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Karyomorphological studies on Cypripedium in Japan and Formosa.*
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Table 1. Chromosome numbers of the 9 taxa of Cypripedium investigated

Chromosome number
Taxon Present Previous count References
count(2n) (n) (2n)

macranthum Swartz
var. speciosum (Rolfe) Koidzumi 21
macranthum Swartz
var. hotei-atsumorianum Sadovsky 20
macranthum Swartz
var. rebunense (Kudo) Miyabe et Kudo 20 20 Mutsuura &
Nakahira 1958
20 Mutsuura 1959
macranthum Swartz
var. taiwanianum (Masamune) F. Maekawa 20
segawai Masamune 20
guttatum Swartz
var. Yatabeanum (Makino) Pfitzer 20 20 Sokolovskaya 1963
japonicum Thunberg 20 10 Ohno 1954
20 Mutsuura &
Nakahira 1958
20 Tanaka 1965, 1971
Jormosanum Hayata 20,30
debile Reichenbach fil. 20 10 20 Miduno 1955
20 Mutsuura &
Nakahira 1958
10 20 Yamasaki 1959




KARYOMORPHOLOGICAL STUDIES ON CYPRIPEDIUM 3

]l & R

1. Cypripedium macvanthum Swartz var.
speciosum (Rolfe) Koidzumi 77 € 1) V7, 2n=
21, Table 1, 2 and Fig. 1.

CHEEETER > & A AR ER ) LI 11 ) B R A B A
K25, Y THe77 74 Hicri(afm
FTREREL AT VTN Y TICHRT, BRADES
ERIIE C ATEFR DR % 5.

BIEEHE T, BRSNS HORE/ NIBEE
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SYEHEARTEA T, FRAEERELS A AR KR ER,
AFEER B & PEE D FERIC B W THFIIBERE N,
BRI EARATEATL 72

SEHAREITIE, 20 =21 EO R EAE L HEE L2,
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20 (Sokolovskaya 1966, Balaeva & Siplivinski
1976) * Bh B RBARHTH - 72, FHRAEKNE
21, #1-20% B D208 D Gk 5520 0umA £510.0
pmE TOHRICH ) WERICEREL Tz, #21
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2. Cypripedium macranthum Swartz var. hotei-
atsumorianum Sadovsky wT A TV EY V7,
2n=20, Table 1, 3 and Fig. 2.
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Fig. 1. Cypripedium macranthum var. speciosum, 2n=21.
A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.

D, chromosomes at mitotic metaphase.

E, individual chromosomes at mitotic metaphase. A, x0.26. B-D, x600. E, x900.
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Fig. 2. Cyprivedium macranthum var. hotei — atsumorianum, 2n=20.
A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase.
E, individual chromosomes at mitotic metaphase. A, x0.33. B-D, x600. E, x900.
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Fig. 3. Cypripedium macranthum var. rebunense, 2n="20.
A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase.
E, individual chromosomes at mitotic metaphase. A, x0.46. B-D, x600. E, x900.
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3. Cypripedium macranthum Swartz var.
rebunense (Kudo) Miyabe et Kudo V7> 7/
£ w7, 2n=20, Table 1,4 and Fig. 3.
BB FERDOILBENEHET, PRRENER

ICANBEE R RS, BREHRIZNETH DY, BEHED

7Ty YT ERLKRESICE S,

BIEEIE T, RS N BRGNS S

n, BIRELRABOTEETH -7,
SEHRRI AR EARNTREIIFIE L ARRTH - 72,
SRR T2 0 =20 DY EEEFHEEL 12,

I sk (Mutsuura & Nakahira 1958,

Mutsuura 1959) & —EL 72, HHREKNESZ

16.0pm#» 8. 0umE THEMHICH ) HEAITEEL

Twiz, 814, 6-10, 13, 14, 17, 18FEDIMEN

PeARIIBE A1, 2~ 1. 6D &M 12 b ) PERENRATY

Tholz, #5, 19, 20&B N 3ENGAEKIIH

H1.7~1.8D&FIZH N IKPIENFAFEETH - 72,

#11,12,15,16F B 4 EZEMAKII B Hs3.0~4.5

DEFIC D D IKREENEARE TH 72, BS, 6F

H ok tla o e ) 1B o ZIRREE A

BZma N,

4. Cypripedium wmacvanthum Swartz var. la-
swanianum (Masamune) F. Maekawa, 2n=20,
Table 1, 5 and Fig. 4.
BEESWUNCELWERICEL, TVE) VYT LR

FATIENYIDENFNICBCIAEEREEL S,
BT, B N SHOGE/ IR

AN, HitE L RERDOTEEBTH 72,
SEHRTHIR RO EITRTE L FRTH - 72,
SEERE T2 =200 REAREEFEEL 2.

FEEORBEBOBERISEIHHTTH S, F

HAREAEDR S 1324.3um 5 10.6pmF THHFIZ

b WEAICERL T, 81-5, 7, 9, 10, 13,

14, 17-20% B D 14E D et ikiz Bt h°1.0~1. 6 D &S

Blch ) mEaEARTH- 72, £6, 8, 11%FH

n 3EDGEKITIB A8~ 1. 90 & ICH Dkt

MENEAEETH - 72, 12, 15, 16FB N 3ENLE

R IT B A9~ 6. 4NEFIC & V) IRIGEP B RARTY

Tholz, 5, 6FBNREEKTIIERNOELS
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Fig. 4. Cypripedium macranthum var. taiwanianum, 2n=20.
A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase.
E, individual chromosomes at mitotic metaphase. A, x0.35. B-D, x600. E, x900.
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5. Cypripedium segawai Hayata, 2n=20, Table

1, 6 and Fig. 5.

BELNBONECSEICEL, 3~4HNELE
ELBEDEE 1~ 28212,

LR T, BRI N SBDRta/ N A B SR
2N, RIELRMOTETH 72,

SEMBTHARARDTZIEIIRITRE L R TH - 72,

SEATHTIE2n =20 DR EEE F BEL 72,
FENPEAEBOBEISEINHTTH L, P
BAEKRDR 1225 Tumb 514.3umF TOHFEICH
N WECENIZERL Tz, $1-13, 15, 16, 19, 20
FHHDIMEDRAEKIIBE D10~ 1. 508 Ic 5 )
FRBREE TH -7z, B4, 17, 18FB N 3ED
eI B AT11.0~13. 3D & - H 1) HERE) Rk
BThotz, £5, 6 FEBNYRBARTIREMOELT

i P i(\
7\ g%,g <

F IR RREFBEI N,

6. Cypripedium guttatum Swartz var.
Yatabeanum (Makino) Pfitzer ¥ /N+ 7 7€)
V77, 2n=20, Table 1, 7 and Fig. 6.
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SRIBTHIREROTRIIRITE L AETH - 72,

SRAFEATIZ2n =20\ REAE 2 EEL 72,
ZHIRERNDHE (Sokolovskaya 1963) & —E L
720 HEARGEAEN KR X1323.Tum» 511.6umE TH
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Fig. 5. Cypripedium segawai, 2n=20.

A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.

D, chromosomes at mitotic metaphase.

E, individual chromosomes at mitotic metaphase. A, x0. 3. B-D, x600. E, x900.
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Fig. 6. Cypripedium guttatum var. Yatabeanum, 2n=20.
A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase.
E, individual chromosomes at mitotic metaphase. A, x0.46. B-D, x600. E, x900.

WEEAERTH - 72, B, 12%FED 2 BOREMRK 7. Cyprivedium japonicum Thunberg, 2n=20 7

BB EFNFN2.08 2. 1 TRAMBEEETH - /%47, Table 1, 8 and Fig. 7.
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Fig. 7. Cypripedium japonicum,2n=20.
A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.

D, chromosomes at mitotic metaphase.
E, individual chromosomes at mitotic metaphase. A, x0.23. B-D, x600. E, x900.
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B M T, B EINR ERORE/INIIBRE
3N, FIRELEOTETH - 72,
SRARTHIRARDOTEBIIRE L FRTH - 72,
SERIAPHATII2n =20BDREAE T BEEL 72,
ZALERERNEE (Mutsuura & Nakahira 1958,
Tanaka 1965,1971) & —# L 72, HEIREEANEK S
1320.4pm 58. TumE TOHEEHICH ) HEHICER
LTwiz, 81-10, 13, UEBDI2ENLERIIE
HA1.0~ 1. 40&HE I » ) PMBFARITH - 72,
11,12, 15-20% Ho» 8 B ERIZbithp3.2~4.9
DEHEIZH ) KIFHBRER TH 72, 57, 8F
BB A T3ROS D ICBHK L ZIREEH
BEIN,

8. Cypripedium formosanum Hayata, 2n=20, 30,

Table 1, 9 and Fig. 7.

BEIHOMRICEET 2, BREICETY 37,
IREDEMAIE L, FEDFRAEHY, < K eATE
AVRBERBICE S Z ETREIEN D,

AWFRICAI2 3MEERD 5 B, 2 @ KIZ2n =200
2T H 5725, LEERIZ2n =300 34K TH -

726

1) 2fg4k
BT, BRIN SRR E/ NI EE
SNAEEFEFKETH - 72,
SRR BER DN REIIHIE & FETH - 72,
SEATHTII20 =20 OREERE L EEL 72,
FEDPRBRBOREIZSRIFHHTTH 5, LA
REENOR 1318 . 4umb 58.3umZE THERICH
NEANCERL Twiz, #1-10, 13, YEBDI2AE
DYAEMIT RIS, 0~ 1. 3DEHEIC » 1) hERE A
BThosz, 817, 18FB D 2 BOREMAKIIBILAT
WERL2.TTRPHBREE TH - 2, $11, 12,
19%H o 3 EOQet ki3 bi A 3.5~6 4N &HEIC %
N RIGERENFEARTL T H - 72, %15, 16, 20&BH D 3
BDBEARIIBE AT, 2~T7 . 3D E < & 1) WhEhEh R
BERThH-72, 7, 8EFEHORGERTIIERNE
BREF D ICHHBR 2 URBEE D EE S e,

2) 3K

BB L US BRI AKROTIER, A&
D 2EERLITITRBETH - 72,
SEEPEITIE, 20 =30EDREAEE EEL 72,

by (8 %" .
IO T

Fig. 8. Cypripedium formosanum, 2n=20, 30.

A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic meta-
phase of diploid clone, 2n=20. D, chromosomes at mitotic metaphase of triploid

clone, 2n=230.

E, individual chromosomes at mitotic metaphase of diploid clone. A, x0.2. B-D,

x600. E, x900.
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I 2R ERIL CARBOREAEE L TIH T
FEINDZLDTH .20 =30EDREKIESE
S UBRBOMEIZ DWW TITIE 3BT oOMEREHK
WKEZENEZEnb, ZOREKIIRRICELE
B3EATHEEHEZLND,

9. Cypripedium debile Reichenbach fil. =277 €

) vy, 2n=20, Table 1, 10 and Fig. 9

A, HINDT7FRE I DMRTICET S, LEIZ
TicEN, REOMREICH~N TS 2 Ic/MNENTRE
25,

B TIE, BERIN L EZHOLRE/ ML KE
BT 8 — 12En R b & BRE I Nz,

SEEBIHAO L AIRNTREILFIE & R TH - 72,

SEIAPIATII20 =200 LA T BE L 72,
IR HE (Miduno 1955, Mutsuura &
Nakahira 1958, Yamasaki 1959) & —ZtlL 72, Bi
AR B R (325 Tumbs b 17. 3umE COFE
I2d ) BERIICERL Twiz, $£1-20%E D20\ 0

B RN T s51. 0~ 1. 50 &I & 0 HEfE)
FHEMUTHo72, £7, 8EHORBETIIERD
EERE N BB RIS E I N

% =

SREBELLTVEY Y 7B I taxa OFILHIZN
TEREIZA L IC B 2 2 DBy TE b, T
Hb, 8taxa TIIELAKIBREI N2 EHORE
ANRLTZT 6 2 D ER R A BEI N Lo T2,
ZOEIEERZOTEIZES (1977) nFfEICL 2B
SEEICHELT S, BYD ltaxon 2TV E) VY
TR SO Y/ E KRE ST 7%
8 —12E NG gk b 5% ), LEED 8taxa &
BHLPCELIHEER L 2. ZOFILIZEOR
RBIIEMRE PR AL T 5,

SYREARTEATCIE, TXTO taxa KBV T EHD
B v Bk REER, NMERE &L ERO
FERICHIFIC TR 3 A, BR—RRICEEE AT L 72,

NV
NN

Fig. 9. Cyprivedium debile, 2n=20.

20

A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic prometaphase.
E, individual chromosomes at mitotic prometaphase. A, x0.6. B-D, x600. E, x900.



10 KARASAWA and AOYAMA

Subgenus =
||I"II
THtHIHHIHHE
||||i'IIiIIIiIiiI
i
saa [ HTHHTHTHIT
|||iiili||imm
Hlliilllllllliilm
"IIIIiiIIIIIIIIm:
i
Hiliilliilliiiiii
frineie HHIIiiIIIIiIIIIHI

Flabellinervia —

Cyp. macranthum
var. speciosum

Cyp. macranthum
var. hotei-atsumorianum

Cyp. macrvanthum
var. rebunense

Cyp. macvanthum
var. taiwanianum

Cyb. segawai

Cyp. guttatum
var. Yatabeanum

Cyp. japonicum

Cyp. formosanum

Cyp. debile

Fig. 10. Idiograms of chromosome compliment of Cypripedium observed.
Taxa are arranged by Brieger’s classification, and chromosomes of each taxa are

arranged in descending order of the relative length.
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Iz L h LEBORAREAN T AT B (1977)
DI L BEGR ENERORHRTH D EE 2
LiLb,
ST, SEEID LW L, FTLICHE
T ARCRBESEYSEE LTI & CDRR
IC kN & taxa BITREL & 5 2 8EHEE D P EIREK
5B P RETH T2, VIVTVEYVY
LU HA Y THEHRIFICEE L - PR E
EigrBon, FORBERERIRARBEEERD
18.4~20. 4um, B/ N EARA8.3~8. TumTH - 72,
I OREAEIR T CEEHO R TIIES TREWY
DTCRBOBID 1 DDOFHTH 5,
ABETIZZNFE Ticn=10, 11, 2n =20, 22, 30
DRBEFEHITEEN TS5, SREEL 3G
REiz2n =20, 21, 30TCH -7,

on =21EnPp AT YEY) VI TEELRD
nT, 2{ET-ONITITAERE L G a AT 104 & RimER
@K% /NI ER T L > SER S TW
3, ZoRRAR AR LTEY b ORERIIHM
0 taxa TIHBETLI LN TELr -7, 2D
L AEN2N =210 E K32 =20ENRE
iz B taikd 3 W Id I QB R R 1 b
572 HDEEZ LND20 =3MENLEREIT Crp.
Sformosanum O 1 BETEEL 2L DT, BN L
SICFIE SR TH B 2 E0hhr b, KIETIE Cyp.
guttata TH2n =30NHELH N, LI T >
FHES O W DB THRED 3FEEIBESIN T
5o

B Yo 8taxa Tl NT2n =200 EEMAEL

BEEINT, b Cyp. macranthum var. la-

twanianum NHE11, 12%&H & Cyp. segawai D E13,
145 B o st L 2 B3 S0Ii3ITER 2 e
xR FERL L T B. LIEDKER Y O RRIZERE
X=10h05%5 2 EHEOPREEEL L DI L HEE
Enz,

Fig. 10i34-BIEZE L 72 9 taxa DY EAERER 7 6
AR TR L7124 T4 £ 77 4 & Brieger (1971)
DX LEE L2 B L2LDTH D, Cypripedium
BEMNE taxa 1355, 6 FH IR EwHit

(1.4~1.9) kPR % L DRAHEIMLEL Tw
I ETHBL T 205, PALITOREKERT
HEICRZ - Twd, 86T VE) VINEUE
B, Cyp. macranthum var. taiwanianum D511,
12%H, Cyp. segawai NE13, 14%B TIIMERERE
EHIBEINLT W &5 5RERE CIIRERDOEE
e L LICEOSEPRBETWE I EELLN
%,

Guttata T8, Flabellinervia #/8 # & ¢* Retiner-
viaBETIZIE 7, S BHICTHRMAEL H DREMAD
MELTWELFZF0OBIIEL.0~1.60#HBATERL
Tw3, Guttata BENX /T TV EY VY 7OHE
BE 1L, 2FEORBERILUTORGBKIZHNEL
PICKEWT &, %11, 12% B 0RekskhiiE)
BRI TH B T & TR & 11 5. Flabellinervia
FREN 2taxa ldFmBil (2.7~7.3) & L DRAEK
% 8L DI & TREBOIT LN E Y, E15-208E N
Peakolttls 2 taxa M TR 2EERLZ
Retinervia EBEN 2 7V & ) V 73T A4 s &
INREERENDKEEDEI R LR, KRAKED
BilbA1.0~1.6D&EEIZH D T CEEARSHERIC
RMELTWDZ 5 FBIeEEZL - Tna 2
Labhird, 25T, MOBEBICET 5% taxa D
BB ETRL TWBDIXLT, 27
PERVAFIOL-Fat sARSE: 2N LS SRICE ST BYAR

Lk T & { BB DI%ENZ Brieger R4 L 72 HE
Bl L (A BEEMTHEICEL 2R R 72,
4% Retinervia BEN I TV E) V7 I3RENHT
LB E L VWEEFRLMOER L EWLPICEL
L Ehbrolz,

= £ §)

TVEY Y BORTEENEREHESPICT S
H#T, 475 EE 25T 9taxa KB W TKRMER
#IEHR, SR, ST HORGROEEE
TV, ROFBERER:,

1., EEEL g aAizon =20, 21, 30TH
St ZDIBLTYEN) Y720 =21, KTATVE
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)/ 77210 =20, Cyp. macranthum var.taiwanianum
2n=20, Cyp. segawai 2n=20, Cyp. formosanum 2
0 =20, 30} FRL TS THEEN LD TH B,

2. BEL % taxa OB ILEIELIE, BEF (1977)
DRFBIENCH LT 5 4 D L SR R B - 3%
ETBLDEICRG TR,

3. SHEHBHTIIEEL 2T NT? taxa DT
HIRBIROTRED E R (1977) D482 & 28T
ENFEDOREEICHEL L 72,

4, KBOKEHD taxa 1F, EMAEH20 =20
TEDEL 2 BT oo EA 2L o2 &
b, REBEAEX =10 575 2EHOBETH B
e, d5I2TYEY VY YH20 =2112 B
RBRELIMARERERFIC1IELOLOT,
Cyp. formosanum D21 =301 3ERTH B = & »¢
broiz,

5, A EBE R NI ARENZRYII, Brieger (1971)
DES L 72ERBICHE L CHEEMCHEEICER 2
iRz,

Summary

1. Karyomorphological studies were carried out
on 9 taxa of 4 species and 5 varieties in the
genus Cypripedium.

2. Chromosome numbers of the 9 taxa were
found to be 2n=20, 21 and 30. Chromosome
numbers of 5 taxa, Cyp. wmacranthum var.
speciosum  (2n=21). Cyp. wmacranthum var.

hotei — atsumorianum (2n=20), Cyp. macranth-

um var. taiwanianum (2n=20), Cyp. segawai
(2n=20) and Cyp. formosanum (2n=20, 30),
were newly reported.

3. At resting stage, the dark diffuse type (Tana-
ka 1971) was recognized in 8 taxa, while the
complex chromocenter type was recognized in
one taxon. Thus, the resting nuclei of the genus
Cypripedium observed showed two different
types.

4., At mitotic prophase, the early condensed
segments located continuously in whole regions
of chromosomes or partly in the interstitial
regions.

5. Chromosome numbers of eight taxa of the
genus Cypripedium observed were 2n=20, and
each chromosome complement was consisted of

Thus, the basic

chromosome number of the genus Cypripedium

10 pairs of chromosomes.

could be x=10. Cyp. wmacranthum var.
speciosum with the chromosome number of 2n=
21 had an extra chromosome which was regard-
ed as the B-chromosome or the fragment chro-
mosome. Cyp. formosanum with the chromo-
some number of 2n=230 could be recognized to
be triploid.

6. The karyotype of the genus Cyprivedium
observed had different characteristics corre-
sponded to each subgenus classified by Brieger
(1971).
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Table 2. Measurements of somatic chromosomes of Cypripedium macranthum var,
speciosum,2n=21 at metaphase

Chromosome Length (uxm) ﬁgfgtge ;:?ig Form
1 10.0 + 10.0 = 20.0 7.94 1.0 m
2 8.0 +10.0 =.18.0 7.15 1.3 m
3 6.7+ 93=16.0 6.35 14 m
4 6.3+ 8.0 =143 5.68 1.3 m
5 47+ 83 =13.0* 5.16 1.8 sm
6 43+ 8.0=123* 4.88 1.9 sm
7 6.3+ 6.7 =130 5.16 1.1 m
8 53+ 6.7=12.0 4.76 1.3 m
9 5.7+ 57=114 4.53 1.0 m

10 50+ 63=113 4,49 1.3 m
11 1.7+ 9.7=114 453 5] st
12 1.7+ 9.0=107 4.25 5.3 st
13 53+ 57=110 4,37 1.1 m
14 50+ 57=107 4,25 1.1 m
15 20+ 87=107 4.25 44 st
16 20+ 83=103 4.09 42 st
17 47+ 57=104 413 1.2 m
18 47+ 57=104 4.13 1.2 m
19 43+ 57=100 3.97 1.3 m
20 40+ 6.0=10.0 3.97 1.5 m
21 d+ 50= 5.0 1.98 o t

* I Chromosome with secondary constriction
d :dot
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Table 3. Measurements of somatic chromosomes of Cypripedium macranthum var.
hotei-atsumorianum, 2n=20 at metaphase

Chromosome Length (um) R]Zl;gtiﬁe ;t?; Form
1 8.7+ 13.0 =217 7.59 1.5 m
2 87+ 9.7=184 6.43 1.1 m
3 9.0 + 9.0 =180 6.29 1.0 m
4 7.7+ 9.0 =16.7 5.84 1.2 m
5 6.0 + 11.3 = 17.3* 6.05 1.9 sm
6 57+ 9.3 =15.0* 5.24 1.6 m
7 7.0+ 9.0 =16.0 5.59 1.3 m
8 7.3+ 83 =156 5.45 1.1 m
9 6.0 + 9.3 =153 5.3 1.6 m

10 63+ 7.0=133 4.65 1.1 m
11 6.0+ 7.3=133 4.65 1.2 m
12 6.0+ 7.3=133 4.65 1.2 m
13 53+ 8.0 =133 4.65 15 m
14 57+ 6.7=124 4.34 1.2 m
15 2.3+ 10.0 =123 4.30 44 st
16 23+ 9.7=120 4.20 42 st
17 50+ 6.7=117 4.09 1.3 m
18 43+ 6.7=11.0 3.85 1.6 m
19 1.7+ 87=104 3.64 5.1 st
20 1.7+ 73= 9.0 3.15 4.3 st

* I chromosome with secondary constriction
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Table 4. Measurements of somatic chromosomes of Cypripedium macranthum var.

rebunense, 2n=20 at metaphase

Relative

Chromosome Length (xm) length ratio Form
1 7.3+ 87=16.0 7.04 1.2 m
2 6.7 + 8.3 = 15.0 6.60 1.2 m
3 6.7+ 7.7=144 6.34 1.2 m
4 5.7+ 6.7=124 5.46 1.2 m
5 53 + 9.3 = 14.6* 6.42 1.8 sm
6 53+ 73 =12.6* 5.54 1.4 m
7 5.0+ 7.0=120 5.28 1.4 m
8 50+ 6.7 =117 5.15 1.3 m
9 53+ 63 =116 5.10 1.2 m

10 43+ 6.7 =11.0 4.84 1.6 m
11 23+ 87=11.0 4,84 3.8 st
12 2.7+ 80=107 471 3.0 st
13 43+ 6.0 =103 4.53 14 m
14 13 + 5.7 =10.0 4.40 1.3 m
15 2.0 + 8.0 = 10.0 4.40 4.0 st
16 1.74+77= 94 4.14 45 st
17 43 +53= 9.6 4.22 1.2 m
18 4.0+47= 87 3.83 1.2 m
19 3.0+53= 83 3.65 1.8 sm
20 30+50= 80 3.52 1.7 sm

* . chromosome with secondary constriction
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Table 5. Measurements of somatic chromosomes of Cypripedium wmacranthum var.

taiwanianum, 2n=20 at metaphase

Chromosome Length (um) Rlzlrfgtige irt?; Form
1 11.3 +13.0 = 24.3 7.23 1.2 m
2 11.3 + 13.0 = 24.3 7.23 1.2 m
3 11.0 + 13.3 = 24.3 7.23 1.2 m
4 9.7 +12.0 = 21.7 6.46 1.2 m
5 8.0 + 13.0 = 21.0* 6.25 1.6 m
6 6.7 +12.7 = 194* 5.77 1.9 sm
7 8.0+ 93=173 5.15 1.2 m
8 6.0 + 11.0 = 17.0 5.06 1.8 sm
9 8.0+ 8.0 =16.0 4.76 1.0 m

10 7.3+ 7.7 =150 4.46 1.1 m
11 53 +10.3 =156 4.64 1.9 sm
12 2.0 +12.7 =147 4.37 6.4 st
13 7.0+ 7.0 =140 4.17 1.0 m
14 6.0 + 8.0 =140 4.17 1.3 m
15 2.0 +12.0 =140 417 6.0 st
16 23+ 113 =136 4.05 49 st
17 6.3+ 7.0=133 3.96 1.1 m
18 53+ 7.7=13.0 3.87 1.5 m
19 53+ 7.7=130 3.87 1.5 m
20 43+ 63 =106 3.15 1.5 m

* ! chromosome with secondary constriction

17
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Table 6. Measurements of somatic chromosomes of Cypripedium
segawat, 2n=20 at metaphase

Chromosome Length (gm) Rlzlnagtiﬁe ifclirc]) Form
1 11.7 + 14.0 = 25.7 6.97 1.2 m
2 11.7 +13.3 = 25.0 6.78 1.1 m
3 11.7 + 12.0 = 23.7 6.43 1.0 m
4 10.3 + 10.7 = 21.0 5.70 1.0 m
5 8.0 +11.7 = 19.7* 5.35 15 m
6 8.0 +11.3 =19.3* 5.24 14 m
7 93 +11.7 =210 5.70 1.3 m
8 8.7+ 10.3 =190 5.16 1.2 m
9 8.0 +10.0 = 18.0 4.88 13 m

10 83+ 93=176 4.78 1.1 m
11 8.0+ 9.0=17.0 4.61 11 m
12 7.0 +10.0 = 17.0 4.61 14 m
13 80+ 83=163 4.42 1.0 m
14 1.3 + 15.0 = 16.3 4,42 115 t
15 70+ 9.0 =16.0 4.34 1.3 m
16 6.7+ 9.3=16.0 4.34 14 m
17 1.3 +14.3 = 15.6 423 11.0 t
18 1.0 + 13.3 = 14.3 3.88 13.3 t
19 70+ 8.0 =15.0 4.07 1.1 m
20 70+ 8.0 =150 4.07 1.1 m

. chromosome with secondary constriction



KARYOMORPHOLOGICAL STUDIES ON CYPRIPEDIUM

Table 7. Measurements of somatic chromosomes of Cypripedium guttatum var.

Yatabeanum, 2n=20 at metaphase

Relative

Chromosome Length (xm) length o Form
il 11.7 + 12.0 = 23.7 7.09 1.0 m
2 11.3 +12.0 = 23.3 6.97 1.1 m
3 9.3 4+ 10.0 = 19.3 5.77 1.1 m
4 8.3 +10.7 = 19.0 5.68 1.3 m
5 8.0 +10.7 = 187 ~ 5.59 1.3 m
6 7.3 +10.7 = 18.0 5.38 15 m
7 7.0 +11.3 = 18.3* 5.47 1.6 m
8 7.0 +10.7 = 17.7* 5.29 1.5 m
9 80+ 93=173 5.17 1.2 m

10 7.0+ 93 =163 4.87 1.3 m
11 53+ 11.3 = 16.6 4.96 2.1 sm
12 53+ 10.7 = 16.0 4,78 2.0 sm
13 70+ 93 =163 4.87 1.3 m
14 7.0+ 83=153 4.58 1.2 m
15 6.0 + 9.0 =150 4.49 1.5 m
16 6.7+ 7.7=144 431 1.2 m
17 53+ 7.7=13.0 3.89 1.5 m
18 50+ 73=123 3.68 1.5 m
19 53+ 7.0=123 3.68 1.3 m
20 53+ 6.3 =116 3.47 1.2 m

* . chromosome with secondary constriction

19



KARASAWA and AOYAMA

Table 8. Measurements of somatic chromosomes of Cypripedium
Japonicum, 2n=20 at metaphase

Chromosome Length (xm) ngzge :;?; Form
1 9.7+ 107=204 7.83 1.1 m
2 93 + 10.7 = 20.0 7.68 1.2 m
3 80+ 93=173 6.64 1.2 m
4 8.0+ 87=167 6.41 1.1 m
) 63+ 9.0=153 5.87 1.4 m
6 6.3 1+ 87 =150 5.76 14 m
7 6.7+ 6.7 =134* 5.14 1.0 m
8 6.7 + 6.7 = 13.4* 5.14 1.0 m
9 53+ 7.3=126 4.84 14 m

10 53+ 7.3=126 4.84 14 m
11 274+ 87=114 4.38 3.2 st
12 27+ 87=114 4.38 3.2 st
13 53+ 6.0=113 4.34 1.1 m
14 53+ 53=106 4,07 1.0 m
15 20+ 9.0=11.0 4.22 4.5 st
16 20+ 87=107 411 4.4 st
17 1.7+ 83=10.0 3.84 49 st
18 1.7+ 80= 9.7 3.72 4.7 st
19 1.7+ 73= 9.0 3.45 4.3 st
20 1.7+ 70= 87 3.34 41 st

* . chromosome with secondary constriction



Table 9. Measurements of somatic chromosomes of Cypripedium
Jormosanum, 2n=20 at metaphase

KARYOMORPHOLOGICAL STUDIES ON CYPRIPEDIUM

Chromosome Length (gm) %ngﬁe f;rtlr-r; Form
1 8.7+ 9.7 =184 7.58 11 m
2 80+93=173 7.13 1.2 m
3 7.0 + 8.0 = 15.0 6.18 1.1 m
4 6.7 +7.7=144 5.93 1.2 m
5 6.7+ 7.3 = 14.0 5.77 11 m
6 6.0 +73 =133 5.48 12 m
7 6.0 + 6.0 = 12.0* 4.94 1.0 m
8 5.7 +5.7 = 114* 4.70 1.0 m
9 53+ 7.0 =123 5.07 13 m

10 53+ 6.3 =116 4.78 12 m
11 23+ 87=11.0 4.53 3.8 st
12 2.3+ 8.0=103 4.24 3.5 st
13 57+57=114 4.70 1.0 m
14 53+ 6.0 =113 4.65 11 m
15 1.3+93 =106 4.37 7.2 t
16 1.3+93 =106 4.37 7.2 t
17 2.7+73=100 4.12 2.7 sm
18 27+ 73=100 412 2.7 sm
19 13+83= 96 3.95 6.4 st
20 1.0+73= 83 3.42 7.3 t

* . chromosome with secondary constriction

21
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Table 10. Measurements of somatic chromosomes of Cypripedium
debile, 2n=20 at prometaphase

KARASAWA and AOYAMA

Relative

Arm

Chromosome Length (um) length ratio Form
1 12.7 + 13.0 = 25.7 6.23 1.0 m
2 12.7 4+ 127 = 254 6.16 1.0 m
3 11.7 + 13.7 = 254 6.16 12 m
4 11.3 + 13.7 = 25.0 6.06 1.2 m
5 11.7 + 11.7 = 234 5.67 1.0 m
6 10.7 + 11.0 = 21.7 5.26 1.0 m
7 9.7 +12.0 = 21.7* 5.26 1.2 m
8 8.7+ 12.7 = 21.4* 5.19 1.5 m
9 8.7+ 11.7 =204 4.95 1.3 m

10 9.3+ 9.7=19.0 4.61 1.0 m
11 8.7 + 10.3 = 19.0 4.61 1.2 m
12 8.3 +10.7 = 19.0 4.61 1.3 m
13 7.3 +11.7=19.0 4.61 1.6 m
14 87+ 9.7=184 4.46 1.1 m
15 7.7+ 10.7 = 184 4.46 14 m
16 8.0 +10.3 =183 4.44 1.3 m
17 8.0 + 10.0 = 18.0 4.36 1.3 m
18 7.7+ 103 =180 4.36 13 m
19 7.3+ 10.7 = 18.0 4.36 1.5 m
20 83+ 9.0=173 419 11 m

. chromosome with secondary constriction
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Paphiopedilum J& 9 taxaD LI eI ZE*

& 3 A

Karyomorphological studies on nine taxa of Paphiopedilum™

Kohji Karasawa**

T L ®» [z

Paphiopedilum BOEEM 2 R REFRIFTF 7T Kar-

asawa (1979) (2 & ), 53F&8 5 #EfE 1 5% 1 ari&ic D
WTHE3INT, £Ni%, Karasawa & Aoyama
(1980), Karasawa (1982)ic & WHi/-icBZEI Nz
TRz OWTHErBE S N,

SEECEBREL THE1EEL 2T 9taxa 122
W, BB EZIT> 20 TEORRERE
T35,

MEBLUHE

AR RV hE G, EH, EREE L URE
t#h##% Table 1iRL 72,

QR EEIT Karasawa (1979) (CH#EL TIT»
72T bbb, (R HORNSEE & YT, 18C  0.002
MS8—A %%/ >T4~5BMEEAELZLD
%, 5°C 45%BEEEET 5 B ELFE L 727£12607C
1 NiEEE CISHORIMREE L, 1 %EEEEA L&A 3B
Wk BELORLETT L7 — 2R LT

Table 1. Chromosome number of the 9 taxa of Paphiopedilum investigated

Chromosome
Taxon Locality Nos. of clone

number (2n)
Paph. malipoense Yunnan 3 26
Paph. emarsonii Yunnan 1 26
Paph. concolor Yunnan 1 26
Paph. supardii Borneo Is. 1 26
Paph. stonei var. latifolium Borneo Is. 1 26
Paph. fowlier Palawan Is. 1 36
Paph. robinsonii Malay 1 38
Paph. johorensis Malay 1 40
Paph. x wardii Burma 2 41

Contributon from the Hiroshima Botanical Garden No. 32

** The Hiroshima Botanical Garden

Bulletin of The Hiroshima Botanical Garden, No8:23-42, 1986.
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g 2 & R

4L 72 9taxa DELHEIETIZ VW TN L S8
DA E L ICI0~ 15BN BT A E S
DA QR R SBEI N, OB
DFZEEIL Tanaka (1971) DS¥RIC & 2 MM H
KUK L L, FEOMOEERL L LAY
b7z (cf. Karasawa 1979),

PRARR S BATHIR BRI A L 4 > T—REIC B g
SNPERNDBE LR LERTH - 72,

REAREKRIIE taxa BICZNFNEE ORI %
ALize ZOBEERILUTOEEN TH B,

1. Paphiopedilum malipoense S. C. Chen et Tsi,

2n=26, Table 1, 2, Fig. 1.

AFEIE, 19474412 K. M. Feng »HEZEHEE DMK
R CTHRE L 7288425 S. C. Chen & Tsi Zhan-huo
DHEETHDHZ L2 RHL, 1984ECTH L 281
WIETH B,

AFE|L Parvisepalum BB ICEL, HEEI S
WEL, BELOTL, EREHEAT, £210~20
em, BE, £RICETL, &IIHESEELIDH L, B
REIIEEGE & FABOTAME, ERIZE RER
TR B O MD IR SIE V B

TEEWESNL, E&30~40em, 11622173, 16
IBET7 ~ 8om, WEGBICHEOWEIIZVE, RE
I3k, EER LRITEAIZEII, £ & 4 ~4.5cm,
BARDEOFITA~E  IREEIZINN, &i3is
~H D, RBREETTETBELRETH S,

FRENLEAREIT 3ERT2n =262 EEL 72,5
REFPHILBERIC DWW TR S L BIRENAIE 2 HIE
L, #0#EFE%E Table 2120 72,

2n =26 HERERIT, RXH8.0um» 57.8
umFE THOHETERT L 4 BORBEPEE LRSS
6.1um7 5 3.0umFE THOEBA THEAYIT/NE o
T\ 2 22 /ISR & s b TR & N2 “HAEEIE
BERL T, 1, 2FBD 2 BORAKILE
Wz n2n1.7: 1. 90&HIC 5 D kb ERE) Rk
Thoteh, £3, 4FBD 2EOGEKIIB A
ZENENLEL L ATHEBEARE CH 72,585 ~26
FHDO2MEDGARIIBE A0~ 1. 60 EE 2 H 1)
HREEFAR TH - 72,

PEn & iz, XfED2n =260 h A ElkIT 4
A RIS AR & 22B o) /NI (R & 0 6 % B T AH
BT Z R L T 3 KRB n =267 & 4t
BLAEHESETT, RENER T Parvisepalum #
BICE ENBIEFENOTENLENZ T 4 HD KL

25 3
4\} w

AR
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Fig. 1. Paphiopedilum wmalipoense, 2n=26.
A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase, 2n=26. E, individual chromosomes at
mitotic metaphase. A, x 0.3. B-D, x600. E, x1200.
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BkbE VL (1.4~1.9) 2 L D& THE-OT S
nbd,

2. Paphiopedilum emarsonii Koopowitz et Cribb,
2n=26, Table 1, 3, Fig. 2.
AFE|ZPEEREAICE L, 198642 H. Koopowitz

* P.Cribb #EE#iL 2 HRIFLVHETH S,
AFE|3 Parvisepalum BEICEBT 5, FEIHH D

x5, BEEW, BE&15~23cm, FH, B TIRIZEBRE

B, 1ZiIC1T8%2217%, TRITFRAL, %8.5~9.5

em, A, REREIV, FEFIIERPE, &34

~4 . 5cm, MTESIZBILIIR, TERTICIIBBEER
£ 5, BREEABR (T, BIEHASE o R

BIIEIBHTEE 2en, #iZHEIT~M Y Rzt
B, REEHICEBBGOHRICREEIEIC
i35,

AIENOREMAEIT 1EERT2n =268 HEL 72,5
AP AR EARIC D W TR R X BHRIKDALE % B2
L, #0#ER% Table 3R L 72,

2n =26f@ o FIAEIRIE, &2 A510.3umAH 5 7.2
pumZE TOHEHTERT 2 L EORUREEMK LRI
6.9um#b 3. 7umE COHME THEMIS/IE (Lo
T B 22BN BAR & 5 b T S 1L 5 ZAHEER

WLRL T, 1, 2EFA® 2@ENOGEMKI,
EX5%10.3m&10.1ym T, Bilb sz ghnl.2£1.1
THMWRBEAERTH 72, B3, ¢EED2HENGE
BRIIEEH8.6umET7.2umTH 72, HEIHFHD
Pt fRIZ B A2 9 TCIRPFERENEARI TH > 72 5 4
#H B YA RIIB A3 . 8 TR BNR AT Th -7z,
55 ~26%HD2MEDRERDBILEIE1.0~1. 60

B & 0 RERBIRAILTH - 72,

DEn Lo, RENZRIZES, 4HEEORE
1, 2F/FEOYPBMICHTHL IS W
I FOBRESBO TS (2.943.8) Zr&T
BEDTLEN S,

3. Paphiopedilum concolor (Par. et Batem.)

Pfitz., 2n=26, Table 1, 4, Fig. 3.

ZAf&l3 Brachypetalum HEICET 5, 4 >~ F ¥
FEENLHERICHH L, BRI SLTERS
KEWSHBEEL ERIITEEFEENDLDT,
MR LMENTWIERD LD & IFTEEMICL R
%h, Thbb, REFLNKRE L, TEHTIZED
mv, FEAEXATERICIIE HICKE Lm—hk
2idv b, IR ERD b OHERRLET
FHRBEDICHL T, SEBELLMEED L DI

(‘3‘_‘\ 1 30:."
- fan s f”r”b 1359
’Eir*:v Ll At
= 4 F?‘ 5
Gt -
C D

19 20 26

Fig. 2. Paphiopedilum emarsonii, 2n=26.

A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase, 2n=26. E, individual chromosomes at
mitotic metaphase. A, x0.3. B-D, x600. E, x1200.
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HETRIZERICE 2,

FROREARIUI 1EAR T2 =262 8FL 72, 2
DREREIIFERDBE & —F L 72 (cf. Karasawa
1979) AP EIRAEKICIOWTE R L BIEARNAL
BEXREL, Z0#ER% Table 4 ISRL 72,

20 =26{H YR E, B & £11.8umA59.3
umE CTOHFETERT S L HORBREALREH
8.8um# 54.2umF THHBA THEAYIZ/IE{ 2o
T 522D/ NG R & A 5 FERL S 2 ZABRYA
BeRLTwiz, Bl1~4FBBo A fBnREkizh
B 1.0~1. 10&EHICH ) PHBIEER TH - 72,
5 ~26% B n2BORBIRD 5 B, 523, 25, 26
BHD BN REMAIIB LS. 8~1.90EHEICH Y
KRHFEFEERE TH - 7255, B 0I9EO G EMIT
BaLeH1.0~1.60&EHICH 1) REFBIFAARE ThH - 72,
F10%E B 0 PRAKIIREOWIIC kg Es L b4
DAFEERNO K E X131 1lumTH - 72,

PlEn L Hiz, AEN2n =260 bR EKIZ
Karasawa (1979) &% L7z P concolor @ 2>
) Type DD TN L L BA BB ERL,
107 B AT RERGLEIRIE P. concolor, Type 2 0
215, 16FB DAL ERLFELBETSH -2,
DI EHh L EERENRILIC P. concolor, Type 2

"5’
oy
o Mg =
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Fig. 3. Paphiopedilum concolor, 2n=26.
A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase, 2n=26. E, individual chromosomes at
mitotic metaphase. A, x0.3. B-D, x600. E, x1200.
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PREELTWBZ Edbhb,

4. Paphiopedilum supardii Bream et Loeb., 2n=

26, Table 1, 5, Fig. 4.

A%+ H. Supardi #*®R /L4 # @ Kuala Papas ¢
FHRL, 19852 G. J. Braem 5% & | CR# L
iz
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BBRADORALIT D BERITREMNL.5nTHE,
IRIESRIZIR, BICIIBBNEELBET 2,

FEOLEMEEIT 1 BART20 =262 EE L 72,5
REFHIR AR OWTES L HRENMIE » AlE
L, Z0#ER% Table5lo/RL 72,

2n =260 AR ERIT, REH12. 7umPp511.8
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10 11 12 13 14 16 16 17

Fig. 4. Paphiopedilum supardii, 2n=26.
A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase, 2n=26. E, individual chromosomes at
mitotic metaphase. A, x0.2. B-D, x600. E, x1200.

ARTHBE L0~ 1 4D EF 2 & 1) PEEYRER T 5. Paphiopedilum stonei (HK. f.) Stein var.
Hotz, latifolium hort., 2n=26, Table 1, 6, Fig. 5.
Pk k5o, A2 =26ME0 T EIREKIL 2 AFE(T Polyantha B/BICE L, MLIEHFEARILA
B RBG AL E L DR TEBOMN2N =2600F & 7 @ Sabah T19644F(#RE L 720 EATEICHAZED
R pBH% Lo, A P stonel IOEETH B ML Mok & e B e d—RIC ERRNBTHEEINT
EERNTWBIPEEN S 2 TIEES, 4FBN2ME Wb, BEREIL, 2~57LE22iT5, TEFEN
DRBERHIINE N ETEBITE S, 20cm, FEFIZEZ AW 5 em, HEBMITBIHROHE
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Fig. 5. Paphiopedilum stonei var. latifolium, 2n=26.
A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase, 2n=26. E, individual chromosomes at
mitotic metaphase. A, x0.2. B-D, x600. E, x1200.
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Fig. 6. Paphiopedilum fowliei, 2n=136.

6. Paphiopedilum fowliei Birk, 2n=236, Table 1,

7, Fig.'6.

AFEIL19794F 12 P. Matto 257 4 Y w B> o5
7B TRRAEL, 19814, L.A. Birk »55#L 72,

%8 (L Sigmatopetalum HEICE L, BETo
WX BIZET S P hennisianum 2T, L 0
B TEFAIIMER <, BT AU, Liizhbnsg,
FEREMOE, BEME, ES10~14em, KL
BiFEOFHRE, LEZEIL, £220~28cm, 1
2T 5, 163N Ien, EEFIZEEAT, %
BRIRE 4~ 6cem, BEAGEMICBERGAOHT S
FLARIE VB, TERIIRER, HEGE THREIIET
BEFHY, FRIGBERE, HEICITBEEANELE
BEET 5, BROKEIINA~AE, Brkhsd,
&3 P hennisianum HDFNEPUT B,

AREORGMAEIT 1 BE T2 =36 8% 7.5
HEPHIREEKIC DOV TR S & BIREANIE # %
L, Z0#ER% Table7 2R L 72,

2n =36ENFHIGEEN I b, 1, 2FHN 2
BOReERL R S D2 EN10.3um E8.5umb D) &

v :
4 °. she ‘ﬂ
"".’ .#- > %
. o
Appe ™
C D

Sf
-]

—
w
—
3
—
4
—
@

B&E
R
F -

nva

4 8

3

31

A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase, 2n=36. E, individual chromosomes at
mitotic metaphase. A, x0.3. B-D, x600. E, x1200.
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Paphiopedilum robinsonii, 2n=238.
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7. Paphiopedilum robinsonii (Ridl.) Ridl, 2n=
38, Table 1, 8, Fig. 7.
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A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase, 2n=38. E, individual chromosomes at
mitotic metaphase. A, x0.4. B-D, x600. E, x1200.
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Fig. 8. Paphiopedilum johorensis, 2n=40.
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40, Table 1, 9, Fig. 8.
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A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase, 2n=40. E, individual chromosomes at
mitotic metaphase. A, x0.3. B-D, x600. E, x1200.
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9. Paphiopedilum X wardii (Summerh.) Bream,
2n=41, Table 1, 10, Fig. 9.
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Fig. 9. Paphiopedilum x wardii, 2n=41.

A, flower. B, chromosomes at resting stage. C, chromosomes at mitotic prophase.
D, chromosomes at mitotic metaphase, 2n=41. E, individual chromosomes at
mitotic metaphase. A, x0.3. B-D, x600. E, x1200.
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Summary

Karyomorphological studies were carried out
on eight species and one variety in the genus
Paphiopedilum.

Chromosome numbers of the eight taxa, P.
malipoense 2n=26, P. emarsonii 2n=26, P.
supardii 2n=26, P. stonei var. latifolium 2n=26,
P. fowliei 2n=36, P. robinsonii 2n=238, P. johor-
ensis 2n=40 and P. x wardii 2n=41, were newly
reported.

The karyotype of P. malipoense was clearly
different from that of similar species of P.
micranthum. Arm ratios of four large chromo-
somes of P. malipoense were higher than those
of P. micranthum.

The karyotype of P. emarsonii was clearly
different from that of P. micranthum. One sub-
(No. 3) and one

subtelocentric chromosome (No. 4) were shor-

metacentric chromosome

ter than two metacentric chromosomes (Nos. 1,
2).

The karyotype of P. concolor investigated
was different from two types of P. concolor
previously reported by Karasawa (1979).

One satellited chromosome (No. 10) was simi-
lar to those of P. concolor Type 2.

The karyotype of P. supardii was clearly
different from that of P. stonei. Two chromo-
somes (Nos. 3, 4) were shorter than those of P.
stones.

The karyotype of P. stomei var. latifolium
was extremely similar to that of P. stonei.

The karyotype of P. fowliei was clearly dif-
ferent from that of P. hennesianum. P. fowlie:
had two submetacentric chromosomes. How-
ever, P. hennesianum had 10 submetacentric
chromosomes and two subtelocentric chromo-

Somes.

9. The karyotype of P. robinsonii which had
two submetacentric chromosomes (Nos. 3, 4)
was clearly different from that of P ap-
pletonianum.

10. The karyotype of P. johorensis was extreme-
ly similar to that of P. bullenianum.

11. P. x wardii which had two submetacentric
chromosomes was presumed as a natural hybrid
between P. wvenustum which had four sub-
metacentric chromosomes and P. sukhakulii

which had not submetacentric chromosome.

5 B X ™
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Table 2. Measurements of somatic chromosomes of Paphiopedilum
malipoense, 2n=26 at metaphase.

KOHJI KARASAWA

Relative

Chromosome Length (um) length ratio Form
1 3.0+52=280 6.4 1.7 sm
2 27+52=179 6.4 1.9 sm
3 31+48=179 6.4 1.5 m
4 32+46=178 6.3 14 m
) 28+ 33=6.1 49 1.2 m
6 25+31=56 4.5 1.2 m
7 27+ 27=54 44 1.0 m
8 23+25=1438 3.9 1.1 m
9 20+28=438 3.9 14 m

10 19+ 25=44 3.5 1.3 m
11 20+ 24 =44 3.5 1.2 m
12 20+24 =44 3.5 1.2 m
13 1.6 +2.6 =4.2 3.4 1.6 m
14 16 1 2.6 =42 3.4 1.6 m
15 1.8+ 2.4 =42 3.4 1.3 m
16 20+21=41 3.3 1.1 m
17 19+ 21=40 3.2 1.1 m
18 19+21=40 3.2 1.1 m
19 16 +2.2=2338 3.1 1.4 m
20 16 +21=37 3.0 1.3 m
21 16 +19=235 2.8 1.2 m
22 16+ 18 =34 2.7 1.1 m
23 15+ 18=233 2.7 1.2 m
24 14+18=32 2.6 1.3 m
25 13+18=31 2.5 1.4 m
26 14+ 1.6=3.0 24 1.1 m
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Table 3. Measurements of somatic chromosomes of Paphiopedilum
emarsonii, 2n=26 at metaphase.

Chromosome Length (um) %Zf;ﬁe i?ir; Form
1 47+ 56 =103 6.8 1.2 m
2 47+ 54 =101 6.7 1.1 m
3 22+64 =286 5.7 2.9 sm
4 15+57=172 4.8 3.8 st
5 30+39=69 4.6 1.3 m
6 32+37=69 4.6 1.2 m
7 24+39=26.3 42 1.6 m
8 24+37=61 4.1 1.5 m
9 29+31=6.0 4.0 1.1 m

10 25+34=59 3.9 1.2 m
11 25 +34=59 3.9 1.2 m
12 23+33=56 3.7 1.2 m
13 28 +28=56 3.7 1.0 m
14 22+31=53 3.5 1.2 m
15 19 +32 =51 34 1.3 m
16 22+27=49 3.3 1.2 m
17 20+ 28=48 3.2 1.4 m
18 19 +28=47 3.1 1.2 m
19 20+ 27=47 3.1 1.2 m
20 22+24=46 3.1 1.1 m
21 21 +23=44 2.9 1.1 m
22 19+ 24=43 2.9 1.3 m
23 1.9+ 23=42 2.8 1.2 m
24 1.7+ 22=39 2.6 1.3 m
25 1.6 +23=39 2.6 1.4 m
26 15 +22=37 2.5 1.5 m

35



KOHJI KARASAWA

Table 4. Measurements of somatic chromosomes of Paphiopedilum
concolor investigated, 2n=26 at metaphase.

Relative Arm

Chromosome Length (um) length o Form
1 55+ 63 =118 6.2 1.1 m
2 5.1+58=109 ) 1.1 m
3 49+ 51 =100 52 1.0 m
4 45+ 48=93 49 1.1 m
5 41+ 47=288 4.6 1.1 m
6 41+ 47 =288 4.6 1.1 m
7 40+ 41=81 42 1.0 m
8 37+43=28.0 42 1.2 m
9 38+41=179 4.1 1.1 m

10 30+37+11=178* 41 1.6 m
11 36+38=174 3.9 1.1 m
12 35+38=173 3.8 1.1 m
13 34+39=173 3.8 1.1 m
14 33+39—172 3.8 1.2 m
15 344+37=171 3.7 1.1 m
16 34+37=171 3.7 1.1 m
17 28+42=170 3.7 15 m
18 27+43=170 3.7 1.6 m
19 3.0+ 37=67 3.5 1.2 m
20 32+ 34=6.6 3.4 1.1 m
21 32+ 34=6.6 3.4 1.1 m
22 23+29=5.2 2.7 1.3 m
23 1.7+ 32=49 2.6 19 sm
24 18+24=42 2.2 1.3 m
25 15+27=4.2 2.2 1.8 sm
26 15+27=42 2.2 1.8 sm

* Chromosome with secondary constriction
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Table 5. Measurements of somatic chromosomes of Paphiopedilum
supardii, 2n=26 at metaphase.

Chromosome Length (uxm) Rlilrfgtiﬁe i?ir; Form
1 574+ 7.0 =127 6.2 1.2 m
2 53 +65 =118 5.8 1.2 m
3 42 +53= 95 4.6 1.3 m
4 38+50= 838 43 1.3 m
5 36 +50= 86 4.2 14 m
6 36 +48= 84 4.1 1.3 m
7 35+47= 82 4.0 1.3 m
8 33+46= 179 3.9 1.4 m
9 39+40= 79 3.9 1.0 m

10 34+45= 179 3.9 1.3 m
11 38+4.0= 178 3.8 11 m
12 36+41= 77 3.8 1.1 m
13 37+40= 77 3.8 1.1 m
14 36+40= 76 3.7 1.1 m
15 32+43= 175 3.7 1.3 m
16 32+39= 171 3.5 1.2 m
17 35+36= 71 3.5 1.0 m
18 35+36= 71 35 1.0 m
19 33+37= 170 3.4 1.1 m
20 34+35= 69 34 1.0 m
21 30+38= 638 3.3 1.3 m
22 28+ 40= 638 3.3 14 m
23 31+37= 68 3.3 1.2 m
24 33+33= 6.6 3.2 1.0 m
25 27+ 37= 64 3.1 1.4 m
26 314+33= 64 3.1 1.1 m
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Table 6. Measurements of somatic chromosomes of Paphiopedilum
stonei var, latifolium, 2n=26 at metaphase.

Chromosome Length (gxm) ﬁiﬁgﬁe I':;?; Form
1 6.2 + 6.3 =125 7.3 1.0 m
2 53 +5.8=111 6.5 1.1 m
3 52+ 53 =105 6.1 1.0 m
4 51+53=104 6.1 1.0 m
5 34+44= 78 4.6 1.3 m
6 33+44= 77 45 1.3 m
7 33+35= 638 4.0 11 m
8 33+35= 68 4.0 1.1 m
9 3.0+33= 63 3.7 1.1 m

10 29+ 34= 63 3.7 1.2 m
11 27+35= 6.2 3.6 1.3 m
12 29+31= 6.0 3.5 1.1 m
13 27+31= 58 3.4 1.1 m
14 26+ 3.0= 5.6 3.3 1.2 m
15 26 +30= 56 3.3 1.2 m
16 26 +29= 55 3.2 1.1 m
17 24+ 30= 54 3.2 1.3 m
18 21+32= 53 3.1 1.5 m
19 22+30= 52 3.0 14 m
20 26+ 26= 52 3.0 1.0 m
21 23+28= 51 3.0 1.2 m
22 24+26= 5.0 2.9 1.1 m
23 24+ 25= 49 2.9 1.0 m
24 23+26= 49 2.9 1.1 m
25 23+24= 47 2.8 1.0 m
26 1.8+24= 42 2.5 1.3 m




KARYOMORPHOLOGICAL STUDIES ON PAPHIOPEDILUM

Table 7. Measurements of somatic chromosomes of Paphiopedilum
Jowliei, 2n=236 at metaphase.

Chromosome Length (zm) Rlzlrflgtge irt-rircl) Form
1 51+52=103 6.8 1.0 m
2 41+ 44= 85 5.8 1.1 m
3 28 +33= 61 4.0 1.2 m
4 22+29= 51 3.4 1.3 m
5 1.3+37= 50 3.3 2.8 sm
6 21+29= 50 3.3 14 m
7 23+24= 47 3.1 1.0 m
8 23+24= 47 3.1 1.0 m
9 21+24= 45 3.0 1.1 m

10 18 +24= 42 2.8 1.3 m
11 15+26= 41 2.7 1.7 sm
12 19+21= 40 2.6 1.1 m
13 1.7+23= 40 2.6 1.4 m
14 16 +23= 3.9 2.6 1.4 m
15 16 +21= 37 2.4 1.3 m
16 1.7+19= 36 2.4 1.1 m
17 d+57= 57 3.8 <oo t
18 d+54= 54 3.6 <oo t
19 d+54= 54 3.6 <co t
20 d+53= 53 3.5 <co t
21 d+35= 35 2.3 <co t
22 d+34= 34 2.3 <oo t
23 d+33= 33 2.2 <o t
24 d+31= 31 2.1 <co t
25 d+31= 31 2.1 <0 t
26 d+31= 31 2.1 <o t
27 d+31= 31 2.1 <o t
28 d+30= 30 2.0 <oo t
29 d+30= 3.0 2.0 <o t
30 d+29= 29 1.9 <o t
31 d+29= 29 1.9 <o t
32 d+29= 29 1.9 <o t
33 d+29= 29 1.9 <o t
34 d+27= 27 1.8 <co t
35 d+26= 26 1.7 <o t
36 d+24= 24 1.6 <co t
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Table 8" Measurements of somatic chromosomes of Paphiopedilum
robinsonii, 2n=38 at metaphase.

KOHJI KARASAWA

Chromosome Length (um) Rlzlriigtge f;t;z Form
1 48 +54 =102 59 1.1 m
2 48 +50= 938 5.7 1.0 m
3 21+ 46= 67 3.9 2.2 sm
4 22+41= 6.3 3.6 1.9 sm
5 21+ 34= 55 3.2 1.6 m
6 23+27= 50 3.0 1.2 m
7 23+27= 50 3.0 1.2 m
8 22+26= 48 2.8 1.2 m
9 23+23= 46 2.7 1.0 m

10 18+ 23= 41 2.4 1.3 m
11 1.8+ 23= 41 2.4 1.3 m
12 1.8+23= 41 2.4 1.3 m
13 18+ 22= 40 2.3 1.2 m
14 1.7+ 23 = 40 2.3 1.4 m
15 d+54= 54 3.1 <o t
16 d+53= 53 3.1 <o t
17 d+53= 53 31 < oo t
18 d+51= 51 3.0 <o t
19 d+43= 43 2.5 <o t
20 d+43= 43 2.5 <o t
21 d+43= 43 2.5 <co t
22 d+42= 42 24 <oo t
23 d+41= 41 2.4 <oo t
24 d+41= 41 2.4 < oo t
25 d+41= 41 24 <o t
26 d+4.0= 4.0 2.3 <o t
27 d+39= 39 2.3 <oo t
28 d+39= 39 2.3 <oo t
29 d+39= 39 2.3 <o t
30 d+36= 36 2.1 <o t
31 d+35= 35 2.0 <o t
32 d+35= 35 2.0 <o t
33 d+33= 33 1.9 <o t
3 d+33= 33 1.9 <o t
35 d+29= 29 1.7 < oo t
36 d+28= 28 1.6 <o t
37 d+27= 27 1.6 < oo t
38 d+27= 27 1.6 <co t

d : dot
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Table 9. Measurements of somatic chromosomes of Paphiopedilum
johorensis, 2n=40 at metaphase.

Chromosome Length (xm) Rlzlr?gtge g?ir(l) Form
1 29+46=175 3.6 1.6 m
2 25+46=171 3.5 1.8 sm
3 32+ 35=6.7 3.3 1.1 m
4 32+34=66 3.2 1.1 m
5 28 +28=256 2.7 1.0 m
6 27+ 27=54 2.6 1.0 m
7 25+28=53 2.6 1.1 m
8 26 +27=53 2.6 1.0 m
9 24+ 27=51 2.5 1.1 m

10 23+28=51 2.5 1.2 m
11 25+ 26=51 2.5 1.0 m
12 24+25=49 24 1.0 m
13 d+75=175 3.6 <oo t
14 d+67=67 3.3 <oo t
15 d+65=65 3.2 <o t
16 d+63=63 3.1 <o t
17 d+60=6.0 2.9 <o t
18 d+58=538 2.8 < oo t
19 d+58=58 2.8 < oo t
20 d+56=56 2.7 <o t
21 d+52=52 2.5 <o t
22 d+51=51 2.5 <o t
23 d+49=49 2.4 <oo t
24 d+49=49 24 < oo t
25 d+48=48 2.3 <o t
26 d+48 =438 2.3 <o t
27 d+46 =146 2.2 <oo t
28 d+44=144 2.1 <o t
29 d+43=43 2.1 <oo t
30 d+43=43 2.1 <oo t
31 d+43=43 2.1 <o t
32 d+42=42 2.0 <co t
33 d+41=41 2.0 <co t
34 d+40=40 1.9 <oo t
35 d+39=39 1.9 <oo t
36 d+38=38 1.8 <o t
37 d+37=37 1.8 <oo t
38 d+35=35 1.7 <o t
39 d+35=35 1.7 < oo t
40 d+34=34 1.7 <o t

41
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Table 10. Measurements of somatic chromosomes of Paphiopedilum
X wardii, 2n=41 at metaphasé.

KOHJI KARASAWA

Relative

Arm

Chromosome Length (xm) length ‘atio Form
1 6.4+ 65=129 4.3 1.0 m
2 59+ 6.5 =124 42 1.1 m
3 43+ 68 =111 3.7 1.6 m
4 45+ 55 =100 3.3 1.2 m
5 46 +50= 9.6 3.2 1.1 m
6 37+ 50= 87 2.9 14 m
7 23+62= 85 2.8 2.7 sm
8 25+55= 80 2.7 2.2 sm
9 33+44= 77 2.6 1.3 m

10 35+39= 74 2.5 1.1 m
11 34+38= 72 2.4 11 m
12 27+44= 171 24 1.6 m
13 d+95= 95 3.2 < oo t
14 d+86= 86 2.9 <oo t
15 d+84= 84 2.8 < oo t
16 d+82= 82 2.7 <co t
17 d+82= 82 2.7 <oo t
18 d+79= 79 2.6 <o t
19 d+79-—- 79 2.6 <L 00 t
20 d+78= 78 2.6 <o t
21 d+73= 73 24 < oo t
22 d+73= 73 24 <co t
23 d+71= 71 2.4 <oo t
24 d+71= 71 2.4 <oo t
25 d+68= 68 2.3 <oo t
26 d+66= 66 2.2 <oo t
27 d+66= 66 2.2 <o t
28 d+66= 66 2.2 <o t
29 d+65= 65 2.2 <o t
30 d+64= 64 2.1 <o t
31 d+56= 56 1.9 <oo t
32 d+56= 56 1.9 <o t
33 d+55= 55 1.8 <o t
34 d+53= 53 1.8 <o t
35 d+53= 53 1.8 < oo t
36 d+52= 52 1.7 <o t
37 d+50= 50 1.7 <oo t
38 d+48= 438 1.6 <co t
39 d+48= 438 1.6 <o t
40 d+41= 41 1.4 <o t
41 d+21= 21 0.7 <oo t

d : dot
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Cytogenetic studies in the interspecific hybrid Calanthe reflexa X C. masuca*
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Fig 1. Calanthe reflexa and C. masuca
Calanthe reflexa (A, C, E) , C. masuca (B, D, F).

A, B, Flowers (X1.2). C, D, Cross section of leaf (X80) E, F, Stomata in lower
epidermis of leaf (X200)
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Fig 2. Two types of interspecific hybrid of Calanthe reflexa X C. masuca
Type R (A, C, E) , Type M (B, D, F)
A, B, Flower (x1.2). C, D, Cross section of leaf (X80)
E, F, Stomata in lower epidermis of leaf (X200)

45
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KARASAWA, ISHIDA and ISOBE

Table 1. Comparison of morphological characteristics of Calanthe Studies

— Material C. reflexax C. reflexa X
. \ C. reflexa C. masuca C. masuca C. masuca
Part Type R Type M

Color Pale violet Strong violet Palselrvoig‘l;ezit& e Palsetrv;g;egitoti ?
Length of flower stem 20~40cm 30~60cm 20~40cm 20~60cm
Numbers 10~20 10~20 10~15 10~25

— Natural spread 22mm 46mm 34mm 39mm
Dorsal sepal ~ Length X Width 17 X 6mm 22X 12mm 20X 10mom 25X 11mm
Petal Length X Width 14 X1.5mm 20 X11mm 18X 7mm 20X 10mm
Lateral sepal ~ Length X Width 18 X 6mm 22 X 10mm 22X 9mm 25X 10mm

Flower |Lip Length X Width 13 X 8mm 14 X 18mm 14X 13mm 15X 16mm

Curve of lateral sepal 90° from petal | 0° from petal | 45° from petal | 30° from petal
Form of lip
Callus of lip = + + N
Length of spur 0 36mm S5nm 12mm
Thickness 0.23mm 0.25mm 0.20mm 0.35mm

— Length X Width 10~30X3~6cm | 30~40X10~15cm | 20~30 X 6~9cm | 30~40X8~11lcm

Leaf | Numbers of stomata in lower epidermis 26/mr 35/ mn 27 /mt 19/me

Numbers of hair in lower epidermis 0.5/ mr 16/mt 4/mr 6/ mr
Length of guard cell 50xm 42pum 42um 46um
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AL 2 10EEROERME S Yy e A X T+ /T
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AMOEWER L L UELE 2R TEEE No 7 ~10)
KT Z e Tal, EEEN1~6%2RIA7
&L, RN 7 ~102MS A 7k L7z,

1. SHERTZRE
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emdb ), TEZE TR THRMEBIETEL THUHEH 7,
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LRICETEA S b7z, X510~ 158 nTE%
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Fig 3. Chromosomes of two types of interspecific hybrid of Calanthe reflexa X C.
masuca.
Type R 2n=40 (A, C,E) , Type M 2n=60 (B, D, F)
A, B, resting stage. C, D, Mitotic prophase
E, F, Mitotic metaphase (x1,200)
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Fig 4. Mitotic metaphase chromosomes of two types of interspecific hybrid of Calanthe

reflexa X C.masuca.
Type R, 2n=40 (A), Type M, 2n=60 (B)
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FVIEREAFTHTIEROERBEENORS AT
(2n =40)ix, fofs, 168, BEORE, TBOASK
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SIE LMoL UFH, BRRENDENEEDER
#icBWT, MECHHEBFELRL2, T2, &
RMEOMS 1 7 (20 =60) i3, TEEXENES, 1b¥,
e BERERSRIR, ¥k, ER, EhH, BRI
FNHER LR, TEFDZNR)ZE, BROK,
BEHOBEKER, BEOEE, EORI LIE, FED
B2, EmEENEOTE, ILOMBOKESICSE
W, RIATEINKRELEELRL, EDIFTELA
EH, AT IE R OBESTEITES &> Tz,

(X 2,400)

VT ERIEEICED T H40EDRAKE
L b, BREERISRFEICAET 5 2 o fsk s,
B BRI ICAIE S 2 L EOREK (HELZRE
HE L), #LTC, KRB TR &SR
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N ¥E#-IT 5 N3 (Tanaka, Karasawa & Ishida
1981},
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24 h, BIFRAIRAERICALE T 2 EAYE v 8 4
HEEARIC L RO 515 (Tanaka, Karasawa
& Ishida 1981),

SEBECHEL LTV IERE AT A LIERDIE
RIMIENR ¥ 4 73, 2n =400k z L b, 20
BT, BIFRARFERE & UTRIRERICAIE § 5 R
HOBITIVMED D, TWHROBOATTOHESIT—ET
b, Fi, TREET TR EROSEIESIC
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Bl 1BEORBRIBEIN, TYICANTK
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FITENTBEETT I E L IS - 72,

¥ L3

1, BMRES VIV AXTFHIERD 2 ONE
% 5 EOIRD T RE Ry, BB, ks
BIFFFE %47 - 72,
2. 4ARRoEMMEOLEEAEII2ZN =40TH Y,
7 6 RNIERMMRE O EAIII20 =60TH - 72,
3. 2RMNEHMEDS IR EES & B TZBE
i3, 7Y IEREA ST A0FEEETL,
3RO HERIRFIL 2 DL D L A7
I YRS 72,
4, ARERMED 2 FEROEEESE2 0 =4013, 7
ITEADREERD 1M (n=20) &4 FHrzb R
DEREAED 1M (n=20) & THHEIATHW,
—H, FEMMERE 3 FROGAREE20 =601,
FTYIERADRERD LB (n=20) $4F+Hx
EADEREMND 24 (20 =40) & TREINLE

H3BERTH 72,
Summary

1. Morphological, anatomical and cytological
studies were carried out on ten plants grouped
into two different types of the interspecific
hybrid of Calanthe reflexa X C. masuca.

2. The chromosome numbers of the interspecific
hybrids of the four plants were counted to be
2n=40 and the other six plants were counted Lo
be 2n=460.

3. The external and the anatomical characteris-
tics of two types of these interspecific hybrid
showed the intermediate shape between
Calanthe reflexa and C. masuca. The mor-
phological features of the triploid plants were
similar to those of C. masuca than those of the
diploid plants.

4. The chromosomes of 2n=40 of the diploid
plants were consisted of a set of chromosomes
(n=20) of Calanthe reflexa and a set of chromo-
somes (2n=40) of C.masuca. On the other hand,
the chromosomes of 2n=60 of the triploid
plants were consisted of a set of chromosomes
(n=20) of C. reflexa and two sets of chromo-
somes ‘2n=40) of C. masuca. Thus, this triploid

should be an allotriploid.

£ F X &

B R (1964) 7>, FE¥R &3E3E, HorEiricH,
R,

REERE - BERMR (1969) Tbvx & 2o, &
TEFEH, FHF,

Tanaka, R. 1971. Types of resting nuclei in Or-
chidaceae. Bot. Mag. (Tokyo) 84:118
122.

(1973) REHMEY LSV XF IR EZ
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DB TE, B AW HLH19% 25 3 yomorphological observations on
—5, Calanthe of Japan. Bull. Hiroshima Bot.

., K. Karasawa & G. Ishida. 1981. Kar- Gard. 4:9—62.
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Table 2. Measurements of somatic chromosomes of interspecific hybrid
Calanthe veflexa X C. masuca at mitotic metaphase, Type R, 2n=40

KARASAWA, ISHIDA and ISOBE

Relative

Arm

Chromosome Length (uzm) length ratio Form
1 24+40=64 3.7 1.6 m
2 3.0+31=61 35 1.0 m
3 24+ 35=59 34 1.4 m
4 21+36=57 3.3 1.7 m
5 23+33=56 3.2 1.4 m
6 15+41=56 3.2 2.7 sm
7 26+29=55 3.2 1.1 m
8 23+28=51 2.9 1.2 m
9 20+31=51 29 1.5 m

10 22+28=5.0 2.9 1.2 m
11 20+ 3.0=50 2.9 1.5 m
12 20+ 28 =438 2.8 14 m
13 1.74+31=438 2.8 1.8 sm
14 1.7+29 =46 2.6 1.7 m
15 20+25=45 2.6 1.2 m
16 19+ 26=45 2.6 1.3 m
17 20+24=44 2.5 1.2 m
18 20+24=144 2.5 1.2 m
19 20+ 23=43 2.5 1.2 m
20 20+ 23=43 2.5 1.2 m
21 19+24=143 2.5 1.2 m
22 1.7+ 25=42 24 14 m
23 14+28=142 24 2.0 sm
24 1.3+29=42 24 2.2 sm
25 17+24=41 24 1.4 m
26 17+24 =141 24 14 m
27 16 +24 =140 2.3 1.5 m
28 1.2+ 26 =338 2.2 2.1 sm
29 16+ 2.0=23.6 2.1 1.2 m
30 14+20=34 1.9 1.6 m
31 09+25=234 1.9 2.7 sm
32 15+18=233 19 1.2 m
33 1.0+ 23=233 19 2.3 sm
34 15+1.7=32 1.8 1.1 m
35 12+19=31 1.8 1.5 m
36 06+23=29 1.6 3.8 st
37 09+19=28 1.6 2.1 sm
38 0.6 +20=26 15 3.3 st
39 10+13=23 1.3 1.3 m
40 1.0 +13=23 1.3 1.3 m




Table 3. Measurements of somatic chromosomes of interspecific hybrid
Calanthe reflexa X C. masuca at mitotic metaphase, Type M, 2n=60

CYTOGENETIC STUDIES IN CALANTHE

Relative

Arm

Chromosome Length (um) length ratio Form
1 2.0+ 33=53 2.5 1.6 m
2 2.0+ 33=53 2.5 1.6 m
3 23+29=52 2.5 12 m
4 21+30=51 24 14 m
5 21+30=51 2.4 14 m
6 20+ 31=51 2.4 15 m
7 16 +3.0=46 2.2 1.8 sm
8 20+ 25=45 2.1 1.2 m
9 1.8 +26=44 21 14 m

10 18 +26=44 2.1 14 m
11 20+ 23=43 2.0 1.1 m
12 20+23=43 2.0 11 m
13 1.7+ 26=43 2.0 15 m
14 1.7+26=43 2.0 15 m
15 15+28=43 2.0 1.8 sm
16 1.6 +25=4.1 1.9 1.5 m
17 16 +25=41 19 15 m
18 16 +22=38 1.8 1.3 m
19 16 +22=238 1.8 1.3 m
20 1.3+25=238 1.8 19 sm
21 1.3+25=38 1.8 1.9 sm
22 1.7+ 20=237 1.7 11 m
23 16 +21=37 1.7 1.3 m
24 1.7+ 18=35 1.6 1.0 m
25 1.7+18=35 1.6 1.0 m
26 15+ 20=35 1.6 1.3 m
27 1.3+ 21=34 1.6 1.5 m
28 13+21=34 1.6 15 m
29 11+23=234 1.6 2.0 sm
30 11+23=34 1.6 2.0 sm
31 15+1.8=33 1.6 12 m
32 13+2.0=33 1.6 15 m
33 1.3+2.0=33 1.6 1.5 m
34 13+20=33 1.6 15 m
35 16 +16=32 15 1.0 m
36 11+21=32 1.5 1.9 sm
37 1.1+21=32 1.5 1.9 sm
38 1.2+16=28 1.3 1.3 m
39 1.1+17=28 1.3 1.5 m
40 1.0+18=238 1.3 1.8 sm
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KARASAWA, ISHIDA and ISOBE

Table 3. (continued)

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

10+ 18 =28
05+23=28
13+14=27
13+14=27
11+16=27
10+ 16 =27
10+16=26
1.0+16=26
08+18=26
08+18=26
06+19=25
06+19=25
10 +13=24
10+13=24
08+15=23
08+15=23
05+16=21
05+16=21
08+12=20

08+09=17

1.3
13
13
13
13
13
12
1.2
1.2
12
1.2
1.2
11
11
11
11
1.0
1.0
1.0
0.8

1.8
4.6
1.0
1.0
1.5
1.6
1.6
1.6
2.2
2.2
3.1
3.1
13
13
1.8
1.8
3.2
3.2
15
11
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