’ T=k1'1+¥8°0 8¢

w 6C'1 6'1 90°7=91"1+06°0 LT

ws 9Ll 6'1 0T'Z=rE' T+9L°0 9T

ws 00'C 6’1 STT=TVI+IL0 ST

‘sjoquuAs Jo uonreue[dxs 10] ¢ 9[qe], 99§ e ol 0c o CGAERE0 ve

ws L9T 0'C 07°7=09'1+09°0 £

ws €0'C 01 ST T=LL0+8€°0 ¥S w Tl 6'1 60'C=S1"1+v6'0 [44

w 61°L I'T 8T T=¥90+¥S°0 €< w 'l 1 6T'T=9¢'1+£6°0 12

ut 891 (4! < 1=¥8'0+05°0 [43 ws 88'1 0c TTT=SY' 1+LLO 0T

w €91 4! LET=68'0+T50 16 ws S6'1 |4 0€°7=CS T+3L°0 61

w 43! el 9%'1=88'0+85°0 0¢ w 40! 8’1 £0'7=80'T+56'0 81

w 691 ¢l 8% 1=£6'0+550 14 L 9¢'1 [ 9¢€'T=9¢'1+00°'T L1

ws €38'1 A €9 1=66"0+¥5"0 14 18 90°¢ 6’1 IT°Z=65"1+25°0 91

ws $0'C a! 8S 1=90"T+CS°0 Ly 8 8T'¢ T 8CT=I8'I+LS0 61

ws ¥6'l A 65 1=50"T++S0 9% 18 SOt I'c SET=LLT+8S0 ¥1

ws P81 Sl 79 T=S0"T+LS°0 94 —_ £8'C (44 17" T=8L1+£9°0 el

w €Sl Sl L9 1=10"T+99°0 144 L L9'1 [ W T=rS 1+26'0 4

w 0s'1 91 SLT=S0'T+0L°0 1274 u 8¥'1 (A4 8V T=8¥'1+00'T 1

ws 681 A 9$" 1=C0"1+¥5°0 (4% ws £5°C (44 0¥7'7=CL'1+89°0 01
ws 181 91 LLT=FT'1+£9°0 1% ws L't €T LS T=88'1+69°0 6
w 691 Sl ¥9'1=¢0'T+19'0 oy ws c0C |4 6T T=rS 1+SL0 8
w 91 91 8L T=01"T+89°0 6¢ ws 16'1 ¥'C 89'7=9L'1+C6'0 L
ws 1444 91 L T=CT1+05°0 8¢ w 124! 4 IL7=09'T+11'1 9
ws we 91 18'1=8T'1+£S°0 LE ws Lre T 6L°7=16"1+88°0 ¢
w 691 1A 65 1=00"T+650 9¢ w 6¢°1 ¥'e OLT=LST+ET'T ¥
w 891 91 8 T=F1"1+89°0 193 w 6v'1 8'¢C 0'¢=T8'1+CC'1 3
w Tl L1 $8'1=10"1+£8°0 143 w cO'1 8T P0°e=T8'1+CT'1 4
w 9¢'1 L1 Y8 1=90"T+8L°0 €¢ b (! 6'C YT e=0L"T+¥S'1 I

o,y orneI uy Y33uo] 9ANR[OY (unt) yySueg QWIOSOWOIY) wioy onel Wy mBua] aAne[y (wrl) y38uary SWOSOWOIY))

yS=UT ‘WNS04qaua] Wnjasviny)
ur aseydelour o1JOJIW 8 SOWOSOWOIYD OBWOS JO SIUAWIAINSEIIA “f 9[qBL



HAMATANI AND AOYAMA

28

‘sjoquiAs jo uoneue[dxa 10J ¢ 9[qe] 998

'l ¢80 123
(A 96'0 € s
ws 661 [ L6'0=59°0+7E0 49
ws we 71 66°0=0L"0+6C°0 1S
71 660 0S %%
! 801 6V«
w 6¢°1 A LT'1=89'0+6¥"0 8
w 61’1 ST 61 1=IL"0+8¥0 Ly
w 9I'1 7'l ST'I=79°0+£S°0 9
w 801 Sl [T T=£9°0+85°0 974
ws 0L'1 1 00 1=£9°0+LE0 124%
ws [4 A4 ST €T I=L8'0+9¢°0 (34
w LE'T Sl STI=EL0+£S0 (474
w LE1 Sl ST I=CL0+£S0 8%
ws L0T Sl STI=P80+1¥°0 (4
ws 60'C ¢l STI=¥8'0+0¥"0 6%
ws 00T S 1T 1=18'0+0¥0 8¢
s 2! Sl STI=180++¥'0 LE
ws 16°1 S | ST I=C8°0+£°0 9¢
ws 9T'C 91 8T 1=680+6£°0 Se
w or'1 91 LT T=VL0+£S°0 142
w 'l 91 6T 1=9L°0+£5°0 €
U0 onjel Wy m3us] saney () ySua QWOSOWON)

ws €81 91 8T 1=£80+S¥0 [43
ws LT 91 1€ 1=£8"0+8%0 1€
w LET L'l 6€ 1=180+650 0¢
w SE'l L'l ¥ 1=18'0+09°0 67
w vI'l 91 0€'1=690+19°0 8¢C
w 171 8’1 eV 1=8L70+59°0 LT
w 9l L1 I 1=p8°0+LS°0 9T
w 99°1 8’1 PP 1=06"0++<"0 §T
w vl 61 ¢S T=180+1L0 144
w IT'1 61 SSI=T80+€L°0 £€C
ws re'e L'l 8 T=L6'0+110 (44
ws 0¢e'C 0¢ £9° 1=C1"1+6%°0 1T
ws €81 0¢C $9'1=90"1+85°0 0¢
ws 88'L |4 L9 1=60"1+85"0 61
w [AN! 0c S 1=L8'0+8L°0 81
w 61 1'c TLT=L6'0+SL0 L1
w [4¢ 0¢ 8¢ 1=06"0+89°0 91
w 42! I'c 0L T=L6'0+EL0 Sl
w 911 (A4 SLT=t6'0+18°0 4!
w 911 (4 SLT=t6'0+18°0 £l
w 6¥'1 (606 LLT=90'T+IL0 41
w LS'T (A4 08 T=01"1+0L0 Il
s (4! 14 €8 1=81'1+59°0 01
w 9¢'1 ¥'C 16 1=01"T+I80 6
w yel 174 ¢6'1=0T"1+C8°0 8
w LT'T 4 20'7=60"1+£6°0 L
ws €97 £C 68 1=LE'1+ZS°0 9
ws 68’1 9T PIT=0V"1+vL0 S
w 6C'1 8T YT T=9T'1+86'0 ¥
w 9’1 0'¢ 0 7=re 1+90°1 13
w &1 0'¢ Yy 7=8%'1+96'0 C
w (XA (613 9=V 1+ST'T I
ULIO ] onjel ury M3ua] oATIR[aY (wm) yySuoT SwWosowoIy)

PS=Ug ‘wnavyfipraa wnjasviv)

ur aseydejouwl O1)0JIW 1B SOWOSOWOIYD JIJEWOS JO SJUSWAINSBIN G J[qEL



29

Karyomorphological studies of six species of subtribe Catasetinae, Orchidaceae
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