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SYNOPSIS

The karyotype is very important to study the Process of
evollution, the relationship between the plants, and also
the basic research for the breeding by crossing . The kar—
yotype analysis has not been tried enough . So there are
very few reports about the tree species especially . Suc—
h being the reason, the cytogenetical studies has been
carried out and discussed on the ten species of Cupressac—
eae , Pinaceae and Araucariaceae . The name of species
on which the karyotype decision was made were as follows
Cupressus arizonnica Greene, Cupressus sempervirens L .,

Libocedrus decurrens Torr ., Chamaecyparis formosensis

Matsum ., Picea Glehnii Mast ., Picea excelsa Link,
Picea canadensis B S P, Tsuga Mertensiana Sarg ., Pseu—
dotsuga Douglasii Carr ., and Araucaria brasiliana A .

Riech .. And then the karyotype analysis based on statisti—

cal analysis of the chromosemes morphology were carried

out on the two Cupressus species, four Chamaecypar—
is species and three pPicea species . From the results of
these investigations, the basic informations about the r—

elationship of the species and for the study of breeding

by crossing etc . could be obtained .
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Table 1. Materials used in this investigation

e # B & i # FEFER IS ( BRENAE )
Family Genus Species Source (collected year
FUSFARF 4407 (1969)
4 kRF C.arizonica Greene Italy
Cupressus | f 29794712 4497 (1969)
C.sempervirens L. [taly
B £ & 4= Bt e 7A)HPEE (1971)
Cupressaceae Libocedrus | L.decurrens Torr. Western part of U.S.A,
k. F i = o
Chamaecyp- =T o ®\ (1971)
aris C.formosensis Matsum.| China
FhEU JeifgE (1969)
P.Glehnii Mast. Hokkaidoh , Japan
RS e I AR Ny B M (1971)
Picea P.excelsa Link Europe
hFF ok FAVR, weRaiM (197
E e P.canadensis BSP Wisconsin , U.S.A,
Pinaceae
v ANTF L ARYH FTAYS TALEN (1969
Tsuga T.Mertensiana Sarg. Idaho , U.S.A
RHY TS LA s TVT e T (

Pseudotsuga

P.Douglasii Carr.

FravAF

Araucariaceae

+avAF

Araucaria

Cana

TIUNTFITRYT
A.brasiliana A.Rich.

Briti'shcolumbia ,
3o (1968)
Brazil
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Table 2 Number of plates used for the decision and analysis

of karyotype

ff % FUrts— b

Name of spcies No. of plates
FTUVSF A FAF
C.arizonica Greene 2
ARVTFHAT VA
C. sempervirens L. B
b = i
L.decurrens Torr. &
~N=t
C.formosensis Matsum. J
ThzZ =Y
P.Glehnii Mast. .
F—pysNhUE
P.excelsa Link 3
NFEETE
P.canadensis BSP 3
AT AIH
T.Mertensiana Sarg. 3
U5 AER
P.Douglasii Carr. *
TIONTIOhRYT
A.brasiliana A. Rich. ' 3

1) » &
1. LT — bR
TS — MERIE, KE{DT B L, 857 ¢ VRS ML SR UED 2 kb d B b,
B2 R LERA O,
fLORUIRIC L 5T, RO R EMA 2 BT 5 B4, SIS EOPII TR L] S &, ol
OB IEE S0, RESEE T, b b BIEH. 55 OF s o ARGt 2 I i e T &
HEEDNETH B,
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Table 3 Treatments by tree species (1)
LB S (A LML)
i 4, i it Starting time
Name of species Month A L R [ e
Pretreatment Fixing
TVSFARAF 3 ~ 4H 9:30~10:00|10:00~ 10:30
C.arizonica Mar. ~ Apr.
42N 7H4AT LA 4 ~ 58 9:30~10:00|10:00~ 10:45
C.sempervirens Apr. ~ May
SEr 3 B 9:10~ 9:20| 9:20~ 9:40
L.decurrens Mar
A E 9 ~10H 8:30~ 8.:45| 9:00~ 9:30
C.formosensis Sept. ~ Oect.
ThES 114 6:30~ 9:00 7.:00~ 9:00
P.Glehnii Nov.
ERle AN N 9 H 104 8.45~ 9:00| 9:00~ 9:15
P.excelsa Sept. ~ Oct.
hH+&hoe 1 0H 900~ 9:15| 9:00~ 9:30
P.canadensis Oct.
AT o AIH 2 H 9:00~ 9.15| 9120~ 9145
T.Mertensiana Feb.
5 2E L 9 ~10H 8:45~ 9:15| 9:00~ 9:30
P.Douglasii Sept. ~ Oct.
TSoNTIONYT 11 ~12H8 9:00~ 9:20| 9:20~ 9:40
A.brasiliana Nov. ~ Dec.
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Table 4.

womoEZ (o2 )

Treatments by tree species (2)
A b IR§ Eil [& 7
’ Time of treatments EFNT T b
& # D BEOBE
Name of species |BILERCRFE) |BEWSE) A8 (53) | Fixing solution
Pretreatment |Fixing | Hydrolysis | ethylalchol:
(hours) (hours ) | (minutes) acetic acid
FOSF4 bARF 48 24 6 ~ 7 2 1
C.arizonica
440V T7H4 TR 48 2 4 6 ~ 7 2 1
C.sempervirens
F= e 2 4 2 4 1~ 5 3 1
L.decurrens
woE 24 24 9 i 1
C.formosensis
FH I 24 2 4 6 3 1
P.Glehnii
ST N R 2 4 24 5 3 1
P.excelsa
hFHboE 24 48 5 3 101
P.canadensis
AT A 2 4 24 6 3 1
T.Mertensiana
75 AE R 2 4 2 4 B e & 3 2
P.Douglasii
TI2oNTIIHYT 24 48 6 ~ 7 2 1
A.brasiliana

He 8 & ORI E &

Pk ORIEI b1 » Tk, ROESB RS, FREESFEREALNDS TL 85 — iiD

W, BHMBITS R L D,

1700~3000 FHICHAA LTSGR ER L, (I A BAMR S T AP SF/S
BB B LRV, SHEOREMCEE V2 LT, FREKCARES 2L, 7 154 7 —
EPRWTRESHERZBS -1,
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B T W its
(4) EEEORDULA
A © DT 2 HV, BRI T 2 & SdAR, REIEEET 2 & 53R Ft2d 3
il (2] O i

&_%ﬁﬁ%wﬁﬁﬁ
() A—HEAOTL/S5— MEORE

Al el —Mi N O O EOIERIZ, $NTHEUBETH S &0 ) (IR D b i,
MIRF L85 — FEICESHHE DN TL B EELLNADT, RO LB H, BEOEFEICONT
BatUtce 26, HNER ZOWE EEESOM%E & H AS0DT, T8 — MEOBEICHL A
ZEWRTEIIL,

[E—HfE A O & o gtk NEESRI U T hiud, FERRe 2 Mldiicsuncd, MR
leE2BITTHEH6, CORMBLOMEHNTHEDT 2BV, FL/97 — MEE & R
e ( 5% —KE) BHELEIDDORELB L 512, TORE, TL/¥7— MEEY
e 4, e OROERIIC DY 5 R ARG, I oIt RI oW T R R C v, {8
R DOYERIICIE ( 5% —KEE) BdH 20 Eb R HIEL 1

He opmikiic, HES L cHNETESED oA HEE, 3 61z otaffolilt
WX CHRRI oW, FEME AR OLERE ( 5% —/KiE) 2E /a0, TR 6 ORREBL T
Pt kAt oD S B UL T é B AR Ml A O AT R FIE L T (% OB (AR FE ORI
WRBLK -1,

(2) R—mPI DM D R

FA—oRiET 2ERoLER, 08 el T, TTHERS X M RIC>WTa#aHh

el v, REOAMOEOEBER L Iz, £ OFR, o ROERICERED 6 05551
g



1 2 AR 3 SHEER ORELC BT 2 019, KORHEIFER , 75, 1976

FENOBTE & AR 5T, S ikE ER OFBITIE 2B T8 -1,

$ 1o, kel kR E BT 3 Rtk i ov Tk, A h T hololiRibs X
SHEICED LSS 13, KD b IR T TOMNEY. MHkoENERHOTEOAEE
B L e

7. BARDEEZ
WBIFE O S E. WEF (45), (LB (84) mEflx DAL ® 505, FHE, LE(114) D5
MR - 12,



SASAKI;Y.: Karyotype studies on some conifers.
Bull.Ooita Pref. For. Expt. Stn.., M7.1976

T EEREREB LU

(1) e/ %8 ( Cupressaceae ) OB 3s J (XL AU 47
1. 4 FRAFE( Cupressus )

(1) ZUVF4 FRF (Cupressus arizonica Greene )
1) =B#ESR

AR oEMRtakE, FIMCRT BT, RAEKE 2n=22Th -1, 1. K
Rk ORERIE, E2BUCRT &6 TH Y, Th 6 DREKHICAERIR S hzh -
12 8%, “IRIEERG T 2 tth% 2 WHHEE L I,

Hi@EOHEN RS & CHERO FEiE, B XoRT 80 Th Y, HHRIR .00~
560, Bifiktd 0719~ 0965 OMETH - 12,

Bs5&E TV N AXOHMES L CREHL

Table 5 Relative length and arm ratio of the chromosomes

of C. arizonica

- EiE| of Fc i _ :
ofts e & f
Relative length Arm ratio
Chromosome -
No Vg il £+ EEERE | AR St fif £ el A2 SR
M.V.+tS.D. C.V.(%) M.V.XES5.D. C.V. (%)
I 560+ 035 6.2 5 0.892 + 0007 0.8 2
I 505 4+ 015 2.97 0,965 + 0018 L91
| 483 +019 3.9 3 0.868 + 0014 1.57
Dk 4.69+018 3.8 4 0.884 1+ 0019 209
v 465 +0.24 516 00960 + 0014 1.4 7
W *® 450+ 014 311 0.786 = 0029 3.6 9
Vi 438 +0.23 525 0,961 = 0017 1.7 2
il 415+ 015 3.6 1 0.874 + 0011 1. 20
X 4209+027 6.6 0 0788 + 0023 2.8 6
X 408+ 024 5 8 8 0719 £ 0009 1.2 2
X 400 +019 4.7 5 0941 + 0014 .43

Remark § Mark (jﬁ shows the chromosomes having a secondary

constriction on the short arm



ek AFGHI 3 SHEMO BT 2 190, ROYRMEANTH , 5745, 1976

NEMTORET, BREE 7185 — M5, B a2 OREERBICESED s hic
(B6£), 212, AMEL BropmkBlicEsBYohic (7).
FeFE FYS A4 AFORELSRGTE

Table 6 Analysis of variance of arm ratio of C. arizonica

i A ST W5 fn S S Ea i e
S.V. D.F. SuniSiy M.S. F
o £ 65 0.4191
Total
B T S - | 10 0.4035 004035 130,16 K
Within chromosomes
7T v — I8 5 0.0003 0.00006 0.19
Between plates
i 7 50 00153 0.00031
"Errors

Remark ! Jok—significant at 1% level

BTE TIVIFA b AFOHNESHRE

Table 7. Analysis of variance of relative length of C. arizonica

# S ShasliEA N5 ORI RIS S R5] 7 MO
SV Di:F S5 M.S. F

E5) £ 65 169346
Total

Btk 10 142823 142823 296 2K

Within chromosomes

i 72 55 26523 0.04822

Errors

-Remark | >k —significant at 1% level

6T, BRORAHEDORELS L CHHRICOWTOH 60 2 HEMOLE 26T /0,
INLOMREE DT, FROKBABOBIFIERRT & F8ROEBHTHE, T4
bbb, PV ERFIRAKEINTES, Fo, B0 &EVROEIENES L CE-IC
IS, SNV Rt s IR IR R T B T &b b HIT A 12,



SASAKI.Y.; Karyotype studies on some conifers.
Bull. Ooita Pref. For. Expt. Stn.. N7,1976

B8 TN A N AF O A RINE £

Table 8 Significance of morphological difference of the

chromosomes of C. arizonica

Chromosome

i X X K M v @D 1 1

=
=

v

w

O OO0 OO0 00

Remark 5 1)Mark O means the significant

OO0 00000 O0O0
O 000000 O0o0O0
N OO O OO0OO0OO0O

difference at 5% level.

2) Mark X means the no signifi-

xR ES@ <682 = -

cant difference at 5% level.

N

Fro, CHREOMEIR, FORICRTLBHTHH, BV, PURGEHKE, ThThof
Bl =z LT b, FOMEuT TR oy o BEEL h Th 17,

Table 9. Position of secondary constriction of C.arizonica

e ot (£ F OF g+ fmHE R EHURE (%)
Chromosome No. M.V. + S.D. €.V
I\ Wk =
¢ ) 0339 + 0008 227
Short arm
LERC I 0367 + 0011 311
Short arm
PEofERb e, 70U +4 b 2FoREakoTtcEbahs,
K(22):2Am'+"2Bm+2Cm+2('SDm—i—ZErln+2EI;P+2CSFH]+ZGH]

N
.Al 37



{5 2 KA 3 SHIEHOBANCEIT 20178, RORMEITR , 575, 1976

e, BN, BIKICTRTLENTH %,

o -
» o s ‘ i
i : p ‘v gt e i See -
et - il .
. w, E r Eg %
I owase e, 2\
J_#‘

IR 7YY A4 b AXOEKMIZGEA

Fig.l Somatic chromosomes of C.arizonica

1.0

. 17
“ s g
- 3 22 l.'
had | YRR
13
o8t = 0
21 12
...
0.7t !
O
2
4]
@ 06
£
|
< 05}
04}
03}
0 30 40 50 60 70

Relative Length
P2 TN FA b A OHER GO HEE]



SASAKI Y. ; Karyotype studies on some conifers,
Bull. Ooita Pref, For. Expt. Stn., N7,1976

Fig.2 One example of homologous chromosomes in C. arjizonica
Remarks; 1) Mark X shows the chromosome having a secon-
dary constriction
2) Pair of homologous chromosomes:

1—18,2—-13,3-11,4—-10,5—22,6—14, 7—19
8—-17,9—15,12—21,16—20

I il

v v v v v KX X

’

Xl

B3 TV FA b AFORBREE

Fig.3 Idiogram of chromosomes of C. arizonica

2) £ &
KO REFEIC TR, MEHRA

et al

(51)Mn=11ThsC¢t%», FHUNZ-
HL TV AH, BN 2 S/ mE I 00,

FHE, AEOREEIE 2 n=22Th AT & 2HERLIL, Jalkr AS SOIFEST 5 &
oA E s o2 idie <, BEEO fE .

IKER(19) M 2n=22ThsrT L # Y

L2 SRR ER T, a3 _THETH B,
s, BN, SVREaAiE, FhEhomiic s+ 5 0 & #H%EL

BT 5 1 NONREERGEEAERE S hish -1,
(2) 4% U7HA4TLAX( Cupressus sempervirens L. )

1) RE#ER

v B FRELOR o

A OEMERAEIE, PFIBNRT EEH T, BEENII 2 n=22Th -1, Fto, HHEL

BEOFLERIZ, BEHIGRT EBHTH D, ChbORMOAFICAELN 6 R h - 1,
ek, URIERER T A YLk R 2 WHEREC L 1,



o AR 5 SISO BT A YR, ROTIRMEUTH, BB 74, 1976

%%&W@Wﬁﬁﬁ;&%&&@ﬁﬁMm\%1o£m$¢aﬁbf@h\Mﬂ§u4m~
538. BIEHZ0726~0977OHHTH -1,
MoK 440 7H4 7L AOHAMES & CHEL

Table 10. Relative length and arm ratio of the chromosomes
of C. sempervirens

e otk 5 Lis| S E i & . It
Relative length Arm ratio

Chromosome — ' I — ; -
AN b R | SRR SEEfE R I LR
No. M.V. + S.D. |C.V.(%)| M.V. £ S.D. C.V. (%)

[ 538 + 0.24 4.4 6 0905 + 0016 1.7 8

I 502 + 015 299 0977 + 0010 L.00

Il 493 + 016 325 0950 + 0010 0.09

(N 486 + 024 194 0808 + 0032 3.95

v 449 + 009 2.00 0959 + 0016 1.6 9

D ® 444 + 008 180 0841 + 0065 7.6 8

VI 433 + 016 3.70 0974 + 0010 .00

VI 422 + 021 4,98 0914 + 0019 2.07

X 417 + 0.16 3.8 4 0868 + 0017 200

X 413 £+ 011 2.6 6 0812 + 0023 2.80

bl 404 + 018 4.46 0726 £ 0026 355

Remark § Mark OS shows

constriction on the short

the chromosome having a secondary

arm
SECI ORI, BEHIZ L85 — MEITIEEN s L, e D QAT SN S b
(F11#), o, HEUEL BooROERICESED Rtz (1 2£),

Fi1E 42074 L 20BN E

Table 11. Analysis of variance of arm ratio of C.sempervirens
e S| H SRl EIHET | 4 W
S W D . F 5.3, M.S. F
£ 1A -
Total 65 04361
ot kR : : ok
Within chromosomes Lo 03968 003968 | 53.62
Fv— A :
Between plates 5 00025 000050 0.6 8
At 7
Bor pivro 50 00368 000074
Remark | dok— significant at 1% level



SASAKILY.; Karyotype studies on some conifers,
Bull.Ooita Pref. For. Expt. Stn.. M7.1976

B2k 44207514 F v AOMRENS T E

Table 12 Analysis of variance of relative length of

C. sempervirens

i i AEIE | CESE | BEES | Sk
S Vs D.F. S48 M.S. F
% k ; N
Total 65 129392
P fk $ok
A< B v -
Wi elirt. 2h f smpeeiies 10 11.3550 1.13550 3943
o
: 55 1.5842 002880 |

Errors

F

Remark ; ok—significant at 1% level

T LI, FeOROEORE]LS L CHEEBIZ W TOH 6 W 2 HEMO %5 2 .,
INLOE2E EH T, FRAFAAEOBIFERTT &, F13EDEBNTH B, <
kbbb, B BN, BV EBIEREGEE, BT,

$13HE 4429 7H4 7L A0 EESNHIEE

Table 13 Signiflicance of morphological difference of

the chromosomes of C. sempervirens

Chronﬁgsﬂme N X K W W @s y @5 0o [
1 o ¢ O 0O O 0O 0o o o O
o 0 O O O O O O x
I @ G O @ 0 O 9 @
(@S O Q0 g 9 0 a 9
v O O © O =x 0O /
w*® O 0O O O o///
Vi O 0 0 O ~
VI ©c o o
7 Remark ; 1) Mark O means the
K O O//'. significant dif-
X O /-"4 ference at 5%
\l / level.
rd 2) Mark X means the

no significant
difference at 5%

level,



f e RN 3 SHES OREICBIT A0, KORMEIE , 5775, 1976

F 12, TRIEEOMENL., B1ARCETEE I TH ., BVEB L EENRMAEFE, 2T
NSk —mEEAE LT b, TOMEIZVITN S Foh s s #EEL b Th -1,

W14 429794 T L AOTRFEONE

Table 14 Position of secondary constriction of
C. sempervirens

O T 5 Tl e REE (%)

Chromosome  No. M.V. £ S.D. C.NV.

V(& Be) 0377 =+ 0007 1.91
Short arm

LR i) 0400 + 0010 2,53
Short arm

PlED#ERP L, 420744 72083, o TtHERbahs,
K(22)=2A"4+2BP+2BP+2°%C" +2D"+2DP+2“SE™+2F™
+2G™ 4 2H™ 21 ™
iip, BRI, BeRITRTEB ) Th B,

o> T
<

B

FaB 429744 7 L 20K &

Fig.4 Somatic chromosomes of C. sempervirens



SaAsAk1Y.; Karyotype studies on some conifers.
Bull. Ooita Pref. For. Expt. Stn.., M7.1976

| .04 ;
6 <]
{ L
497 22
09}t ‘9 -8 e
.4 N
ﬁi
| 15 xi8
08 i &
-3
1
o 0.7+ )
2
I
« 06
e O
| .
<
0.5F
0.4F
0.3+
=
0 30 40 S0 60 70

Relative Length

S 420744 aOMRREEOITE

Fig.5 One example of decision of homologous chromosomes
in C. sempervirens
Remarks; 1) Mark X shows the chromosome having a se-
condary constriction
2) Pair of homologous chromosomes;

1—19,2—7,3—12,4—20,5—21,
6—15,8—9,10—13,11—17,14—18,
16—22

—19—



e e AR 5 BHEERIO AN BT A RIYE , ASTIRMGITAL, 55775, 1976

I Il il IV V vl

vV IX X Xl

el A4V 7YA T AOEMERE

Fig.6 Idiogram of chromosomes of C.sempervirens

2) & R
AREORAEKICONTIE, MEHRA et al (51) %X "HUNZIKER (19)#5, 2
— 22 THAT EBWELTVA, Ef2. MEHRA et al (51) 13, BilfkO(iEic 2
T, KERERD & Db 14k Z OO b DT THEE o XPfTH b kA%
AYutfkns | WHEFEET L 2WEL TV A,
_ Mt AFBORGEERIE 20 =2 2ThH AT & BERL I Rfk%e XS S OIHICHS]
% &, 2OicANLEs0A L3S BFEEADAREIR 1 I RmET, fuz g ~Trh
Th B, TH. BNV, SRR, zhrhoEic o xEEsGT5C & 2BRELIY
v 2 BoEoBM TS 5 1 ofERafEBEsh T, MEHRA et al (51) O
LIRS ST A,
(3) 4 FZFR2EBOKESH
FIJSFA RAFBLEEAZ ) 7H 4 TLAD 2[ICONT, BAOHEELSCE-1,
TORPEXROEEBY Thh,
1) ek
Mot iz, ~hit2n=22Td-1,
2) BEFEGOLAE
DAL, MR e b iediEss 10X, KRHEH 1 W TH - 12
3) ZARBEDLE



SASAK1.Y.; Karyotype studies on some conifers.

Bull. Ooita Pref,

For.

Expt.

Stn.

, N07,1976

Miff & b2, BN L CEVREROERIC REELTL TE Y, 2OBL TR b

O S EFEL b TH - 12,

4) RFEEEY

WSO BRI & ORI D W TSER 245 oy

TNENOEDHMEZIEL 24

i, {1 5E B 6 RTURT LB T, wIh b REOEBICEEESEY 5 hi,
154 A b 2FE 2 olREL S
Table 15 Analysis of variance of arm ratio of two

Cupressus species

& b FEE | VAR | TR | Ml
5.V, BB 5.5 M.S. F

Fas - B

i_‘ * 131 08577
lotal

U 8 A

Bt W 21 08029 003823 7&77#Ck

Within chromosomes

R = 110 00548 000050

Errors
Remark ; *kk —significant at 1% level

F1e &

4 b A F g 2 O REo &

Table 16, Analysis of variance of relative length of two
Cupressus species
i eS| HrbEE | F 5 B SR s) 43 B ke
S.V. D.F. S.S. M.S. F.
e .
= M‘ 131 | 298738
Total
ilu 7 iE
et W 21 | 256373 | 1.22082 517071k
Within chromosomes
2o o
A = 110 42365 | 003851
Errors
Remark 3 3ck— signilicant at 1% level

x5ic, BroREhoOBE]B L CHHEICONTOH 50 A AE oL %8 C 7on,
oD ER T ED T, SPmHEMOBIKERB L1, chEb kLT, {2

LAILINGI

ﬁ"j,{/fx i’]‘.'l_,\g 'ﬁ'(/]\'a_ &

W1 7EDEBITHY, MEOBIIZFEED S ¢



{2 AZA ) SIEEBIORANCBIT 2 BT, ARG , 8875, 1976

MHEFIFINTVAC b1,

W17k 4 b AXE2EOREEOLE

Table 17. Comparison of the chromosomes of two Cupressus species

il i@ moo® o & &k F 5

Tree species Number of same type chromosome

Lo |m (@ v | v || K |X|X

TS FA R AF
C.arizonica

1 3
A4 TP IR 1.1 YA val K | X | X L | @ @) v

C.sempervirens

<> AL, 5%KETEDES VG DRRT,

Remark; Same type chromosomes are no significant at 5% level

4) E B

4 h AXBOHOfMRARGEICOWT, MEHRA et al {(51) 4114 FAFX (C.
funebris Endl.) #X U444 b2+ (C.torulosa D. Don )i, ThZh 1 MFE
TAHLERREL TV A, Ll FEOBERRTETIVFA PAFBLFA2 ) 794
Frap itz chd/gd, SR E T A AN 20HFEL, £ FRoMthoR - &
b» TR - TV A, BFEROMEIZONTIE, FEE KPS0t OB AZH 2 L 55
T, O s b IicFROMORE & UL T E, 10, ORI FER G E AL 6 TF
ELTEH, HBEEOED L S icilbh s,

2. A=k B (Libocedrus )

(1) #=k/s(Libocedrus decurrens Torr.)

1) RBER
AHoFEMRRAEAL, BIRKICTT BT, Bafldi2en=22Th-1,
T, HRRGEORERIE, FIFIURT LB TH H, ChbORGEFMICRELA S
Nigtr -1, 03, AfEREER, 1 BRI,
HREAOHNRS & CHREOESEIE, F1 8RRT LB TH . HHEIR 413
~535, BifHIF 0347~ 0988 ORPEATH - 17,



SASAKILY.; Karyotype studies on some conifers.
Bull. Ooita Pref. For. Expt. Stn.. M7,1976

B18E A= e NOHEEL L OHEH

Table 18 Relative length and arm ratio of the chromosoms

of L. decurrens

i #f F it E t
G BES Relative length Arm ratio
Chromosome - _
No FoE £ EERCE | SRR | SEIM AR | SRR
M.V. + S.D. C.V.(%) M.V. + S.D. C.V. (%)
I 535 + 036 6.70 0988 + 0004 0.35
I 479 + 016 3.40 0948 + 0012 131
mm 475 + 006 .35 0741 X 0022 3.01
' 462 T 024 516 0776 * 0025 318
\ 455 X+ 062 1367 0487 + 0027 555
Vi 453 + o022 483 0837 + 0021 2.48
VI 450 + 033 7.39 0.883 = 0020 2.23
VI 433 + 029 6.71 0917 + 0020 217
X 427 £ 032 7.55 0975 + 0014 1.46
& 419 + 013 314 | 0347 + 0024 6.82
bl 413 X 045 1091 0647 + 0029 4.44

Remark ; Mark OT shows the chromosome having a satellite

THUSHTORER, WRLE T V87 — FREICEDST (, B2 OREERBICESZED S0
(B19R), L2, HMNES BrORBARICESEDENI (B2 0K)

F1o% A=t AOREHSMGRE

Table 19 Analysis of variance of arm ratio of
L. decurrens

£ N B | CEAF | EIES | S Eite
SV . D.F. 5.5, M.S. F,
S f
Total 65 26340

@ 10 26100 02610 621.43>io|<

Within chromosomes

AV N 5 0.0032 0.0006 150
Between plates
i =
A 50 00209 00004
Errors

Remark 3 3k — significant at 1% level



Vere KR 5 SHEBOBEICBT 5 98, A EMETTER, 75, 1976

Wo0E 4= e NOHEHESHINE

Table 20. Analysis of variance of relative length
of L.decurrens

il A A | F TR NsSR i) Gl e
S.V. D E. S8 M.S. F.

E= z 1'2{: 65 129316
[otal

: % ki 10 70833 07083 6.6 6 Aok
Within chromosomes

21 S

e = 55 58483 0.1063
Errors

Remark | 3¢k— significant at 1% level

X510, HrooEobErs L RN TOH 6 WA AR O 238 T s
CHLORBERE & DT, RLOEBEMOBINMELZTTE, P2 1ROLBHTH,
T DOYEENE 2 BT &1,

a1k A= e NOUEERTER

Table 21 Significance ol morphological difference
of the chromosomes of L.decurrens

ChroE‘;’)some N ®T X W v oM vV N o1 I
I O O O o O
I o O O 2]
1 o O O
I\ O O O
Vs C O O
Vi o © O
Vi o O O
VI o O O
X O O Remark;Mark O means the signific
®T o ant difference at 5% lev«
X

Fio, SEX RAERIAMIAREETH b, FOEBICHAESTEIEL. FOAS 213,
AR T ALLETRT &, 185 Th -1,



SASAKIY.; Karyotype studies on some conifers,
Buil.Ooita Pref. For. Expt. Stn.. M7.,1976

Arm Ratio

1.01

09

08

0.7

0.6

05

0.4

03

AT G
‘. J"\g\/ Q\'
Vil )/

BB A = v O

Fig.7 Somatic chromosomes of L. decurrens

M2 18
9'5
-'51'%2
o1
20
-10
5 HB8E A = s ORE R ik O RER)
-1 Fig. 8
- 22 w
4 1 One example of decision of
homologous chromosomes in
L. decurrens
Remarks,
7 1) Mark % ahows the SAT ch-
19 rOomos ome

2) Pair of homologous chrom-
osomes ,
X7 SO e o )
o 1—20,2—21,3—10,4—14,
5—6,7—19,8—16,9—17,
14—22, 12—=18,18—15

L

4

30 4.0 50 6.0 7.0
Relative Length



{2 AR 5 SHEERIO RN BIY A 0T9E , RTIRMGADME , B 705, 1976

LAEDgEE NG, 4= 0EEE, KOXNTEHLIN D

K{ZZ): 2AW+ 23“% zcsm+ Zdn+ 2E5t+ 2Fm+ Zjn+ Zﬁn
+ 2™ 280 xS

i, HHEAH . FoRRT LB D THD.

I I I v v Vi Wi

i X X X

B A= e OB

Fig.9 Idiogram of chromosemes of L. decurrens

2) & ¥
A= NEOEILOWTIE, X7 Y5 7 (L.Bidwillii Hook. f. )IZ2WTHAIR

et al (13)%, FY+ a9+ %% (L.chilensis Endl.)iZ2WTCSTIFF(101)
HLFHUNZIKER (19) 45, %712, #9% ( L.Doniana Endl.) {to0Tid, LANE
(42) BLFHAIR et al(14) %5, ThTfhn=11%d2n=22ThH5C & 2EWE
LT ahd, AFEOEENCD O TOREIT Rk,

FE, AHOROMEEIL 2n=22T» 5 C & PBEL I, DRalk% KR 3OIEITEST %
&y BADGIRNOROBAELELETHIRNS LR -THED, Z0BA#EESOEhiR
6, BFEOAEE, PO O 70t IO & Ob 2 5, RSO b O 2 %
Thdo b/ FFHTET 2MOBEADOREIL, P 1213 00D & DAL % 5w 5 C
CHFRETH B & INTVAD, AHICIIRIRO & 05 2 WIFEEL TH b, &2 2FodT
BEDRESIFEREELOND, X PEAIERICHRKLZELTEh, 20AS X
BAREET 2B & OCBE (JEb+HERD) T AR TEDT £, FAEN L85, 048 T &
D HEERDTTH X OFET BHE WL h K E (L Fhoe PO & LT 6 IF
R ENT DTS B,

=26—=



SASAKILY.: Karyotype studies on some conifers,
Bull.Ooita Pref. For. Expt. Stn., M7,1976

5 kE/F*E (Chamaecyparis)

(1) =k ( Chamaecyparis [ormosensis Matsum. )

1) s=EifEs
AR EE, T OMIGRT &80T, Bafiiizn =2 2Th 12,
270, HRRGBAOIREFIE, F1 1KIRT EEDTHH, b OPROESICRENL A
LNV o1, Td. IRk R, 1 LT,
BHREEOHH RS & RO AL, T2 2 BORT L8 TH 0, HTREIZ 374
~ 600, BiIRLEIZ 0595~ 0974 DEHTH -1z,

HereH <= oOMNRES L ORREL

Table 22 Relative length and arm ratio of the chromosomes

of C.formosensis

Relative length Arm ratio
Chromosome - o

No SEEA RS | AR | ORI HOERE 2 | AR

M.V. + S.D. C.V.(%) | M.V. £ S.D. C.V. (%)
I 600 + 027 4.55 0960+ 0020 2.08
I 544 * 0.13 2.35 0974 + 0009 0.9 6
m 544 1 042 7.80 0893+ 0026 2,93
Wl 446 + 025 564 | 0805+ 0009 L11
v 442 + 014 3.2 6 0907+ 0013 1.43
| 438 + 020 4.47 0835+ 0029 3.4 2
VI 436 + 0.11 260 0953+ 0017 1.76
Vil 400 + 030 7.49 0672+ 0013 190
X 393 + 022 5.47 0.745 1+ 0017 2.22
X 382 = 020 521 0595+ 0011 .89
X 374 + 025 666 0803+ 0018 2.27

i T ; .
Remarl{,MarkO shows the chromosome having a satellite

SR ORESL, FREE T L85 — FERCENS (, B ORGARRICESED 6 i
(B23K), T2, HNEL HroREBHMcEBED R (F24E),



(hie RN 5 BHES O B A 019E KATILHGARTH, B 7, 1976
oy ~=roBERSETE
Table 23 Analysis of variance of arm ratio of
C.formosensis
-3 A lami | EAf | PRs | Sl
S.V. D.F. 5.5. M.S. F.
£ (£ G
T 1wl 65 09263
: % N 10 09093 0.09093 284.!6#(>1<
Within chromosomes
7 v — kM 5 00008 | 000016 | 050
Between plates .
i = 50 00162 | 000032
Errors
Remark ) dk—significant at 1% level

24 ~o e OEESTOMTE

Table 24 Analysis of variance of relative length of

C.formosensis

L1 BN =F:s]iA SE 7 ErgE g Al glnd
S.V. D.F. 5.8 M.S. F.
4 1A ' .
Total 65 371522
- SR N Fk
Wi this cheomossmes 10 339335 3.39335 57.99
B
@ E = 55 3.2187 005852
LIrrors
Remark; dk—significant at 1% level

A5, BrOREEOBERLS L CHEEECDWTO® 6 W A HH A0 %5 0,
CheOfERELEF LT, FUOMAHEBOBIME2RT E, B2s5EDEEHTHY, I

NT OGRS 2 BT & 12,

LIEO#ERELS, A= e "oEflt, RO TEDbLINS,

K (22)=2A"4 23" Log®™ Lap™ 42 F¥ parP L agMpayg™

42 ]n1+2tjst ’r'ZKS”]

g, RS REL, SR RET EB Y TH A,
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B 25K = v OUAAERIEIE S
Table 25 Significance of morphological difference

of the chromosomes of C.formosensis

Ch’“’}&g“’m‘f( XX K WMV V® o1
I O 0O 0000 o o C/
I OO0 0000000
I ©C OO0 0O 0o oo V
() C 00000 0,
v O O O O O O/
v O 0 0O Q//
VI g0 0 d,
i o oo/
K = S// Remark; Mark O means the significant
; /O/ difference at 5% level

2, BNV REFSMHHEREETH D, 2 OEMICSRIESTEEL. Tk s 313, (T
T ARG T AT TRT L, 043 ThH 12,
L LEO#ERD 5, ~=cOBRERORTEbIN S,
K2 2)=2A"42 B4 06742 ' D bo BP L o P pog™y. gy o™
+2 542 ]5Mp2K™
B8, BRI, 1 2lIKRT eB N TH S,

- o‘t‘
a® F10M
" & > / 3 ~ = & OHMIITEH
. F el Fig.10
’ \5 Somatic chromosc

! \ of C. formosensi
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1.0T
2:-14
6- :
22 3o
08 - 119 71
. 10y
L %
i_) 08 . ;x
= 5
o LAY
07 F
LE_ 1N 9
= 20
06 1.
4
05+
/]
1_~7// 1 1 1 1 =
0 30 4.0 5.0 6.0 7.0

Relative Length

B ~= v oERREAEOHRES
Fig.11 One example of decision of homologous chromosomes
in C. formosensis
Remarks; 1) Mark X shows the SAT chromosomes
2) Pair of homologous chromosomes
1—13,2—14,3—-18,4—15, 5—9,6—22,
T=—L19, 8—1 2, L0=21 , 11—20, 16~—=1.9

I I I v A Vi VI MO X X X

12 <= e OBIEK
Fig.12 Idiogram of chromosomes of C. formosens;s

— 30
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) 5 &
B/ FEOMICHENTIE, o8~/ % (C.lawsoniana Parl.) Ko T, SAX
et al (B8)Wn=11THBHC LEMELTD, Ttr, BA(37) 13, AHEOE » +
(C.obtusa S. et Z.), 475 (C.pisifera S. et Z.)y EAD (C.pisife-
ra var. squarrosa Beiss. et Hochst.)® 32T, #ESMT R 20, &
NENOFMOREOANIE 2n=22Td b, | HONHIKRGESEET 2 ¢ & 258 8t LT
Whe Ui L&D 6, ARV T QMR OWE I3 /20,
FEd, FHOROAYIL 2n=22TH AT & BB, ROKEAS 2 OEICALT2
&y ADORESEF 106 FUPROET TREXREDSL, S0 &SNV AOEORICE o0BL
WEND H L N REORLL R ML LT A, BISROMEIE, o b o 8 1, ol
HOb O 3 TH Dy b FEOMORE L BEIL TVWE, Fio, SV Qv b
PEHLTEY, T0ORs 32t slis L OBE (ER+-ER) KT s e eRT s, 4
NTH 043, 019TH-1,
(2) B/ *B4 EORBSGH
BRI TICREShTWA e, ¥, $#95, b4 (37) Ex=bedD 42T, o
Wi T -1,
TOMPIRDEBY TH B,
1) FeH¥H
1O EEIE, bt 2n=22Th 12,
2) BREEOME
BFEOMIEIE, 2 6 BIGRT B0 Th h, B L KRB TEO b OB KSH % 5D,
RO & DI, & FOP/NREED LTI TH 512,
B2e R b3 MOBEAORE

Table 26. Centromric position of four Chamaecyparis species

i % o b7 s L b I
Name of secies Median Submedian Subterminal
O -
~ 6 4
C.obtusa !
+= O 3z
v Oy 4 0
C.pisifera 7
B v H
C.pisifera var. 8 3 0
sguarrosa
S
; 8 3
C.formosensis 0




Pe R A 5 SHEEMORANC BT A%, ADRMGIER , 75, 1976

3) fEERes
tz#ﬁ4ﬁwomf,ﬁ%%@k%é%%@ﬂ%?%%@ﬁéﬁ;&%ﬁ(ﬁ%+§%)

T A HETED L, H2OEIC >N THEBL TRT &, B27R B BROLBHITHL.
CHLOREN G, b FE 4B VTR, AT 5 b L CBRICHT 2GR, €/
FWHATHH, R eBRNTH 12,
27k b/ FEAHONMEORS 3

Table 27 Satellite of four Chamaecyparis species

fl | MRS | fEET SR T ARy | PR (EhHRE)

A HlE ity 5 A
SAT—chromo-
Species s ome Arm possessing Ratio to the| Ratio to the
chromosome
No. a satellite arm (short arm +
long arm)
£/ % 4 i
. W . i 0.89 0.30
C.obtusa Short arm
R B 5 ;
- @ VI = B 0.54 0.26
C.pisifera Short arm
B & .
=]
C.pisifera var. X ‘%” b
squarrosa Short arm 0.50 0.24
e vl i
3 & N 0.43 ! 0.19
C.formosensis Short arm :

= R D
- CGGGDeEED B

F13X v/ ¥MaEONMERAE (Abbe s ¥, Y77, Ao, X=k)
Fig.13 SAT chromosomes of four Chamaecyparis species

( from left on C. obtusa, C.pisifera, C.pisifera var.
squarrosa and C.formosensis )
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. N07,1976

4) RBREGY

B/ FE4MOBRELES X CIHHRIC DO THHMI 2B 50, T hThEDHE T

LIz#E3d, §52 832, B2 9 BURT BN TH b, WIFh b RmERICESEY 6 LT,

F28k

Table

b ¥ 4 oL R %

Chamaecyparis species

28 Analylis of variance of arm ratio of four

Hl A IR SR e Sy
8LV, D.F. 5.8 M. S: F.
= # Mh 351 8.3447
lotal
e
. i;h & W I 43 7.8687 018300 118.06**
Within chromosomes
" E
A E 308 04760 0.00155
rrors
Remark ; k—significant at 1% level

B2o&k b/ *E A BOMHYRIMINE

Table

Chamaecyparis species

29, Analysis of variance of arm ratio of four

i N HHE | A5 SRS 4 Hi L
S.V. D.F. 5.8 M.S. F.

£ & i 351 1939731
Total

; QE G 43 1745742 405987 64.46>l<j<
Within chromosomes

2 2 308 19.3989 006298

Errors
Remark 3 dk—significant at 1% level

X hit, BaoRtaholiErE X CHMREICOWTOH 6 W AR OHE 2 5T/,
e OFEREE LD T BROAAEEOBAIERS /21, Chkd sicl, R
AL SNARGEEERIGSHTRT L, FI0XDLEBHITHY, v/ FE4HOMIiiz, 3
WO EOEREEZENTVEC b 12,
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H30%K b/ X 4FEOREED K

Table 30. Comparison of the chromosomes of four Chamaecyparis species

o : fif 7O T~ N &

Tree species Noo of same type chromosome

E / =3
B o b Dol m | v | v @ w|wm| K| X|X
, T2 3 P v Vi X | I
C.pisifera
g g = E 1| m v V|| X X
C.pisifera var.squarrosa

& = E 1| m v w| v N x
C.formosensis

et T i R T ST N 5

Tree species No of same type chromosome

E / F
C.obtusa

s o i B
C.pisifera L @ K

= FA =] T
C.pisifera var.squarrosa ® I VoM

~ 2 k .
C.formosensis L :® X

Remarks ; 1) Same type chromosomes are no significant at 5% level.
2) Mark > shows that it has no significant difference from
C.obtusa and C.pisifera.but has signilicant difference
from C.pisifera var. squarrosa.

354, BHEEAEORMES & CEMAGEEERT &, B3 1ROEEHITHD, N=t
OB ORBREKEIE, £/ ¥ EOMic7xt, $u7 EOficett, £ oo L DOBITIE 4R

HFET A Edbb o,
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F31R b/ XE Ao S L SRR

Table 31 Number of same and different type chromosomes of four

Chamaecyparis species

[&] i Es @ 4 24

Number of same type chromosomes

L)
e, - ~ -
S Species E & H+ 7 3 & [ L\fu N
i < s B '
Species C.obtusa C.pisifera| - P!S1IET8 4 6 ¢ rmosensis
E‘ VATr.SQUATTOSA
LH E
e g +* TR 6 7 7
- C.obtusa S
— — _
o 7 5 ~ ]
© » v 7 5 S 5 - 6
— g | C.pisifera ~
= 2 = oy B8 -
5 2| C.pisifera var. 4 6 P 4
E S | squarrosa
= - e
Z o A 4 5 7 .
C.formosensis
5) % 8

b FEOREIC20TId, SR (102) 540 51220 T, BA(IT) BE X V95 5
e Lo onTzhTh 1 ONMERGESTFET 2 L2BEL, S6IREBA(3T)
e AFHCET A 1 IO RRGEET T 5 L EMBRIMTH S LTV, N=t
b zoflic b hd', 1L WHOMIEROESIFAEL TWa T Edbh -1z, Tio, BEAONE
W Th, HERFE RSO & OB KB 25D 2 8ILB 0T, <= e FEEO i 3
L CHILTRA L VWAS, iz, FMBREEREHIZONTAS &, N= g bl 3o T
3, b/ FEHRESTH A O LETF SN S,

b *BOMOSMEEICONT, BHE(62) 51, £/ 3BLEYT7I0ALLHTEZE
MU ORI T8, SOOI, SILDThRfAS & GRS &3, I
LHOWTNOEE BB ZRL, FHROEERY 7 7 M8 2R, REL O
LY I L MEL TS, Eiz WH(10) 66, b/ ¥ v 5 OMALH
BV, RROBE % M & 25, MM OBRROERS & 0% s O FEHI NS
L Fto, HTFORMES (BN &6, KHRIESEC DI, ZESIHECE Csbh
WD B D ERRTWNAE, CODLHRC LD b, b/ FEOMI LI BRI MDA T
WAL DEEALNS,

—35—



the e AFER 5 BHEEBI ORI RIS B 09T, K IRMGATH , BB 75, 1976

4. £/ FROLEMNEER

(1) sfaiEs
b 2FHCRT 2O MEEEIT oL TIE, FE (18), &R (25), 4940 (94), (102

BEA(37). SAX et al(88), STIFF(101), MEHRA et al(51), HUNZ IKEF
(19). HAIR et al(13,14), LANE(42) 50Z{OWEMH H, TOREIIIT L AL
OBFEICHE VT, n=11%1213 2n=22TH AL LY HEINTV A,
BERPREBC 14 FAFB 2, A= @I, s e FFE1ES T~ T2n=22
Thbh, PSS o b o@Ep o hiksh -1,
(2) EBERFEOLE

t s 2R oBOBEEOAIEIBL Tid, SAX et al(88)\MEHRA et al(51), &4
(37) bOMEDD hy PIRE IIARBEO b OHBABHTH 5 LTV d, HTH, BARE
X3, 7R+ of@ 2, AXaEeM, oA BIfE, Ee s v om0 0F
ICDNT, BB BB /K 5T b, b DEADEE L FEESINLH B EILDN
FLHTRTEEI 2RO LB THh, L FRPHO b OVBABE R LD H £ KT,
BRI E BT,

E32k v xPloMoOFEEO AR

Table 32 Centromeres of some Cupressusceae species

I 4 i # O RHRER | R SRR 1
Genus Species Median | Subme-|Subte- I nvestigator
dian rminal
= / +
&, sk 6 4 1 KUROKI(1969)
C.mgkfwz ¢ 7 4 0 KUROKI(1969)
e N (=1 F o
Chamaecypa- C.pisifera var. o 2 g KUROKTI (1969)
i squarrosa
c fo?mose;nsis = 8 3 0 Present author
ry A F o
7 kKo T.dolabrata ¥ 4 b KUROKI (1969)
Thujopsis k2 F7AF o
T.dolabrata var. 7 4 0 KUROKI(1969)
Hondai Makino
Thuja = % 4 r
T.occidentaris b 2 0 KUROKTI (1969)
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Table 32. (continued)

B % ! % WO | DoR | s R &
Genus Species Median | Subme-|Subte - I nvestigator
dian rminal
AsFHYD i Tl
Bioita B.orientalis 10 0 : KUROKI (1969)
_ PR 8 2 1 KUROKI (1969)
Ew J.rigide

Juniperus I e S

J.virginiana

9 1 1 KUROKI (1969)

) TUVSFAPAF
PN 6. ir fendl b 10 1 0 Present author
Cupressus

442 T7THA L2

: 10 1 0 Present author
C.sempervirens
= kN *+ = b N
. 7 2 2 t th
Libocedrus L.decurrens Ergsent Btk
Remark; KUROKI(1969) — Karvotype studies on important conifers,

Bulletin of the Miyazaki University Forests,
No.5:1— 103

(3) ffEReEs KT RESE

b Blolicid, FOMHMEREERNEET AT L%, BHE(102) 1347 31K20T,
SAX et al (88)iFFXIHic2 T, MEHRA et al (51)EvF L4 bAFIBLL
Fik 4 hAFICONT, Fo, BA(37) ke s ¥@3M, 72rru@ef, #xa/@2HE, 2.
FHYDEIME, ©r s o E2Eoit1 ofic 20 THREL TV A, SR obL TR, M-
EHRA et al (51)4, 412097947V A, =4 1 "OLMThuja occidentalis
var. compacta, #% I e/NE( Tetraclinis )2, vAve~NF(Callitris )T
i, 2hA N 1 WO KIERENSIEET A T L2 MEL T VA,  Ffo, MEHRA et al
(51)1323/ 7 H Y7120 Ty 1L HOMERREMEE 1 HOZRE BFEET 5 LTS,
7&%ﬁi‘ﬁﬁ%‘:btt/¢ﬂ4fﬁ®i b, N=tH Lt =e~o 2ficonTik, 2hETh 1340
KRRtk , £, 7V A PAFBLEA2 ) T7HA P L a0 2Hico0 TR, 40Tl
2 HOIRIKAR R HT B Rtk IR U1,

HBAD K & 31c20T, BA(37) OWHE & ELHOWAHRL 2L SHTURT &, BF3332
DEBOTH B, T, ZREEOMBICONT, 4 P AFE 2B 2HEL TR LHE 34 KD ¢
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1976

BHTH A,
Mazk e/ FPoOMOMEEOKE S
Table 33 Satellite of some Cupressusceae species
fi o | Mpne | T Al | GAET ARCK B (KRR BF % #

Species

A

.obtusa

I S
Lpisilera

E FiS o
pisifera var.
quarrosa

& = B
formosensis
7 A+ w

“.dolabrata |
L/ %¥7a+0 |

“.dolabrata var.

bndai Makino
x X o
“.Standishii
—F 4 e
“Loccidentaris
SIS FH L
y.orientalis
FAIH Y
.rigida
Y E e d i
.virginiana

A = Iz /Y

..decurrens

hOFS
SAT

chr-

omosome NO.

M

VI

Arm possessi—

ng a satellite

arm

ERE

Ratio to the

i) it A S
[Ratio to the
chromosome
(short arm-
long arm)

ko M

Short arm
ST
Short arm
b5 i
Short arm
3] Jtid
Short arm
EoM
Long arm
E b
Long arm
y 3l i
Short arm
) I
Short arm
TR )
Short arm
jicl Ik
Short arm
il i
Short arm
g K
Short arm

w

9

w

0.30

0.26

0.24

Investigator

KUROKI(1969)
KUROKI (1969)
KUROKI (1969)
Present author

KUROKI(1969)

KUROKI(1969)

KUROKI(1969)

KUROKI(1969)

|
' KUROKI(1969)
|
KUROKI(1969)
KUROKI(1969)

Present author

38—
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PB3ak 4 bR 2 Mo kR (i

Table 34, Position of secondary constriction ol two

Cupressus species

A % | WGBS | T AR | (R sbuc
[ 7 5 M5
Species Chromosome " Arm havi ng a Ratio to the
No. Csecondary co- arm
I nstriction

R B

Short arm

v Short arm v
7')‘/’“‘)’1"7\:? | DNoTr arit
. , _ . W B
C.arizonica | - i 0.8 7
vl ‘ Short arm l
I - S = e ﬂ‘ I- S 7,!. B
v | s AL H_’“‘ : 0.3 8
A8V T7HL T LA ‘ S l,f,Al t ‘” me
C.sempervirens V] | Al Wi 0.4 0

Tihabhb, 4 FAFBEERCE 2 SO, 5% 10 OO EELTE 0L )
Gid AREIE7 2+ o @0 2 LN T XTHWTH S, COT i s FFOfEo A S Qs &

BALNE, LN -T, 4 b AFMOMIE, &/ FFONCRIETICHS ST iE 52605,

(11) =7kt ( Pinaceae ) MM I X O8N5 A 45 bt
1. FoEeRB (Picea)
(1) 7HTV 7Y (Picea Glehnii Mast.)
1) REREER
AFE DM OAIE, 1 AT AT &850 Ty RatkEIE 2n=24 Th 512,
1o, MR OBsERIE, 551 5RIRT E B TH D, ThbOREERIIC RS2
bR 12, s, IR HT 2 RMkE, 3 MBI LI,
Bl kO NSRS X OBIRIO PRI, 553 5 BITRT LB TH b, KL 296

~521, BEHZ0565~0987DFTH -1,

39—
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B35k FThS vy OHEMEB L CRERL

Table 35 Relative length and arm rotio of the chromosomes
of P.Glehnii

moow R A S -
RethET Relative length Arm ratio
Chromosome [y g fmse | ZSSRRE | VONE L ERERDE | ZETRARK
No. M.V. + S.D. |C.V.(%) | M.V.£ S.D. |C.V.(%)
I 521 + 014 269 0.954 0024 250
@ 456 + 020 434 0949 +0011 114
@m?® 452 + 0.24 527 088310032 3.59
v 442 + 012 2.6 2 0837 +0026 3.08
\ 441 + 0.26 596 0987 £0005 0.54
v 440 = 015 3.45 09610008 0.85
Vi 436 - 0.26 599 0.885 10008 0.85
m- 425 £ 020 470 | 0729 +0145 L99
IX 391 + 021 546 0603t 0206 | 341
X 369 £ 027 7.40 0782 0009 1.20
X 334 4+ 014 423 0.902 £0009 101
hll 296 + 008 2.72 056510006 112

Remarks ; 1) Mark()S shows the chromosome having a secondary
constriction on the short arm

2) MarkC)L shows the chromosome having a secondary
constriction on the long arm

RO ORER, BRIt 71 /85 — MEICES s <, B & ORGBHEICESED i
(E36#), 1o, MRS BrOROEEICESED SN (3 7£),
B36K 7ThxJvwOBELSRARE

Table 36. Analysis of variance of arm ratio of P.Glehnii

Lo 25| E A S J5 fn S I L
SV . D.F. 5.5, M.S. F.

éTotal{* | 1.3120
g (kR

Wk G Chromsomes 11 1.2952 01177 433.24**
7 —

Belbwenn glates 5 0.0018 00004 1.34
i) 3
S Errors_L 55 0.0149 00003

Remark ; k—significant at 1% level



SASAKI.Y.; Karyotype studies on some conifers.
Bull.Ooita Pref. For. Expt. Stn.. N7,1976

Wi37TH THSvvOHNESENE

Table 37 Analysis ol variance of relative length of
P.Glehnii

H A HHEE | SE B SIS 4 B
S.V. D.F. 5.5. M.S. F.
E2 s HK 71 264662
Total
now kM r o ok
TR L P — 11 240881 21898 5528
R G 60 23781 00396
Errors

Remark ; kk—significant at 1% level

¥ hic, BroOREEOHELSL FHHREIL2NTOH 60 2 HEMOHEZ B 20,
ThoOfEREZE EH T, FRAKHAEMOBIEIELRT &, B3 8RDLBHTHY, T
RTOREOEHSFHIT &0, i, B EFVRAKL, ThaudEs L oMELRIC N
W oz h o s, BN RAEES S RIEER R T AL 6, FAMIITE 1,

Bask ThH vy OYEEEIHER

Table 38 Significance of morpholegical difference
of the chromosomes of P.Glehnii

Chromosome | ¥ x K @V vV N @@
I O 00 0O 0O 00 O
@ & & O & O 0 O
m* el e Bollcle 0O O
N © 06 O 0 O
v & & 8 & B
v o0 0 @ 0
VI OO0 00O
] 0O 00O
X O 0 O
X O O
X O Remark ; Mark O means the significant
Al difference at 5% level

s



ke Al 5 SHEERI ORI BT B 7T, RORMEANTE , 8755, 1976

REEOMEL. 3 9RORET LB Th b BIRAEKIERIC, 2. BlELI
EVI i Bl 2 hZh R HLTE D, Thb 3 OB kD RO NI
FNFNFET ABOEEHhREETH 12,

Fa9Fk THIUTYOREEDNRE

Table 39 Position of secondary constriction of
P.Glehnii
P th (ko ) {E 4 EEER ZE 4R (%)
Chromosome  No M.V. £ S.D. C.V.
I ( £ i) 0470 + 0045, 9.49
Long arm

m i )

Shortarm 0565 1+ 0053 9.36
Vi (Lﬁ B ) 0566 + 0055 9.6 4
ong arm

Ll EmiEEm»e, 7hx S = voiEilz. o TcHbahs,
K(24)=2A"426sB™+2 %5+ 2D+ 2E™4+ 2 FP4 26+ 2 cs H*™
42150y My g™y g1 I

ks, BREEEE, F1 6Bt RTEBHITH S,

BLa 7h =/ vy OAKIIER GG

Fig.14 Somatic chromosomes of P. Glehnii
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1.0F ad
1 10
'9",. k
6 o 2 1B
09 1 B, 7
53. o
08F 7 2
zZNn
0.7
0
e
o .18
D: 05 3..15 %
£
; 05|
04 |
03+
0 30 40 50 60 70

Relative Length
F1s5K 7h Sy OHRREEORER

Fig.15 One example of decision of homologous chromosomes
in P.Glehnii
Remarks; 1) Mark X shows the chromosome having a secon-
dary constriction
2) Pair of homologous chromosomes
1—9,2—18,3—-21,4—24,5—-23,6—13,7—20,
8—1 5, T0=19 ; 11—2 2, 12—1 T, 14—=16

I 10 vV Vv V¥ v w1 X X A XA

FieX 7hx /vy OGN

Fig.16 Idiogram of chromosomes of P.Glehnii
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2) £ B
AREicoLT, AUS (113) 55, QEEBIE 2n=24 Th h, “RERELHT 2 Retafk
ATEAET B0 £ R BE LTV AD, Ao I 30 TVEL,
Wiy AREOREARD 2n=24 ThH 5 L & RIERLIZ, Ptathh K5 S OIIICASIT 5
L ZDKRESIE 05 X RAEE TERIRRED L. BN BSXRAKFE LRIt <
75T B, BIEEOAREE, Pih o, K3 uTH Y, Db, HlGGAdE
B, 12510653 CEMLEKE B zhTh REE2FL T, 26 (113) D
G S I3 BRI S SRR NI,

(8) 3—RA»/Sbk9Ek (Picea excelsa Link )

1) SRERFER
AR OEMER AL, F17 BITRT BT, ROFHE 2n=24Th 7,
F1z, HRAREEOIESL, F1 8MICRT B HTHH, Th b ORERRICATEA
BHL o1z, B, SUIRERET 5 Rk % 3 MBI LI
FRAEEOENES L CEEROFHIEIE. $F4 0KICRT EEHTHH, HFRIL 297
~4.79, B2 0.463~0984 DFFHATH -1,

Fa0F 308 Y EOHNES L CBEL

Table 40. Relative length and arm ratio of the chromosomes
of P.excelsa

REHEED | Reaiive lensih B e

Chr omosome ¥ e - S T TR =
No VAR 2 | 25 PR #ﬁf@tﬂﬂ%{l’é{ﬁz& A BRE

M.V. + $.D. [C.V.(%) | M.V. £+ S.D. | C.V.(%)

| 479 1+ 037 7.67 0934+ 0017 1.81
@m® 468 = 018 3.81 0,984+ 0.004 0.44
(- 463 + 022 4.84 0.865 1 0.025 2,92
% 461 L 014 2.95 0.884 = 0020 2.22
V® 453 £ 010 2.26 0950+ 0013 144
W 424 + 010 227 0783+ 0024 3.11
Vi 417 + 016 3.80 0912 £ 0013 1.4 4
VIl 410 £ 028 6.77 0966 + 0019 .93
X 396 & 022 5.6 4 0634+ 0030 535
X 360 + 016 4.41 0668+ 0015 2.31
X 357 & @3l 863 0904+ 0018 .98
X 297 + 014 457 0463+ 0024 526

Remarks ; 1) Mark O shows the chromosome having a secondary
constriction on the short arm.

2) Mark O shows the chromosome having a secondary
constriction on the long arm.

— 44—



SASAKI.Y.; Karyotype studies on some conifers.
Bull.Ocita Pref. For. Expt. Stn.. M7.1976

RO ORISR, BIRLLR v 5 — Mlic s {, B2 oi e bilic E5038 &t
(F41K). T, HHES BroRpBEMicEsBEyvohn (Fa2£),

Fa1E F—o oY OBELSEHSRFE

Table 41 Analysis of variance of arm ratio of

P.excelsa

i A Efs:]S E A T 4y Wi Lt
SV D.F. 8.5, M.S. F.
4 %
sl 71 17421
" ,
BBk 11 17154 | 015594 | 381.287K
Within chromosomes
o 41
7v =+ H 5 0.0042 | 000083 203
Between plates
S . = 55 | 00225 | 000041
rrors

Remark ; >kk—significant at 1% level

a2k 300y e OIFRIIEITE

Table 42 Analysis of variance ol relative length of
P.excelsa

P A HEE | SR P ST il 1ge
S.V. 0. F: Sl M.S. F.

4 £ ;
Total 71 228273

. % @ Mx fA] 11 201015 1.82741 40.22>l’<>+<
Within chromosomes

* J:':r_ 60 27258 0.04543

Errors

Remark ; *kk—significant at 1% level

X510, HaopiEobERS L ENRIEONT, 60 AHEAEMOLEEB g0,
CNGDRERE E DT, HREEATEOBIELRT L, B4 3KOLEBHTH T
TOREENSENTE 1, 26, BNEFEV, B LBVEEHKE, ThTIVENRBL Ok
B E3 28 o s - tohs, B 5 VIRmEEN E b ic KRR T 5 Eh 6 1

REHIT &1,
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a3k F—no o8 by e OREEFEIE X

Table 43 Significance of morphological difference

of the chromosomes of P. excelsa

Ch“’”&zwme M X X KWW V@Y @ @ !
[ O o0 o0 0o oo oo oo
@M° OO0 OO0 0O 0O O O
(m* O 0O 0O O o0 0 0
v O O O o0 o0 o0 O
O O o 68 8 8 4O
M O o0 O O O O
Vi O O O 0 O
VI O O O O
X O o O
X & @ s
W o Remark ; N@rk O means the significant
. difference at 5% level

TREREOMEIL. B4 4 FORTEB I TH D, BlBL 0P ViEaEaERC, $12,
BUAEARERcENETN T RFEEL2ELCE L, chsOMEIE, 30t § BorhRas
ﬂ}i%:k b?&")f\:e

B44F -0 o0 e TRIEEDME

Table 44. Position of secondary constriction of
P.excelsa

U G NI S SEE +
Chromosome No M.V. =+

1 (f i )

SEBFE srm 0555+ 0.006 1.13

Il (& Jiii )

A (i A LRI (%)
$.D: C.V.

Lotd 4t 0521+ 0014 2.77
v (& ki )
B 0545+ 0008 1.38

LEo#E» 5, 3—n w8tk coEIE, ROXTEDINS,
K{24)=2A" 429 BMy 545 CP 4o D42 8 gMigpMyagP

+2H™ 42342 ]S4 2K Mo 8t



SASAKILY . ; Karyotype studies on some conifers,
Bull. Ooita Pref. For. Expt. Stn., M7,1976

e, MRUEETCE, B 9PliTRT LB Th b,

>y
; N ' \ "o ‘ﬁfﬁ’
2 ¥
\
[ =

F17E -0 b e ORI

Fig.17 Somatic chromosomes of P. excelsa

107 nog 3,0
) 'ﬁ 24
I 23 8, 2
09 ; 69
6 x4
| -]
0's] %
Q7r 2
10-
0.6r P2
0.5r
)
04f z

/
ya ' 1 1 —
(e

0 20 1V o % 6 D

Relative Length

F18l 2—0 v/t v e OHEEREFEORER
Fig.18 One example of decision of homologous chromosomes

in P.excelsa



e x A Z 3 BHEERORENC BT AP, KOTAMGAOIR , 875, 1976

Remarks, 1) Mark » shows the chromosome having a secon-~
dary constriction
2) Pair of homologous chromosomes ;
1—23,2—14,3—5 , 4—18 ,6—15,7—16,
§—13,9—19,10—-20, 11—17,12—24,
21—22

I I [

¥ V ¥ 4 @ K X X 3

F19M =—o o by e OBREAR

Fig.19 Idiogram of chromosomes of P. excelsa

2) & =3

KEOREMICOVWTIR, SAX et al (88), FHUS(113), ORLENKOC( 6

TERASMAA (109) 545 n=12%ik2n=24ThA LRRELTEH, FHO

AR L — B L TV 5, BIEEOMEICEL TiE, DSAX et al 1 9XH" isobrachi

T, 3% heterobrachial ,Tdh b &b, TERASMAA ZAIERD & DHs 9 5, X

Db ob 2, KETOL OB I HTHH L 2WELTE D, EHEORBL—HL TV

F 1o, SEEico LTI, AHLG 254, TERASMAAREI , BV, R EACRE NS
BIOED, BVako R s, ORLENKOM I —0 s b7 e O ( var

europaea typica) 2T, BK, & X im0 Ekic, AhTh 1EET S &

LLTEH, EEZOBEKELRZVRZ - TV,

AHilc > Ty TERASMAA (109) b7 b FEMI7s RO BFTE 2 35 T/ > T A 05,

OREERWE L, BEHEOMPLHBLUTRT L, Fa5K, [46RDEBITHL,



SASAKILY . ; Karyotype studies on some conifers.
Bull.Ooita Pref. For. Expt. Stn.. NM7,1976

Table

45. Comparison of

Ba5k

F—0 X b T e O RS L CBREILO

the karyotype of P.excelsa with results

of the investigation of TERASMAA (1971)
AT SN N S Y AP p=) Relative length it H Arm ratio
Chromos ome . | EE %= . Z = -5}
TERAS-|, . TERAS- .
No MA A resent |Difference MA A Present |Difference
study study
[ 527 4.79 + 048 0935 0934 |+ 0001
I 4.76 4.6 8 + 008 0909 0.984 — 0075
it 4.6 4 4.6 3 + 0.01 0.893 0865 |+ 0028
v 4.60 4.61 — 001 0935 0884 |+ 0051
vV 4,32 4.53 0.21 0.758 0950 [ —0.192
M 4.32 4.24 + 008 0909 0783 |+ 0126
M 4.26 4.17 + 009 0909 0912 | — 0003
Vi 4.26 4.10 + 016 0909 0966 | — 0057
X 3.81 396 — Wl & | 0578 0634 | — 0056
X 3.6 2 3.60 + 002 0.680 0668 |+ 0012
X 3.30 357 0.27 0794 0904 | — 0110
X 2.87 2.97 0.10 0472 0463 |+ 0009
Remark } The results of TERASMAA was calculated by the
method of the present author.
a6 2—o 9N kY e OTIEREO-E
Table 46. Comparison of secondary constriction of P excelsa
with results of the investigation of TERASMAA (1971)
TERASMAA OWFFEAHEHE F &
ot (k& H Results of TERASMAA Present study
. (EET A | (EET ACH | R A1 {7109 2 B it
Chromosome e[ A
Arm having a v 5 HG Arm having a T 5 HIE
No. secondary c-| Ratio to secondary ¢~ | Ratio to
onstriction the arm onstriction the arm
E B , H
L Long arm 0:59:2 Short arm 29 5
5] i E T &
I Short arm L Long arm b 1
5 i - Zl i -
v Long arm 0t &7 Short arm 9245
5] i .
K Short arm 0.8 98
= fhis o —_— _—
X Short arm 99 25

Remark ; The results of TERASMAA was calculated by his idiogram.



Ve Al ) SHES B ELICERT 2 U9 . ROIRPREITER 75, 1976

Thbb, HANETIRE | REACESBY SN AL, fTBEBEILIEEE-> TV,
$1-. BELTIREV , B, EXpamcsnT, TERASMAA OfF L 30 b ZR
MNED LN S, “HFECHEL T, TORTE 280ESH 55, EI2VTE. BT,
sMt MV Rakic, 2hzh 1 3EET 5 Mics0T, TERASMAADORRE L
TWa, LpLas, £NbOFEET 55k, FEOMEL IR A>T 5,

(3) B+ +PE (Picea canadensis BSP)
1) =EEkSR

AFEOKERLEAT, 52 0RITRT B T, REERHIE 20=24Td -1, 2 H
Rt A OREFNL, 2 1KIURT EEITH D, cnewﬁa@b&%&m%%i@m%nam
Ste BB, SRPERAT 50 kE 3NBIEL 1

iRt EOENES L CBREILO TSR, §4 7RIORT EBHTH H. HAXRE, 297
~s521, BiEHIZ0520~0988 DTS -1z,

BarH HHE U eoEHREBS L ChEL

Table 47. Relative length and arm ratio of the chromosomes
of P.canadensis

Boox B [ =
RtkET Relative length Arm ratio
Chromosome T 3 TS =
No. P e S | ZEEMERR Vet EHERZE | ZARERE
M.V. + S.D. C.V. (%) | M.V.+ S.D. C.V. (%)
I 521 4+ 021 3.95 0932+ 0016 L.70
@>® 484 + 007 137 0930+ 0,014 148
(" 453 + 029 6.33 0,959+ 0017 180
(DX 452+ 017 871 0842+ 0016 1.87
v 448 £ 0.35 77 0988+ 0005 0.46
Vi 447 + 0.16 3.54 0929+ 0021 2.21
VI 421 + 033 7.78 0837+ 0026 3.07
I 385+ 0.24 6.36 0945+ 0023 2.38
X 374 + 0.16 416 0701+ 0012 165
X 369 + 023 6.33 0602+ 0019 3.13
Xl 3.36 = 042 1263 0814+ 0016 196
X 297 + 040 1335 0.520+ 0.006 .21

Remarks ; 1) Mark O° show the chromosome having a secondary
constriction on the short arm.
2) Mark O shows the chromosome having a secondary
constriction on the long arm.

_5 Oﬁ_



SASAKI Y. ; Karyotype studies on some conifers,
Bull. Ocita Pref. For. Expt. Stn., M7.1976

ﬁﬁﬁﬁ@%%\%%&m%uwa—r@mﬁw@<,%am%@WMKﬁw%®5nt
(B4 8K), 1o, HHES B2 ORMBEKRITELEYD & s (Fa9FK),
Ba8F HF+F by cOBMERSHONE

Table 48 Analysis of variance of arm ratio of

P.canadensis

51 & HEE | E SR | EWS | omlt
8.V D.F. S.S. M.S. E.
% 28 a
T5 7 51 71 1.5 41
7 SO ¥ 1€ Fok
gL . . .
Within chromosomes 11 L4972 01361 st Y
i T w— kR 5 0.0026 | 00005 167
etween plates ‘
) 2y
& % 55 0.0143 00003
Errors

Remark ; *k—significant at 1% level

a9k HFF b OEMEIRITE

Table 49 Analysis of variance of relative length of
P.canadensis

i A R EE AASE VEPET | 9 E e
S.V. D.F. 5.3, M.S. F.

£ 5 {jk 71 317884
Iotal

; g\lj ta ﬁ; ﬁ:ﬂ 11 273629 24875 33.73**
Within chromosomes

a = 60 44255 00738

Errors

Remark § >k —significant at 1% level

Ioic, FroEEORELBE L CHERIZOWT, 50 AHAEROHERE C .,
s OFREE L DT, BROEEEEBOBINHELTRT L, $50XODLBEHTHH, §
RTCOPEES LT E 1, /2, B EEV, BV & PIRERL, FNRES S OB
e Fdavns, Bl FBEVREESTNTNRIEERET AL 06, BSLBNTE
i
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E50# wFF b OREERIHEE

Table 50. Significance ol morphological difference
of the chromosomes of P.canadensis

Chror;zsome W 0N X K WM VMV @5 ‘@L @s [
1 o6 o 6o 6 edo b ///
@ |ooooooooo0o
@~ OO0 O0O0O0O0OO0O0 o/ﬁ’
(DN O O O O o0 O 00 0 -
v O O O 0O 0 0 0
W o O O o0 O O
VI O O O o0 O -
Vil oooo 7
X o O O
X o O
W O Remark | Mark O means the significant
X difference at 5% level

—lEREOAERL, B 1RIORT BT, B, FVLAGKRERC, $i, $1
ki ERic 2 nEh 1 §EEL TVW 3, £OMEN, 51 REEBodh e 6 BiEES
hiz, M YE MBI I diic, F BV RAEEBEO e 6 eIHL hTh - 12,

WM51#E HFE YO IREEOME

Table 51. Position of secondary constriction of

P. canadensis

de @tk & 5 | VB T OERE | BREH (%)
Chromosome No M.V. =+ S.D. C.V.

I (Sil?ort%fr}m 0419 + 0026 6.22

v (Siirt"iﬁr)m 0553 + 0024 442

LUEOHESRD S, 73 5 +Y e BBz, ROXTEDSNS,
K(24)=2A"+2°BM12.5C"+2° D™+ 2E™+2F"4+2GM42H™
$2.] Mg 1 0 Lo My a1 IO
T, BEREREIL, P2 2BItRT EE N TH B,
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Bull. Ooita Pref. For. Expt. Stn.. N7 .1976

M

R ;{f\\ e
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¢

%20&1 B FE T e OEMIEYE

Fig.20 Somatic chromosomes of P.canadensis
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0.9} 2.7

i
a ’lll'“

Arm Ratio
= ] o
o ~a oo
®'® m
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T
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Relative Length

B21R » 4+ 2 e OHRREKOREH
Fig.21 One example of decision of homologous chromosomes
in P. canadensis
Remarks; 1) Mark X shows the chromosome having a secon-
dary constriction
2) Pair of homologous chromosomes
16, 2—22 B—13 G—=23  S—16, T—l 7,
8—24,9—21,10-20,11—14,12—18, 15—19



Pk AT 3 BIEEROMENT BT 5 BV , AOMRMEADHR, 5175, 1976

I I I N v VI

Vi vl X X X X

o2l A F T e OB

Fig.22 Idiogram of chromosomes of P. canadensis

2) & =
AHICoUTH, SAX et al (88), STIFF (101) 5645, 2n=24THHT !
WS TV B0, BRI BEY 5 RS W 20,
Tz, AFBORGHIEN 2n=24Th AT & 2HBLIL, REEERS IOIHITEYIT
L. ZOMICARE A 3 OB & NS0, BIFEOMEE. o b 0ns 0 %, ot
HOLOMIHTHD, COS B, B, BV AGEKBERIC, o Ifaks R
TR RHT 5 C & RBIELI
(4) YRS RORESH
HiAOFH T 2y, 3—ny ke, BXENFF LY ED SHIRONT, BREOLES
ATz,
Z ORRERD LB TH %o
1) REHH
f e lE 3FEOREAEIE, aNEN2n=24Tb-1,
2) MEHOLE
BEAO M, F5 2 RICRT EBDTH D, 3L sk S0 § DA
B, KIEHO S DiE3— 0 58 by CORXREHEO LI TH 1,
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Bo2# b elm 3o B Ao i

Table 52 Centromeric position of three Picea
species
i % o o th i i #
Name of species Median Submedian | Subterminal
B T e G ;
P.Glehnii ) 3 0

I—pysERYE
P.excelsa

HFEE Tk

P.canadensis

3) ZRBEE
P eEO3EIRONT, SRS T 2 AkE, ThTh s HBELIM, Cho
FLEHTRTE BE3LOLENTHD, 2hbH0H b 20ha S 161 P MY f£/F
TAHLAT, sfEE MU L1,

Fe3# FovlmE 3o mIEEO N
Table 53 Position of secondary constriction of three
Picea species
fili # gu th (k5 T % ki TEET A et 3
EH| P
Chromosome Arm having AHlE
Species No. a secondary Ratio to
constriction the arm
Il k e 0.470
Long arm
TRES Y 5l i) L.
P.Glehnii o Short arm §-80ea
VI k B 0566
Long arm R
= i cE
L Short arm Qe
3 —0 ¥ (< =,
Bt by | ke it 0521
P.excelsa Long arm
b5 i
\ Short arm 0‘_‘?_45
g i .
L Short arm 0.419
ﬁfﬂk@; I I i —
P.canadensis Long arm
ok fhii .
v Short arm Giia 3




(i A 5 SHEER O RAUC BT A BI9T , KOEMEIIR, 75

, 1976

i) RRREHH

b R 3 EOBIRLS & FHRRICOWTAHAT 26 280, T NThEDITRE &)
UfchiFid, 5 4%, Mo s RIURT LB TH Y, WIN REAHRICHREESED 6

1o
Foak bvremsHOBRLSEINTE
Table 54. Analysis of variance of arm ratio of three
Picea species
# A HEE | EJTH ST 43 H L
S.V. D.F. 5.5. M.S. F.
4 &
Toses | 2 k5 4.5702_
o M fok
G .
N R NS M 23 45098 0.1961 65367
# %= 192 00604 0.0003
Errors
Remark ; dck—significant at 1% level

Fo55K bvefE3MOMNESRIE

Table 55 Analysis of variance of relative length of
three Picea species
i 7N BHE | T SgSEST | o b
S5V D F 5.8 M.S. F.
ES &
Tota i 215 810946
] % & kW 23 715611 31114 62.66>1<>}<
Within chromosomes
2 = 192 9.5335 00497
Errors
Remark ; *)k—significant at 1% level

égm‘%aw%%%mﬁﬁmﬁ;UﬁNEmOmf®&%©%ﬁHﬁ®&W%ﬁcam
ChEORELSE LT, JROEEEEOBINIELSCH -t Theb LitLT, H
EHANARBAENGIETRT L, BS56RDEEHTHY,
T ARBEEKE, DT 1 {HDAETH- T,

b oefE 3 FEORiTIt
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o6& bvefE sHioRm kol

Table 56, Comparison of the chromosomes of three Pices species

i i CHETE N T

Tree species No of same type chromosome

FhxJ=w W |

P.Glehnii I ®LS Vi v v w|& x| x|x|x
s TN A - s
P.excelsa I I v X @
hFH e L P

P.canadensis I @ VI v v X

5 i G

Tree species No. of same type chromosome

FhE 7y R
P.Glehnii

ER IV A = [ s

P.excelsa g* ViV K X Xt

HFF T 5

P.canadensis @ @ I KX XX

Remarks ; 1) Same type chromosomes are no significant at 5% level .

2) Mark >K shows that it has no significant difference fr-
om the chromosome | of P.excelsa,but has significant
difference from the chromosome VI of P.Glehnii.

3) Mark k3 shows that it has no significant difference
from the chromosome V of P.excelsa about relative len-
gth and arm ratio,but has significant difference about
position of secondary constriction.

X 5ie, BEHAMORES & CRBREENERT L, B 7THOLBH THH, HER
OEBREAEE, Fhny v vla—ny N b el a3, ThARY v b a &b
DEOEICE SR, F-n oS b hr A eIt 2 e NTNEELTNA L &
Bhdoi,

PB57F o eimaEORE S L o RIS R

Table 57 Number of same and different type chromosomes of
three Picea species

W% & & —

1 1
E:—E Number of same type chromosomes
e O —Species TR IS Sty k7 A rUE
21 " Species P.Glehnii P.excelsa | P.canadensis
Bl "o S Th ISy
e

° 23| P.Glehnii 4 i
B " E : -

T R I e = B RA T N =
* 2 = 9| Pexcelsa 6 — :
ﬁé;g WFFLUE 5 0B

P.canadensis




ek RFEHI 3 SHEBIORANC BT 2 B9, RORMEVR , BB 75, 1976

5) £ &

b e BOFEOREERICONTIR, ZLOFEFIRE T, n=12F21d2n=24Tdh
AT EMPEINTEN, FEOMHEL N E—HL TV,
ABEOHOBEEOMEICHL TR, £LOWENH 5, T74D5, SAX et al (88)
X7 AV #~YEL ( P.pungens Engelm.) 2T, “isobrachial . #39%f " h-
eterobrachial , #53%, MEHRA et al (51) i35+~ ) €I (P.Morinda
Link ) 1£2WT, s L ohifo & o 958, Ko b o3 3%, MORGENST -
ERN(57)id7# ho b ( P.rubra Link )L ¥% a0 kvt (P.mariana BSP) IC
DUNT, IO O 9%, mAED & D3 3%, BURLEY (3) ¥ A~y ET (P,
sitchensis Carr.) L2\ T, ks 9 (TR 35, £z, KRUKLIS(35)
Fawk bk ( P.obovata Ledeb.) 22T, “isobrachial ,# 93T, “het-
erobrachial ., »3WTH 2L, FNEFNBEL TS, O I, ¥ LBOFEDHEIH
ORI DN TIE, & AEORLGIZH T, FHED & O 95, KO s Dh 33 &k
RENTNAED, BEHEDHEL £ - 12 L AUMESE L hz, '

b e BOBEOEEREIC 20 TIE, MEHRA et al (51) dexsv 0 (P
Morinda Link )iZ2W\WT 3%, SANTAMOUR (80)#3k? & ( P.jezoensis var.
hondensis Rehd.) 2T 2%, HA(40) 435 F & ( P.polita Carr.) T2
T2xflll, BURLEY ( 3)#& h#hnYEZ (P.sitchensis Carr.) O&MEMAMAC,
MOIR et al(56) 5 kBN E TITOWT 5, SKUPCHENKO (99) 23F 2 74
b2k (P.obovata Ledeb. YIiT2W\WT, B HBL FENHAEIT, U6 (113) 7
Az rBlFa—n y b eR2DWNT 43, FLLTERASMAA(109) 13— ¥
F7EIZDNT, B0, SV, FXREEAOER, sLEE1 ., B VRnEoEMCEET 5
CERTNTHREL TWVWA, ZOLHIE, b2 B0 RPEECBEL T, £ < O
SNTVAEL, TOTIE L~50, FREET 2 RMEAG L ORlics N TE, A hoHk
BREDOENSE, LEULEHE, fllOE { oG L TEOMEL 280 TH S &,
DOFIE 3~ 43, TR LGT 2500 5 b0 23z, B1EL CEIEOEICEE
THreDEHEFEENA,

FRHETZY, =0y by e, $XFHFF by 0 SFicImT 2 ARG ML 1
HIZFTHHT Lo, TObD SFMAAFAMMES 22 b ATV A b D EHES NS, &
12 FHED 7 hx T vk, MEEDI -0 o X o eBL A FF b e 2ff & gL
reE, MRERE»L AT, #+4 e EOBOAPEBTHELOEEL 0N,



SASAKI LY. ; Karyotype studies on some conifers,
Bull. Ooita Pref. For. Expt. Stn.. N7.1976

FGEE@@@EMMOHT@\Eﬁ%(m)@ﬁﬁﬁ%b,ﬁ%ﬁbﬁtx:f??@ﬂ
BRI B, 3 -0 oS bo b@s /2Bl On+5 h Y e L OMEREL . 79
T BB UK, =2 0@ s od, I -0 o R rYeBL0AFSL RO L &3
1 O%INDRIET H s To &b Td, BWE (15) 4, =V vy, 7Hx /vy, 30
2P TE, BIFAFH P LRONT, BRSSO S R, HF L X )
Y HMNE, HE Y ROERBEO NI ST EREL TS, TR (120) 13, AL
L ->THRINIHF S roex /2 v0OF, BEKOOTEIREA RS20, S
& CHBIEIEE TS OPIEITH by KE LRI TORBAE RIS ¢ (5 2% ).
HEFESEEA DA IS S NI T EE ERHHE LT B,

IS DWED L. by e BORERASHCE VTR, ZOEENEIERL S RN LD s
BABND, CLT, FEEHBWR BB -1z by e @ 3ico0 T, GEBL CEM S off
BAEHER P EDTABLE, PHIZ /7YX T—0 9Tk, BIFFHI S v xhF
Fh7eid 1 0%MNNORIETH-f2hd, 3 —0 v b ok xH+ 4 b eicidfiisi T
otz &icizh, FEHEOBRAROMEL LHL TV D EELLNS,

2. YHRE (Tsuga )
(1) AWF2ZYH ( Tsuga Mertensiana Sarg.)
1) REiR
AEOKMEREEKIR, B2 3BIGRT LB T, REAEKEIL 2n=24Th -T2, F12,
g kogERIE. 2 4BiTRT B Th b, Thb DO EHICRTX 46 Niah
Slle 53, ZRIFERET ARMER, 3 HEEL 1
SR EOHNES X CBHELO TSI, B5 8 FORT L5 TH h, HHEE, 318
~4.81, FEHIZ0440~0965DHFATH -1,
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WmLg# AT AV HOMENES L CBEL

Table 58 Relative length and arm ratio of the chromosomes
of T.Mertensiana.

o kR B wow R W £
Relative length Arm ratio
Chromosome \“Spif + Pz | £ 9600 | VIO + EORRE | SOURE
M.V. £ S.D. C.V.(%) C.V. + S.D. C.V. (%)
O 481 1+ 020 416 0965 + 0019 2.00
|l 474 + 025 527 0880 = 0019 2.13
m 467 + 0.16 3.43 0965 = 0022 2.9
Y 464 T 0.21 453 0830 £ 0025 3.00
Vr 453 + 0.25 5.52 0964 + 0022 2.29
Vi 421 1+ 020 4.75 0908 £ 0032 349
Vi 407 + 019 467 0789 + 0028 351
il 399 £ 0.27 6.77 0527 £ 0022 419
X 396 + 031 7.83 0724 = 0021 2.86
X 366 + 023 6.2 8 0585 + 0021 3.56
X 355 = 0.22 6.20 0677 £ 0017 2.53
- 318 £ 015 472 | 0440 £ 0022 4.91

Remarks ; 1) MarkoS shows the chromosome having a secondary
constriction on the short arm.

2) Mark OL shows the chromosome having a secondary
constriction on the long arm.

DESTT OREE, BEIE T v s — M ER L (., Ha 0B AEICENED L
(55 9%), £, HNEL SRR EPED LRIz (F6 0F),

W|59F  xuF A HOBELS SR E

Table 59. Analysis of variance of arm ratio of
T.Mertensiana

L [EN EHE | TR ST ya:igine
S.V. D.F. S.S. M.S. F.
ﬁTotalﬁk 71 21999
With?';én %‘hrﬁnoﬁ)mes T 21688 | 019716 | 366481
Betwie: p_la't‘efﬂ 5 00015 | 000030 056
" Errorsi 55 00296 | 000054

Remark ; dK—significant at 1% level
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FBE0E ANVF 2y HOHMNESTE

Table 60. Analysis of variance of relative length

of T.Mertensiana

% A HEE | EHM | YL | oElk
5V, D.F. 85:8: M5 E.
& &
S 71 21.1886
R FE G 11 181857 | 165325 | 3303
Within chromosomes
e B Za 60 30029 | 0.05005
Lrrors

Remark 3 >kk—significant at 1% level
351, HrOREFEOBERS X CHEMEIZ LT, H5WAHEAEROHE 245 0,
CREDFERE2E LD T, HRMEHEBOBIEELZRT &, 6 1EODEEBITHH, T
RTOOENS B BT &1z,
Ee1FE AT Ry H O RIE R

Table 61. Significance of morphological difference

of the chromosomes of T.Mertensiana

Chrom[;)ﬁsome @L X X K VI VI VI @L vomoI @S
@S 00O 0O 000 oo oo
I C OO0 OO0 0C 0o O 0 O0
1 O C O o0 o0 o o0 oo
v O 0 O OO0 0O O 0
Ox O 00 O0OO0OO0O0
W o O O O O O
Wi O O O O O
VI o O O O
KX O O O
X 0 O
X @) Remark ; Mark O means the significant
@'— difference at 5% level

$ 1o, ZUOEEOMENE, 6 2RIGRT LB N TH O, B 1 RAEFEERC, HVBIT
Stk B, 2hEho®IEE2HLTE h. chs oz ning ohRe o

%Ef‘ﬁi b’cﬁ)’jf:u
- 617



e A ; SHEEHORIICET 2B, AEMGDER , 575, 1976

#eoFE AT AV HOTRERED AL

Table 62 Position of secondary constriction of
T.Mertensiana

AR T N S VL 4 EERELRE 4T (%)
Chromosome  No M.V. # 5.0 C.V.
1 (% i)
Y 0544 + 0021 3.90
v (& ) 0561 T 0024 4,21
Long arm
Al L(E{ i) 0592 + 0018 2.95
ong arm

CLEDE RN L, A5 2y HOFEMT, ROXTERDEINS,
K(24)=2°5 A4+ 2B™+2C"+2D"+2csEM+2F"+2G " +2H"
g T LR LG

reds, BHEREE, FE2 sMITRT BN Th A,

% - W’
. T
~axh\vr
e
> 4

o3 AT Ay FOEMIBGEEE

Fig.23 Somatic chromosomes of T.Mertensiana

—(2-
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107 19
T2
6422
agf LRy
*2
NI
08} 23
“
o 15
et 10
i
@ 07 ia
o % -9
E  os} "
<
-m .a
+21
05}
%24
17
o4t
, P
A L L ! n e

0 " 20 30 40 50 60 70
Relative Length

24l AT A AT OMEIGE Ho tei )
Fig.24 One example of decision of homologous chromosomes
in T. Mertensiana
Remarks) 1) Mark X shows the chromosome having a secondary
constriction
2) Pair of homologous chromosomes |

1—23 ,2—%,;8—5,4—16,6—22; 8—21,9—14,
10—15,11—13,12—-19,17—24,18—-20

il v Vv Vi v KX X1

o5 AT Ry H ORI

Fig.25 Idiogram of chromosomes of T. Mertensiana

Vi X X

—63—
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3.

2) & B

SAX et al (88)1, 32 v# (T.diversifolia Mast.)y #F& Y4 (T.can-
adensis Carr.). BX0# 854394 (T.caroliniana Engelm. ) ORAEHITO
W n=12THAC EBWELTVA, 2. SAX et al (88) i #FFYHBLYL
hos 450 2 HiconT, BEERONKIR" isobrachial 39T heterobrach-
ial M3NTHH, ISR ET A RERSTATN IHEEL TE h. Comiffid s b1
FOEPILTVA ERNTVA, UL, AFEICBL Tid, BROFMSHE L0,

sy AREOUEBAEL 2n= 24 ThHH L RBEL, ABOa 2N, #FLYHBL
Fhos4+un EAMTHBC E BRI, REkE AR SOIECAINTS &, TOKES
A b M A ETIREA U, 2 0BIcREs EIoZLE@n s N,

mﬁﬁwmﬁm‘$%ﬁ7ﬂ\m¢%ﬁ4ﬁhmﬁﬂwamﬁlﬁvéb\SAxetalm
ek L 3B LRI STV A, COH B B [ REkEENI, BV X CEXREMKT R
CENTh R RET 5 L 2BIEUIS

SAX et al (88)1k hoefE( Picea ) &v#HIE( Tsuga ) DRAFDEREILL (H
BIL TV EB<TVBH, FTEOBEER T, BEEDOES & CoRk KBRS 5 Rk
DEBCAEIRERBEDLNEL DD, COTOOEOMICIEH E HELME TN DEE
A BB,

hHH27>®(Pseudotsuga )

(1) ¥5RXREZ ( Pseudotsuga Douglasii Carr.)

1) RE#ER

KEEO AR EAE, 82 6BICURT B H T, REEHE 2n=26 Th -1,
12, HEREEOBEIZ, 2 7TBICRT B TH D, Thd OREEHICAENEAL
hishrot, 58, ZREEPHT A EE2, 2xdBELR,

HREEOHEN RS L CBRIOVFSEE, F6 3FKURT LEITH H, HMRE 213~
552, MRtz 0368~ 0966 OfiTH -1z,
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B3 #4572 OHVESL OCBER

Table 63 Relative length and arm ratio of the
chromosomes of P.Douglasii
AR ) il _i‘i E 1T =~ s
Relative length Arm ratio
Chr omo s ome = = e
VOMELEREZE | R | Ol AR | 2 REN
No. M.V.+ S.D. (C.V. (%) M.V.+ S.D. C.V. (%)
I 552 +017 311 0910+ 0023 24571
| 5093033 6.5 4 0966+ 0014 1.46
] 500+ 022 4,44 0889+ 0.025 2.79
3 485 +0.29 6.03 0932+ 0018 197 °
v 469+ 024 510 0.854+ 0.021 2.4 0
Vi 359+ 020 5.4 7 0425+ 0021 4.92
(V- 358 £ 0.15 429 0515+ 0.018 3.43
VI 328 +018 548 0.471E£ 0016 335
X 328+ 019 583 0.368+ 0016 4.37
X 3194+ 012 3.88 0433t 0015 357
A 301 +023 7.6 8 0470£ 0014 2.88
bl 279+ 009 3.34 0425+ 0017 4.05
X 213+ 011 502 0710+ 0020 2.84

Remark;MarkOL shows the chromosome having a secondary
constriction on the long arm

SR OME, BRI L85 — FRICED 2, Hx oitaiEficsmnfln s hi
(856 43), H7, HMAES BroREfllicEZrdEln ohiz (86 5#),

Fe4F U9 2E DRSS HSTE

Table 64. Analysis of variance of arm ratio of
P.Douglasii
i BN AR | 5 S 77 i
S.V. D.F. 5.5, M.S. F.
4 (S
Total 103 53054
?j‘h (]~
R o8 K H 12 52741. | 043951 1292.68**
Within chromosomes
Jv - htH 7 | 00025 | 000035 103
Between plates
e - 84 00288 0.00034
Errors
Remark ;***Signifi'cant at 1% level
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Wes5K FU 72T I OHMRSHTE

Table 65 Analysis of variance of relative length
of P.Douglasii

i (A I U7 SR 43 e
S.V. D.F. S.S. M.S. I.

£ {4 ’

Total 103 111.0469
: % ER 12 1071772 893143 210.()5>k>}<
Within chromosomes

& = 91 38697 004252

Errors

Remark ; skk—significant at 1% level
$5ie, BrORMEEORELS I CHMEIR2VT, &5 W2 OLER B /a0,
o OREREE LT, REOEEEBOBIHERRT L, Fe6XKDEBHITHY, T
T DPBAPBERHEIT &1,
W66 #4457 AT I OUOMAERHIEE

Table 66, Significance of morphological difference

of the chromosomes of P.Douglasii

Chr“Tisome XI XX X K WA vMovV®moononl
I OO0 O o0 o0 0O o0 oo oo
I OO0 O O 0O 00O 00 OO0
Il O O O 0O O 0O 0 0 0 0
W+ O O 0O 0O o0 OO0 O O 0
N O O o0 0 o0 O o o
Vi O O 0O C O O 0
- C O 0 O O O
VI O 0000 “
X O O O O
X o O O
A o O
¥ 1o Remark ; Mark O means the significant
i difference at 5% level

ZRFAEOMES, 6 TRIGRT EBS Y THH, BV L OEVILAGEIL, ThehoR
Bl —okEdEe LT D, FOMBILNTORE BOMR e 55l hTh - 1,
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FBeTE FU72% 1 ORPso E
Table

67.- Position of secondary constriction

of P.Douglasii

e ta (k F B FE tomemEE | BRER (%)
Chromosome No M.V. 4+ S.D. G AN
v (& B ) 0635 + 0024 382
Long arm
Vi (& #i) 0533 + 0030 561
Long arm

P LEOHRYP L, #4352 i OBz, KO TEbINA,
K(26)=2A"4+2B™+2C™+2cs D"+ 2E™+2F% 4205 SN 25t
+215 428t oSty St yoysm
T, BB, 2 sBICRT L 60 TH 5,

72 :""

Boe 447 2E  OEILYLEGE

Fig.26 Somatic chromosomes of P. Douglasii
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-3
X215
w19
08

07 812

06

1
Xx10

Arm Ratio

05+
# 'y 20
‘23
.6
22

03}

AN,
N

gL L 1 1 i i
s 1

20 30 40 S0 60 70
Relative Length

27l 452 1 OHRGEEO HEH]
Fig.27 One example of decision of homologous chromosomes
in P. Douglasii
Remarks; 1) Mark X shows the chromosome having a second-
ary constriction
2) Pair of homologous chromosomes;

1—5,2—9,3—15,4—17,6—22,7—26,8—12,
10—11,18—18,;14—19, 16—25,20—23,
21—24

r v v VI Vi Vi X X X X XI

28N U5 2% I ORAERK

Fig.28 Idiogram of chromosomes of P. Douglasii

76 8.__
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4.

2) & &

AHOREAEHICONTIE, SAX et al (88). ZENKE(124). BARNER et
al (1), CHRISTIANSEN (5), THOMAS et al (110). LIVINGST-
ON (44)5%% n=13%132n=26THBC &%, —f., LANGLET (43). DU-
RRIEU — VABRE(7)i, 2n=24Th32 %, %1z, AEO 475 (P,
japonica Beiss )\ M2 ( P.sinensis Dode ) 68X 24 72 b4 475 ( P.Wil-
soniana Hayata ) @ 3THIC20 T, DOERKSEN et al (6)izn=12Th5s &
BREL TV, AEOBEEOMEICBIL T, SAX et al (88) 1. i 6 4.
“heterobrachial .25 6%h L 1 FHASERAMHOE DTHBC &%, LIVING-
STON (44)13, Al 55, UGB 63, B OMHG 2 TH BT & BWLEL T 1
Ho COL I, FREIZOWTIE { OIIFEHZ SN TS b5, HEIOIEMZ RS20,

FEE, KEORGBAEDS 2n=26 Th B C & 2IERLIL, Rafke ks 3 OIEICEST
ey BV ERNREEOHICERMERESOLEHS b, CheIT LT, 5 I~EV i
EEEV~F XN RERO 2OV —F I bh, ThFRO 5 v —FHNTIEA S 22t
20, BIEROMIFEIZ 2L Tid, O b Ob 51, PO Dbt 2 0k IO b ops
6 MFIET AT L 2BEL . SAX et al BLFLIVINGSTON MHEL TWA 68
Db DD 6 s h o 1208, Hifds & CIREGERD b OhS KIS % 5 B ST LTI, flid
OB REDOEE & 12F—HL T5, 1 3foimdh, FV &SRk, 2heho
REUC 1 WO ERLZFLTE H, ZOMEROTRS BORR»LEHLE b TH 5,

v vRHCET A, R 2n=24Td b, BFEEOAEIITEE 123 bSO &
DY ARZH 2 ED A C LR THE L INT VA, #752F 113, REHHI 20=26
Th b, BFEEOHECBEL T, Pl k CORIEHD § 0B ES e Ed T h, v O
D & 17 b Fils > TV B, READREIORICL - Ty k0 5 it =205 L—7
R o, FrBRICONT i, RS & RO o s, Kb &
CRIGERD & DD LB EAAET 208, BARS (40) itk > THESNIE T (A fi-
rma S. et Z. ) LHLILTVWA DEBbAA,

LEDE sk eme, #7721, v VBORTIRLL VERLFELZA60 5,

TUROLEHE R

(1) HefH

vy BOEILoNTId, FEFILE  OWEBH 545, FOAITROEBICET AL 0TH b

FEMIS B E T ANTL A § 0L,



ok Al ) SHEM ORI RET A BT, AOMEMGIRTE , 5755, 1976

2T A DT, M HH T FBEHRNITRTOMOREAES, n=12FTd 2n=
2 4THBHC LR, CNETOL L OFEILE > TRERD ENT NS,

EESPFEE B LSz sEDS b, MAYT IBO LGS 2n=26THbh, FV
R Oy AR I T~T 20 =2 4 Td b, TS L OHEIED b OERED 618w
- 120

(2) BEFEOLE

2w HOBEOBEKOMBICEL Tk, HEMZ { ofEdsd h, ThThoEick - T, 4
ST TT VWA,

FERPRE B - rw v B 5T, BLOChETOEARERE b e, HIKL ORTE
e 8K FEIFDELEBNTHA,

S OFEEDS, b eI BVTIE, PERL 9 W TRHBEEL 35, F£701d" isobrachial o,
5 9%T, “heterobrachial 3T h. vV ETEAEL 10~ 11 TRATHA 1~ 2
HTH b, T BT 71T RIS X CUHEDS 50, 12" isobrachial 37 X
T“heterobrachial M5 ELD T EIEA, TOMOBIRDVTI, FREAILDNODT,
zhahonizShHanss, ZEMICHS &, v v BOFBIZRES L CREEO § OB RS
ThoHEZLLND, LbLHs, bHH 7 7B, R0 o6 FAELTHH, <
YHRORTIRABOEIE. 3bD TRHRAELFELTHLLELLND,

FEOBEARTE, Py eEo sEIcEL TR, fhobfre S i3E—HLTnan, vHE L
HBELEMFYT @ LIEIC 0TI, B08L - RSB LN,

Mmes X vyHOEOBREEDLE (1)

Table 68 Comparison of the centromeric positions in some
Pinaceae species (1)

m % i % OB | sRE | R | G WoR E
Genus Species Median | Subme- | Subte-| Termi- Investigator
dian rminal | nal
;)‘UﬁﬂUT:Q g* 3** 0 0 SAX et al(1933)
.pungens
e g 9 . _
P.Morinda 3 0 MEHRAet al(1956a
Thhve T i
% & | P.rubra 2 3 0 0 |MORGENSTERN (196
: J8 hDE . ) )
Eives Pthel gt 9 3 0 0 |MORGENSTERN(196%
AN E D
P.sitchensis 2 3 *! 0 0 BURLEY(1964)
FavtlbvE * 23K .
P.obovata ? 37 0 0 KRUKLIS(1971)

—70—
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Bull.Ooita Pref. For. Expt. Stn.., M7.1976
Table 68. (continued)
B % M o5 | oW | oohm | s | om0 o om o&
Genus Species Median| Subme- | Subte- | Termi - Investigator
dian rminal | nal
SKUPCHENKO ( 1975
;E?:eilzlj 9 3 [ 0 0 !Pre:;unt author
A o ¥ 3K 0 . | SAX et al(1933)
P.excelsa
(N7 S
_ 9 2 1 0 TERASMAA(1971)
Picea
9 2 1 0 Present author
RFFETE ; 9 3 0 0 Present author
P.canadensis
AFIIH oK K| 0 SAX et al(1933)
” 4 T.canadensis
- LY oK Bk 0 SAX et al(1933)
Tsuga T.caroliniana
)UDT:/ZV.“}J 7 4 1 0 Present author
T.mer tensiana )
T Z 5?‘7’52%5.. 6 0 6** 1 SAX etal (1933)
P.Douglasii
Pseudotsu- 5 0 6 2 LIVINGSTON (1971)
ga
5 2 6 0 Present author
Remarks ; >k — Isabrachial
sck—Heterobrachial
Feok vyHOMOBEEOLE (2)
Table 69 Comparison of the centromeric positions in some
Pinaceae species (2)
B fifi e RO e | (I A <
Genus Species Median |[Submed-| Subter- Investigator
ian minal
7awy 10 2 0 KUROKI (1969)
P.Thunbergii 10 2 0 MOROMIZATO (1975)
Fh2Y 10 2 0 KUROKI (1969)
P.densiflora 10 2 0 MOROMIZATO (1975)
FTAL ATy 10 2 0 KUROKI (1969)
< v P.densi — Thunbergii
_ PP e 10 2 0 KUROKI (1969)
Pinus P.luchuensis 10 2 0 MOROMIZATO (1975)
BATTHY 10 2 0 KUROKI (1969)
P.Massoniana
T RANAN g 11 1 0 KUROKI (1969)
P.pinaster 10 2 0 | MOROMIZATO (1975)
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Table 69. (continued)

B % i %, O | GRS | R W w =

Genus Species Median | Submed{Subter - Investigator

ian minal

Ny by 10 2 0 MOROMIZATO (1975)
P.insularis
Wy 2w 11 1 0 KUROKI (1969)
P.Banksiana
ATy 2y 11 1 0 KUROKI (1969)
P.caribaea 11 1 0 MOROMI ZATO (1975)

¥ Yol zpro—Fwy 11 1 0 KUROKI (1969)
P.strobus

Pinus TFF ATy 11 1 0 MOROMIZATO (1975)
P.echinata .
N—o=F 7 11 1 0 MOROMIZATO (1975)
P.virginiana
F—Fey 11 1 0 MOROMIZATO (1975)
P.taeda
£ oy e 7K | skl o SAX et al (1933)
A.cephalonica 7* 543K 0 MERGEN et al (1963)
JuFER 7K | skk 0 | SAX et al (1933)
A.concolor
Er kFa—%3 7 5 MEHRA et al (1956a)
A.Pindrow

N I —- 7 5 0 |MERGEN et al (1963)
A.alba

Abies | yu7zE 7 578 0 |MERGEN et al (1963)
A.lasiocarpa
S —TWER 7 57K MERGEN et al (1963)
A.nobilis
E g 7 3 2 KUROKI et al (1971)
A.firma

_ "7 6 68 o SAX et al (1933)

NTT e L.leptolepis

Larix A—wyRh Iy 6 6K o SAX et al (1933)
L.europaea
B FRAT 11 1 MEHRA et al (1956a)

-5 .| C.Deodara

Ee;:jf LRkt il — ¥ T I SAX et al (1933)
C.libani
Remarks ; >k —Isobrachial

sdok—Heterobrachial

—7 2_.,
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(3) —dpkese

v YROBEOZIREIC OV TIE, HEBIINE C OENST S T3 05, BEEE 3 12 fBic ) -
T “RIREOY, AT 5 ROEOFS. B OFET 2BIC kS L ERDSED Lh 5,

FEVWREE S -toe vy s, BLOCNITORERE D 2w, HBELTRT S, 5
TO0K, FT1EDEBYTHE,

CNHLDOHFT, Y EBBL vV RBITONTIR, i hE L OWEHNAS N, Hrice v RicH
UTIEFMIZ eSS 30T, BA(37) B 9FDt 0T <Tic e, FERE(58) 1%
10FED b DIT2NT 2~ 3O RPPEDTEET 5 LT B, b e BT o0 TId, =K%
ORI 1~ 5 WML ELEHLOREGEE S, THELET 2 RAGKOFRSICE ERBH D, 20
B - & ) 2h» s, BAENCAS . by e EOEI T REREE 3~ A MFTHE L. 20
Fb0 2B Nk FENREFCELET SO EELLNS,

FLHOBEMBETIR, My e B3l Oy VBIEcRIhTR 3, rH YT 38 15 2
HOZRPREDEFEEL. b sHOTKEEDME L, 2T hEET2HOIIPRbE iR
L hThH -1,

BT0E <O KD HiK

(1)

Table 70. Comparison of secondary constriction in some
Pinaceae species (1)
i # TIRPEAE DL TR T A Pk FH T W% =
No. of seco- (fF{ES B BE)
Name of ndary con-| No. of chromosome having a Investigator

species

striction

secondary constriction

(pairs) (Arm having it)

LvIv¥nYER 3 MEHRA et al(1956a)
P.Morinda
(R A = > 2 SANTAMOUR (1960
P.jezoensis
N E R Above 2 KUROKI (1968)
P.polita
AN EZ 1 me — ) BURLEY (1964)
P.sitchensis

5 MOIR et al(1972)
Favter bt 2 I( — ), 0( ——) SKUPCHENKO(1975)
P.obovata
FhmT T 4 — TOYAMA et al(1967,
P.Glehnii

3 IC(L.A) (S AL ) MKL.AL ) Present author




e KR 3 SHEERIO BRI AT, AONRAMGR , BB 775, 1976

Table 70. (continued)

T # TR DEL SRR T A YR OH (I A 1
No. of seco- (FET B HB0)
Neme of ndary con-| Noof chromosome having a Investigator
species striction secondary constriction
(pairs) (Arm having it)
S—m Sk 4 . TOYAMA et al(1967)
P.excelsa
5 I(L.A.) ,II(S.A.),V(L.A.) TERASMAA (1971)
M(S.A.), X(S.A.)
Sk 2 X(S.A.) . X(S.A.) ORLENKO (1970)
3 N(S.A.),II(L.A.),V(S.A.) Present author
HFF UL 3 I(S.A.),M(L.A.),N(S.A.) Present author
P.canadensis .
hFEIH 1 SAX et al(1933)
T.canadensis
ha4 i 1 — SAX et al(1933)
T.caroliniana
AT L AIH 3 [1(S.A),V(L.A.),XI(L.A.) Present author
T.mertensiana B
B S5AE R Above 3 LIVINGSTON(1971)
P.Douglasii
2 V(L.A.),VICLL.A.) Present author
Remark ; *k — P.jezoensis Carr. var.hondensis Rehd.

*k— P.excelsa Link. var. europaea typica.
S.A.— Short arm
L.A.— Long arm

Er1E vyBoMo—RPEORE (2)

Table 71 Comparison of secondary constriction in some Pinaceae
species (2)

i % TR DR SRR T A R BAOFRT Bt % #F
No of seco- (fAET B 1)
Name of ndary con- No. of chromosome having a Investigator
species striction secondary constriction
(pairs) (Arm having it)
rovy 4 I(SA), V(SA) ,VI(LA) , M(SA) | KUROKI (1969)
P.Thunbergii 3 M(SA), I(SA), X(SA) MOROMIZATO(1975)
FTHTY 4 I(SA),N(LA) ,WI(SA) . K(SA) | KUROKI (1969)
P.densiflora 3 [(LA),N(LA) ,VII{SA) MOROMIZATO(1975)
743wy 1 MCLAY . N(SA) , M(LA) \MICSA) | KUROKI (1969)
P.densi-Thun-
bergii
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L.A. — long arm

Table 71. (continued)
i #“ TR DY TR T A REh0ES HfO9E &
No. of seco- (HFfET 2 BE)
Name of ndary con- No. of chromosome having a Investigator
species striction secondary constriction |
(pairs) (Arm having it)
WavFadwey M(SA) , ICLA) ,MICSA) , K(SA) ‘KUROKI (1969)
P.luchuensis M(SA) , I(SA) , X(SA) | MOROMI ZATO (1975
BADLTHeY [(SA) ,M(SA) , VI(LA) , X(SA) }KUROKi (1969)
P.Massoniana [
FIARAH A 3T [(LA) ., N(SA),V(LA) ,VI{ SA) KUROKI (1969)
P.pinaster I(SA) .,V (SA) MOROMI ZATO( 1975
NeFy vy I(SA), V(SA) \MOROMI ZATO(1975
P.insularis
W AT 4 DCLA) ,V(SA) ,M(SA) ,VI(LA) |KUROKI (1969)
P.Banksiana
AT 9Ty 4 V(LAD, V(SA) ,WI(SA) ,K(SA) KUROKI (1969)
P.caribaea 3 I(SA)  MICSA) , X(SA) MOROMIZATO (1975
Zhn—Fwy 4 M(SA) , V(SA) ,VI(LA) ,MI(SA) KUROKI (1969)
P.strobus
TFop—Fwy 3 I(SA) ,VI(SA) ,VI(SA) MOROMIZATO(1975
P.echinata
NP =Ty 3 DI(SA),V(SA),X(SA) MOROMI ZATO (1975
P.virginiana
F—Hey 2 V(SA) ,I(SA) MOROMI ZATO (1975
P.traeda
o RFo—% & 2 = MEHRA et al(1956;
A.Pindrow
® g 4 M(SA),M(LA) ,MI(LA) ,K(LA) |KUROKI et al(1971]
A.lTirma
EvI¥ AL 1 MEHRA et al (1956a
C.Deodara
Remarks ; S.A. — short arm

() &+ 2% A*XF} (Araucariaceae ) D §% Al
1. #r»3avxAFXRE (Araucaria)
(1) 752759 HUF ( Aravucaria brasiliana A. Rich.)

1) =EHER
AHEEO g taiiiz, E2 oFCRT EBH T, PREEIZ 20 =26 Th - 12,
o, fHRAREAOHERIZ, $3 0BltRT LB THhH, b @B EIC R E{ L2

BRI o 12, 158, (BRI,

1 R L T2,
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AU EOHNES L CHELO ESEI, B7 2RORT EBDTHh, BRI, 241
~ 4.9 5. BEHIZ 0159~ 0970 0TS -1,
Wmre2E FIuarivh) FOHENERSL R

Table 72 Relative length and arm ratio of the chromosomes
of A. brasiliana

1 PO = i £
Rt kES Relative length Arm ratio
Chromosome ' g+l | AR | VML RbE | 20U
M.V.+ S.D. [C.V.(%) | M.V.£ S.D. | C.V.(%)
I 495+ 022 4.4 4 0958+0020 2.08
I 484+ 015 3.10 0913£0025 2.70
il 448+ 017 3.79 0917+£0034 3.75
v 43471 019 438 076510014 .79
V' 428+ 017 3.97 0970+0019 1.98
Vi 426+ 044 10.33 0818+0028 3.41
W 3991 0.16 401 0159400009 533
VIl 399+ 0.03 0.75 0.899+0025 2.78
X 397+ 0.31 7.81 068810013 .92
X 293+ 024 819 032310012 3.72
X 2891+ 017 588 027940020 7.31
XU 267+ 013 4.87 063110020 310
X 2414+ 009 3.73 076910016 2.08

Remark ;MarkOT shows the chromosome having a satellite
FHATOME, BRI T L85 — MEICEN 2 {, B R OREARICES R 5 hi:
(P73F). T, ANRLBL2ORGBEMICESBD NI (F7 1K),
W73FE TI0MTIIAY TOMELSEOTE

Table 73. Analysis of variance of arm ratio of
A.brasiliana

= B AfE | LAR | TBEG | ARE
S.V. b.F. 5.5 M.S. F
& Total {2‘5 77 54901
Wi thgién %‘hrﬁtm():ﬁimes 14 54621 | 045518 | 989.527%F
Betwie: ;ateiﬁj 5 0.0006 | 000012 0.26
* Errors§ 60 0.0274 000046

Remark § dk—significant at 1% level
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BT4K TI0NT 590 7 OEMESEHGE

Table 74 Analysis of variance of relative length
of A. brasiliana

3 B HEE | LA | s ‘Pf} L
S. V. D.F. 3.5, M.S. .

& th . N
Total 77 535695

e om ko fH o Fok

Vieliis Chrombesmes 12 506083 4217386 9257

2 ?: 65 29612 004556

Errors

Remark ; dk—significant at 1% level

36T, B2 OREEOBELS L HENEICOWT, » 502 ERO S5 .,
INLOFREPE LD T, BROEEEBOBIKELRTE, BTI5HOLBHTH h, 4
RTDOYOESFLBHNT S 12,

B7s5# TIoNTIOH Y T OUMEERES

Table 75 Significance of morphological difference
of the chromosomes of A. brasiliana

Chromosome VI @T Vi

No A X N X K Vv M I I I
I O 0 O 0 O
I o O O O O
I O O O O O
I\ o O O O O
v O o O O O
Vi O o0 O O O
@ o oo oo
VI O O O O ©
X O O O O
X O O O
b o O Remark 5 Mark O means the significant
Xl (@] difference at 5% level
X
P —

F o, BVIRGEEAREARGETSD b, T OERICHREADSTEEL, TOKR S 3364
HBUICHT ALETRT &, 3.01 Th - 15
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Arm Ratio

L lEofEEds s, 7007790 7OBEE, ROXTEbaNS,
K(26)=2A"4+2B"+2C™+2D™+2E™+2F™+2 G +2H"
+2 1o 5 Lo Lo LS

)
\

' 2o
'SsunFsonlTC
- Y T
 Fig.29
‘ Somatic chromoson
“ ' . of A. brasiliana
‘ < 'd
RN - — \‘~ *
L .
|.0'|'
1623 2 &
09 15 T
21 8
% )
08
. 45
7
07} . o
20 # T UNT 59N ) 7 ORI GO e
- 25
06} Fig.30
One example of decision of homol-
st ogous chromosomes in A. brasiliana
Remarlks ;
04 1) Mark % shows the SAT chromosome
’ 2) Pair of homologous chromosomes,
_-18 1—8,2—26,3—10, 4—5,6—12,7—22
03} v 18 9=13, 11—-14,14—23,15—21,
7 16—17,18—19,20—-25
02} 5 i
% Xx

7/ {

20 3.0 4.0 5.0 6.0 7.0
Relative Length
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S, BN, B3 1KIGRT LB T B,

NV V. VI VI VI X X X X XI

B3I TIoa7Ivn ) 7oK

Fig.31 Idiogram of chromosomes of A. brasiliana

) & =&

Fra v AXBORGAT VT, FLORY(8) dicans #2039 2F (A Bidw-
illii Hook.) &L+ 3o 2% (A Cunninghamii Sweet ) i€ T, STIFF
(101) =3 T2 (A, excelsa R. Br.) k2T, 1z, Affilkc20Tid,
FLORY(8) BXTSTIFF(101)4, ThFN2n=26ThHA T & pHWEL TS,
FUBtOFFE R FE( Agathis) icBILTid, HATR et al (14) 95+ FE FF(A.
australis Salisb.)it>WT, FLORY (8)#4 <=y (A. robusta Mast .
K2OWT, n=13FNd 2n=26THAC & BWELTVE, 0L i, R
T AW EE Vs, AR ICB L TR B o 1 s,

FEE, AEOROMEED 2n=26 ThH D C & 2HEBL I, ke A S 3OS
5Es BIDOFRREEITEMRBED L, BXROELERRCNEE>TEY, &
LT EA TV A, BYSADAIEIE, H1ns 8 of, ZAREhs 2 0, RERIEAS 2 0k s 1 %)
Thbh, b ZBITEAT NS, Tz, BEAAOERICEHEASEELTE Y, £
DREE %2, NHEY 2 b L CBR (SRR o sETRT &, 2hahso01,
041 Thbh, HhETAHL b D TARENC EHBRHMNTH 5,

FESH RO RAAEARIE, 2FFSn=11, e/ FFaa=11, vV FHn=12
Thah, 737 2FHOMIEn=13Tdh, vVE - H ¥ 2 IBOFF 52 € i (n=
13) LWMAT, ROEEHE <L o, BiEAONIFICEL T, fioFofic Tt

WWHATE L, SHEHom T W RS GEEEZi005,
_'?q_
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m o ¥ v

WEFES R 2RO LT, 38, 7B, 1 0f, T4bb, £/ *BHAS bAFE 2, A= e/
1B, sL0e 2B1H, vy @3, vAE L E, BN THIIELIE FravR
FEHE+ v a2 XEI1ELOWT, 2hEFnBROmES L RN 221,

ZOREER, b R TRTSTOBOREHEKS 2n=2 2 Td - 1. BHFEOMEIZHETLL R
Db OB KIS 2 . T ORIKIEAIEEL 6~ 1 03 KPS 1~ 50 TH o123, & = eV i3l
EHRIh, KERERO b OB 2HEEL TV, Eio, ARHCET 2O A S LR-O—2 L LT, il
Pefr ik | EIET 5 C BRI NTVA2(37), A= enNBIOx=t b xDflIc T, T
NS OEEL TV, Lly 4 FAFED 2z chdsis (. ZREERTT 2 RS T NT
N 2BEET S Ebibh ot i, FREKOKRE 32, (T 2HICHT 2 HETHRL TAS &,
b/ x@E, 7AFoE, BL A aBEOMIE, B, 040~090f5(37) DRI THAHMN, #=¢t
i3, LB5{EEHh, 3/ FHUUDLIME(37), AXIHUOLIE(37), BLFz oY
YD L60fE(37) EMAT, HEET AL h D h KEVWC EBRFHMNTH A, DL I
Edh, b/ FPoMEEEAMEDp i b EAT VS D EHEE SN, £, ChEDRTE A FAF
HOMEE, OO THRETIFEETHLEVAL I,

= Y FOBOROERIE. AT IED 2n=26 2REWIZIEPE, TNT 2n=24 Th 12,

AR OMOBFEEOAEOEIRE, b Y e ETIRAEL 9 TR 35k v @ T 73 TR
HiRs & CFORSEETAS 5 W ThH - 125, A9 ST 50, KPS 2 N TR 6 1 & b
TTIRE SN TVWAE Y EOPES 10~ 113, KPEB1~28(37,58), € IB/D" isobra-
chial 7%, “heterobrachial ,A35%f(40,52,53,88) tHBLTE, XbhTRETH 5,
TEPELET A REHE, MBIy AT NI, MY T BTk 2 WELL TV,
T URDPILE N TT TREL OWESE SN TVEEOTIR, v VED2~4%1(37,58,89, 90,
95) Wb B, CHETOREEBENICAS L, v VRO 2~ 4 HOZKIFESHEE TIEDEE
AbNb, Tfty 75528 :ORAKRORS (HMHE) 25, B 1 ~FV ROk e SV~ XL HE ko 2
DOTN—TRRKELFIONE b b, £33 v BOBETIE, s W EBRSEL L VWA
B

FrAYAFFHCONTIE, 1R ITC DN THIE R 5T 25 1205, Rl 2n=26. BIEHED fil
FERE AL 8 0, KA ERLS 2 i OREEEAS 230, SRS 1 IR i A TR ), REKOE S
CHRR) 1T > TH [~ BN REA LT X~EXNROED 20D 5V —F s b g, SbHT
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RESHEE (FET B0 3.0115) % 138552 C &05, BEEOHN 2,

RN B/ RREMATEEEIR 2 FETH 205, ¢ OFORICBIL TEA (37, 38, 39) 14,
AL BEIOMEES L5 > T )y AFE ( Cryptomeria ) ®AF (C. japonica D.Don ) fto
W, BRI 20=22 T4 b, BIFREDMEIIPEL 1 0 TIPS 19 TH b, —kmES T
MRS CFELENC L%, #2434 7B ( Metasequoia ) DA% €347 (M. glyptost
oboides Hu et Cheng ) i€\ T, Betafhlid 2n=22, BIHADAEZAPLESS 7 1 CoEEDs 43
ThHh. PSS ORI ECTFEL RN E R, 12, €34 74 25 B ( Sequoiadendror
DEIAT7AAF (S gigantium Lindl.) 1IZ20Tid, RBEEES 2n=22, BB EIZE
D7 THRHERD 4T H b, KB L ORI S EEL SN & 2WEL T WA, Chb O
G0 6 2FHOMORABAIIL 2n=22Td b, BFEOLBIIHES & CXPED & O»E (, K
BRI MRS E FER T, Mo Tibo vy Bl L e 2 S HoIZ, 2 FRORIIc T B
BT H b, BEMMED D DHEATHE O LHETEINS,

RIS, ZMFEIL S VTR, MY EOERBEROT NS O E, 2 OAFEES SN & WDbRT NS
P> T ZHEBAVESEIRBIR2HE L, Eioah e iate U CBENDLOERE 205 ETo, —>o¢
HELSFE LT 2T,

COTERDNT, BA(37) 1, = VED IFEIC>WTEMIZ BT 21 C 12w, 5 o ¢
SEMERAIME & o, B d B C & RIRIBL TV A, Fro—, HRHE(58) b v v ED 10fEIC
DWTEHIE B 236 C 5 - T FEZMOBIE & OB I oW TAR TV A48, BEE L
TENOSEETH b, ChE v BB 2HOBSELIL TV 212 bbb 6 ¥, il
HHONEVERNELET AL TH D ERNTNS,

EEDBHESR B 7 h Sy, 3—ny N hoe, BLEAF LY D by e)E 3H

ot & oficid, »AEEORMEENSH 2 DEEALLND,
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R W

BRSO XS MG, bR 2 A LT, F1n, BREOEMEE & LT HELTIRY D 5,
EF TR & FEER R R s C s 5 & & b i, [ERO 7 v — v L REOREHT. 8L T
NP EEC e EAsc Lits b, BARBREEAC LN TEIL, TRLOHEEMAVT, b/ ¥
g, wvRsLoFrravaFF0 1 0B oWTEROWIE 2E a0, D EORREEIS

1) e/ FFOEA
. 4 bPZXXR
() 79JS+4b2RF
K(22)=2A"42B"42C™4+2% D™+ 2E"+2Ef"+ 2“5 F "+ 2G™+2H™
+215M42 ™
(2 44979147 1A
K(22)=2A"+2B"+ 2B"+2°5C™+2D"+2Df"+ 2 S EM+ 2 F "+ 2G™
+2HM 42157
(3 7VVFAPAXEALZ VT HA T RDMITIE, 6 WOREREASS b, BEIZHELIL TV
Bo MIFEE & APEAYREAEN /S, RIS S Ebie s FROMORE L BL T 5,

2. AzZENRE
1) A=
K(22)=2A"+2B™4+2C" 2D +2E% 4+ 2F"+2G™+2H 21 ™

+2l:J stJrszm

3 /B
(1) ~=¢
K(22)=2A"42B"420"+2 D"+ 2ED 4 2 FP4-2GM+ 2 ™42 [ 5™
+2 54 2K™
(2 e/ *EOBBSH

E/F, VTS, bLoBL IR eOBBRET 28, b %~ e OBEDIE S BLLL
T3,



SASAKI LY. ; Karyotype studies on some conifers,
Bull. Ooita Pref. For. Expt. Stn.., M7.1976

4. b/ FEO%KH
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KARYOTYPE STUDIES ON SOME CONIFERS

By Yoshinori SASAKI

SUMMARY

The karyotype is very important to investigate the process of evo—
lution, the relationship hetween the plants, and also important as
the basic research for the breeding by crossing .

Up to now, the karyotype analysis has not been tried enough, es—
pecially, there are very few reports about the tree species .

The biggest trouble in the karyotype analysis is that chromosmes
are long, and moreover their number is great, so that they are di—
fficult to study in detail . Although there are many reports about
the chromosome numbers, few investigations concerning the detailed
karyotype have been taken (SAX et al, MEHRA et al,” SANTAMOUR,
SAYLOR , MORGENSTERN , SIMAK , SARKAR , TERASMAA , et al).
And that there are very few reports which give statistical support to
the karyotype analysis (KUROKI , MOROMIZATO et al ) .

In this type of investigation, the choice of the cytological tech—
nique is very important , and the success depends on the method - The
problem of this investgation has been studied by many researchers am—
ong whom the study of SAYLOR (1961, 1964 ), KUROKI( 1969 ) and
MOROMI ZATO( 1975 ) et al seems to be especially excellent . Accor—
ding to the results of these investigations, recentiy the study of
the karyotype have developed rapidly and its achievements have become
a centre of attraction .

The author used the KUROKI s method( 1969 ), and obtained sa—
tisfactory results . By using this method, the decision and analys—
is of the karyotype were made on the ten specios of Cupressaceae,
Pinaceae and Araucariaceae -

The abstracts of methods and results are as follows;
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MATERIALS AND METHOD
(1) MATERIALS
Sources of materials are listed up in Table 1 (omitted).
(1) METHOD
1. Preparation
Seeds were germinated at 22 — 24 C. When the roots of seeds
had reached a length of 5 to 7 mm, root tips were pretreated in
a 0. 002M. 8— hydroxiquinoline solution for 24 — 48 hours at 5—
7C. After the pretreatment , the root tips were fixed in ethy—
lalchol—acetic acid for 24 — 48 hours at 5 — 7 CT. After the
hydrolyzation with IN. hydrochloric acid for 4 —9 minuates at
60 C, root tips were stained by FEULGEN' s solution . Slides
were prepared by squash method in 45% — acetic acid .
The time of each treatments by tree species are shown in Table

3 and 4 ( omitted ) .

2 Measurement of chromosomes
The length of the chromosomes was measured from camera lucida
drawings ( X 1,700—3000 ) with dividers . The regions of centro—

meres and secondary constrictions were omitted from measurements .

3. Indication of chromosomes morphology
Length of chromosomes was shown by the relative length that

was percentage of each chromosome length to total chromosome len—
gth of a cell ( HENEEN s method ) . Centromeric position
was shown by the arm ratio that was the ratio of short arm to lo—
ng arm ( HENEEN ' s method ) . Terminal was in the ratio of
0.001 to 0250, subterminal was in the ratio of 0251 to 0500,
submedian was in the ratio of 0501 to 0750, and median was in
the ratio of 0751 to 1000 . Position of secondary constriCtior

was shown by the ratio of length from secondary constriction to ce-
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ntromere to arm length having it . Length of satellite was shown by
the ratio of the satellite length to the arm length having it .
4 Determination of the homolgous chromosomes

The chromosomes in each cell were arranged in the homologus pairs
by inspection of the relative length, arm ratio, secondary const—
riction and satellite .

It was determined that the most nearest chromosoes was homologous
on the point diagram of relative length ( X — axis ) and arm ratio
(Y — axis ) ( HENEEN ' & method ) .

5 karyotype indication

Karyotype of each‘species was indicated by SHINOTOO 's method
(96 ). '

6. Statistical analysis of chromosomes morphology

In order to examine the morphological difference of the chromosomes,
the author has done the analysis of variance and tested of singnifi—
cance of arm ratio within chromosomes and between plates, and also
has done it of relative length within chromosomes .

In comparison of chromosomes morphology between different species,
the author has done the analysis of variance and tested of signifie—
ance of arm ratio and relative length within chromosomes -

7. Classification of tree species

Tree species was classified by UEHARA s method ( 114 ) .

RESULTS AND DISCUSSION
(1] THE KARYOTYPE DECISION AND ANALYSIS IN SOME
CUPRESSACEAE SPECIES

1. Cupressus
(1) C. arizonica Greene

The chromosome numbers is 2n=22 in the root tips . Chromosome

with relative length of 500 to 599 is two pairs ( Chromosome
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I and 01 ), and that of 400 to 499 1is nine pairs ( Chro—
mosome I — XI ) . Ten pairs of the 22 chromosome is median
( Chromosome 1 —I and XI ), and only one pair is submedian

( Chromosome X ) - Two pairs of the 22 chromosomes have a sec—

ondary constriction individually - Chromosome IV and VI have
a secondary constriction in the shorter arm. According to the
results of statistical analysis of chromosomes morphology there

is no significant difference between the chromosome V and VI »
but significant between the rest at 5% — level .

The karyotype of C . arizonica is shown by the following form—
ula 3§

m m m _cs m m m cs_m m m
K(22) =2A+ 2B+ 2C+ 2 D+ 2E,+ 2E.+ 2 F+ 2G + 2H

m

s m
+ 21 + 2]

C. sempervirens L.

The chromosome number is 2n= 22 in the root tips . Chro—
mosomes with relative length of 500 to 599 is two pairs
( Chromosome 1 and I ), and that of 400 to 499 s
nine pairs ( Chromosome I —XI) . Ten pairs of the chromos—
omes is median, and one pair is submedian ( Chromosome XI ) .
Chromosomes [ and VI have a secondary constriction in the sho—
rter arm . According to the results of statistical analysis of
chromosomes morphology , there is no significant difference between
the chromosomes Il and [, and between the chromosomes V and VI,
but significant between the rest at 5%~ level .

The karyotype of C . sempervirens is shown by following formu—

la
m
K(22)= 2a+ 23" +2B: + 2°°C™ 20% + 20% + 2°°E+ 2F" 4+ 26"

m

+ 2H+ 21"
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3)

Karyotype analysis of two Cupressus species

The chromosome numbers of both C . arizonica and (C . semperv—
irens is 2n= 22 . The position of centromeres in the two species
is almost median and only one pair is submedian - Both species

have two pairs of a secondary constriction in the shorter arm of
chromosome [V and VI. According to the results of statistical
analysis on the chromosomes morphlogy, these two species have six
pairs of same type chromosomes - Therefore these two species may
be considered to be closely related .

As these species do not possess a pair of SAT — chromosomes that
is the characteristic of the Cupressaceae species, it seems that
the species of this genus has distant relation to another species of
Cupressaceae -

Libocedrus
L. decurrens Torr .

The chromosome numbers is 2Zn= 22 in the root tips . Chromoso—
mes with relative length of 500 to 599 is one pair ( Chromo—
some 1 ), and that of 400 to 499 1is ten pairs ( Chromosome
om-xi) - Seven pairs is median ( Chromosome 1, I, IV, VI, VI,
Vi, and X ), two pairs is submedian ( Chromosome I and Xl ),
and two pairs is subterminal ( Chromosome V and X ) . Chromos—
ome X has a satellite on the shorter arm. The satellite is
1.85 times as long as the arm to which the satellite is attached -
According to the results of statisttcal analysis of chromosomes

morphology , there is significant difference between the all chro—

mosomes at 5% — level
The karyotype of L . decurrens is shown by the following formu—
la ,

r i 1 t t st s
K(22)= 2a™+ 2B+ 20" 2D+ 2B° '+ 2F 4 264 2H+ 21+ 2 ]+ 2K



e x A TE 5 SHESOBECE T AP, Ko RRABE, #7775, 1976

3.

vy

Chamaecyparis
C. formosensis Matsum.

The chromosome numbers is 2n=22 in the root tips . Chromosomes
with relative length of 6.00 to 699 1is one pair ( Chromosome
1), that of 500 to 599 is two pairs ( Chromosome II and I
), that of 400 to 499 is five pairs ( Chromosome IV — Vi),
and that of 3.00 to 399 is three pairs ( Chromosome K -
X)) - Eight pairs is median ( Chromosome 1 — VI and X ),
and three pairs is submedian ( Chromosome VI — X ) - Chromosome
IV has a satellite on the shorter arm . The satellite 1s 0.43
times as long as the arm to which the satellite is attached -

According to the results of statistical analysis of chromosomes

morphology , there is significant difference between the all ch—

2

romosomes at 5% — level . -

The karyotype of C .formosensis is shown by the following for—

mula 3

t
K(22)= 2A™+ 2B+ 2C+ 2 D+ 2E + 2F + 26 4 25" 21°™

" stm+ ZKm

Karyotype analysis of four Chamaecyparis species.

The chromosome numbers of C . formosensis is similarly 2n=22,
compared with C . obtusa , C. pisifera and C. pisifera var .

squarrosa that was studied by KUROKI ( 1969 ) . The position of
centromeres in the four species is almost median and submedian, and

only one pair of C . obtusa is subterminal . These four species ha—

ve one pair of a satellite on those shorter arm. There is a sate—
llite on the chromosome VI of C. obtusa, the chromosome Vi

of C. pisifera, the chromosome X of C. pisifera var . squ—
arrosa, and the chromosome IV of C. formosensis .

According to the results of statistical analysis on the chromosom—
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es morphology , these four species have three pairs of same type
chromosomes . And that there are seven pairs of the same type chr—
omosome between C . formosensis , and C. obtusa, six pairs
of that between C . {formosensis and C. pisifera, and four pa—
irs of that between C . formosensis and C . pisifera .

Therefore C . fomosensis may be considered to be comparatively cl—

osely related to C. obtusa, compared with the three species .
4 Discussion on the Cupressaceae species.

The chromosome numbers of four Cupressaceae species is 2n=22 .

The centromeric position is almost median and submedian, but in Li—
bocedrus decurrens two pairs of the chromosomes , whose cenfromere
is subterminal , were seen . The characteristic of the species

belonging to Cupressaceae is to have one pair of S A T — chromos—

ome . Moreover, the S A T — chromosome of Libocedrus decurrens
is larger than the arm to which the satellite is attached, and it
is very different, compared with that of other species . Since

there is not a pair of satellite but two pairs of secondary constr—
iction on two Gupressus species, it seems that these species are
very unique in Cupressaceae .

Therefore it may be said that the Cupressaceae species are comp—

aratively progressive in genetic differentiation .

() THE KARYOTYPE DECISION AND.ANALYSIS IN SQME
PINACEAE SPECIES
1. Picea
(1) P. Glehnii Mast.
The chromosome numbers is 2n= 24 in the root tips . Chromosomes
with relative length of 500 to 599 is one pair ( Chromosome
1 ), that of 400 to 4.99 is seven pairs ( Chromosome II —

o). that of 3.00 to 399 1is three pairs ( Chromosome IX —
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X ), and that of 200 to 299 1is one pair ( Chromosome Xl )-
Nine pairs of the chromosomes is median ( Chromosome 1 - VI, X
and XI ), and three pairs of that is submedian ( Chromosome VI,
XI and X[ ). Three pairs of the 24 chromosomes have a secon—
dary constriction - Chromosome I  and VI have a secondary
;:Jonstriction in the longer arm, and chromosome [ has it in the

shorter arm . According to the results of statistical analysis of
chromosomes morphology , there is significant difference between
the all chromosomes at 5% — level .

¢
The kartotype of P .Glehnii is shown by the following formula ;

K(24)= 2™+ 2csB™ 2°°C™% 2D 2B 2FTH 26+ 2esHT o+ 210+ 2]
+ 2K+ 2™

P. excelsa Link

The chromosome numbers is 2n= 24 in the root tips . Chromosomes
with relative length of 400 to 499 is eight pairs ( Chromoso—
me 1 — VI ), that of 300 to 399 is three pairs ( Chromoso—
me K — XI ), and that of 200 to 299 1is one pair ( Chromoso—
me Xl ). Nine pairs of the chromosomes is median ( Chromosome 1
— W and X ), two pairs of that is submedian { Chromosome I and
X ), and one pair of that is subterminal ( Chromosome XI ) .
Three pairs of the 24 chromosomes have a secondary constriction .
Chromosome Il and V have a secondary constriction in the shorter
arm, and the Chromosome [l has it in the longer arm. Accordi—
ng to the results of statistical analysis of chromosomes morpholgy,
there is significant difference between the all chromosomes at 5%
— level .

The karyotype of P . excelsa 1is shown by the following formula ;
K(24)= 2a"%+ 2B+ 2esC™ 20+ 2 E"+ 28 267 21 21" 2)%"

e 2Km+ 2LS t
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@)

=

P. canadensis B S P

The chromosome numbers is 2n=24 in the root tips » Chr omo—
somes with relative length of 500 to 599 is one pair
( Chromosome 1 ), that of 400 to 4.99 is six pairs ( Chrom—
osome Il —Vl ), that of 300 to 399 is four pairs ( Chromosome
Ml — X ), and that of 200 to 299 is only one pair ( Chron—
osome Xl ) . Nine pairs of the 24 chromosomes ’is median ( Chr—
omosome 1 — Wl and XI ), and three pairs of that is submedian

{ Chromosome IX, X and Xl ). Three pairs of the 24 chromosom—
es have a secondary constriction individually . Chromosome II and
NV have a seconday constriction in the shorter arm, and Chromoso—
me [l has it in the longer arm - According to the results of statist—
ical analysis of chromosomes morphology , there is significant dif—
ference between the all chromosomes at 5% — level

The karyotype of P . canadensis is shown by the following formula}
K(24)= 2A"+ 2°°B™+ 2¢sC+ 2°°D'+ 2B+ 2F + 26 + 2H'+ 217+ 23"

+ K+ 2L

Karyotype analysis of three Picea species

The chromosome numbers of P . Glehnii, P . excelsa and P .
canadensis are 2n= 24 . The position of centromeres in the three
species is almost median and submedian, and only one pair of P .
excelsa is subterminal . These three species have individually thr—
ee pairs of secondary constriction . P . Glehnii has those on the
shorter arm of the Chromosome [I and the longer arm of the Chro—
mosome Il and VI , P . excelsa has those on the longer arm of the
Chromosome [l and the shorter arm of the Chromosome II and V,
and P . canadensis has those on the longer arm of the Chromosome
M and the shorter arm of the Chromosome II and [IV. Therefore

it seems that these three species have a tendency to possess a seco—
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ndary constriction on the Chromosome II and .

According to the results of statistical analysis of the chromosomes
morphology these three species have only one pair of the same
type chromosome . And that there are four pairs of the same type
chromosome between P . Glehnii and P . excelsa, five pairs of
that between P . Glehnii and P . canadensis, and two pairs of
that between P . excelsa and P. canadensis, So that the spec—
ies of this genus may be comparatively progressive in genetic specia—
lization -

2. Tsuga

(1) T. Mertensiana Sarg,

The chromosome numbers is 2n=24 in the root tips . Chromosomes

with relative length of 400 to 499 is seven pairs ( Chromoso—

me 1 — VI), and that of 300 to 399 is five pairs ( Chr—
omosome VI — XI) . Seven pairs of the 24 chromosomes are medi—
an ( Chromosome 1 — WI), four pairs of that are submedian

( Chromosome YI — X ), and only one pair is subterminal ( Chr—
omosome XlI ). Three pairs of the 24 chromosomes have a seconda—
ry constriction individually « Chromosome 1 has a secondary con—
striction in the shorter arm, and Chromosome V and XlI have it

in the longer arm . According to the results of statistical analys—
is of chromosomes morphology, there 1s significant difference be—
tween the all chromosomes at 5% — level .

The karyotype of T . Mertensiana is shown by the following fo—

rmula

K(24)= 2°°A"F 2B+ 20+ 2D 2,E + 2F + 26+ 20 % 21°"% 25°™
+ 2k°™ 2¢50°"
3. Pseudotsuga

(1) P.Douglasii Carr,

The chromosome numbers is 2n= 26 in the root tips - Chromosomes

—100—
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with relative length of 500 to 599 is three pairs ( Chromosome
1 — ), that of 400 to 499 is two pairs ( Chromosome [l
and IV ), that of 300 to 399 is six pairs ( Chromosome VI —
A, and that of 200 to 299 is two pairs ( Chromosome Xl
and Xl ). Five pairs of the 26 chromosomes are median ( Ch—
romosome | — V ), two pairs of that are submedian ( Chromos—
ome VI and XM ), and six pairs of that are subterminal ( Ch—

romosome VI and VI — XI ) . Two pairs of the 26 chromosomes

have a secondary constriction . Chromosome IV and VI have a secon—

dary constriction in the longer arm . According to the results of
statistical analysis of chromosomes morphology, there is signifi—
cant difference between the all chromosomes at 5 % — level .

The karyotype of P . Douglasii is shown by the following form—
ula 3
m m m m m st sm " st st st
K(26)= 2A + 2B + 2C + 2¢sD + 2E + 2F + 2csG + 2H + 21 + 2]
st st sm
+ 2K + 2L + 2M

4. Discussion on the Pinaceae species

The chromosome numders of Picea and Tsuga are 2n= 24, but
those of Pseudotsuga are 2n= 26 . The centromeric position of
Picea and Tsuga are almost median and submedian, but in Pseudot—

suga there are six pairs of subterminal centromere . Although Pi—
cea and Tsuga have three pairs of secondary constriction, Pseu—
dotsuga has two pairs of that. Therefore considering the chromosome
numbers , centromeric positon and secondary constriction, the

Pseudotsuga specics is very unique in Pinaceae -

(m) THE KARYOTYPE DECISION IN AN ARAUCARIACEAE
SPECIES

1. Araucaria

()" A. brasiliana A. Rich.

—101—
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The chromosome numders is 2n=26 in the root tips- Chromosomes
with relative length of 400 to 499 is six pairs ( Chromosome
I — VI), that of 300 to 3 99 is three pairs ( Chromosome
Vi — K )., and that of 200 to 299 is four pairs ( Chromosome
X — X ). Eight pairs of the 26 chromosomes are median
( Chromosome | — VI, VI and Xl ), two pairs of that are

submedian ( Chromosome I and Xl )., two pairs of that are subt—

erminal ( Chromosome X and X ), and only one pair is termi—
nal ( Chromosome VI ) . Chromosome Wl has a satellite on the
shorter arm. The satellite is 301 times as long as the arm

to which the satellite is attached - According to the results of

staistical analysis of chromosomes morphology, there is significant
differencs between the all chromosomes at 5% — level .
The karyotype of A . brasiliana is shown by the following for—
mula 3§
m m _m m m m t ot 111 sm st
K(26)=2A+ 2B+ 2C+ 2D+ 2E+ 2F +2 G + 2H+ 21 + 2]

st sm mn
+ 2K + 2L + 2M
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T.Mertensiana D515 Rz 3 BERfE FoIARLOETFL
Sarg. AOERERS Rl S
L5 AT H;60~90 fetid ; PRI A EERY R H#4
P.Douglasii Carr. | D:15~36 i = R B % v a
TIUNTIUOANT H;30~60 Bz 3 EEpE 75 VD At
A.brasiliana A. Dy = g T F

Rich.

—103—








