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F A s FYEARoFE LA S 2L 3
wrH T 5B 4EEERD AR

R R o
BURREBEH, W

F 4 4 F (Hordeum vulgare L.) 0 %ufafk 2un=14) % Fr¥ C-HREc X b M Uizo
FTARCOPEAEBBREFC TN AV F (BRA~T r 2 e<5v) 2R Tvico RERC
FiCo i (RIS 1E) O E LTAY FORBEI T Qs 2 Bt 5 o L 3k
oo ¥z, HREAORF OB L v ML E ST T HOoRtuh L BT o L8
Hiktco 2 b oBEEFIA L, G2 R BT 5 R EhOfTERC o\ T R1T 7t » o
DRI B &, TRCORPEEPEFEERGT THRER S VFROBEY LY, BFEAY
1 oD, Moty O LICRBCTHILLTL 50 & ORI FIEOMas 2 &
FARORBLMHOMZE EHSPTRBERHRLEBRTAB LY, 7r ey s~ (B
HED~Fr 7 re=FVRHIGTS EE L DR TV 3) OEIKAK ST S REL hRB S
oo TD XD EBAC B TRAKEEDTHOT bR TW5 ki, 7 dtoHRREASEEL
TEHBINRTNS Z EBRHBROBEC X VbR oo & OEEREITF N OB
FCE D, BIHC RS COIEIRACE WIS CEE LTWA B BEI NI S HIcIEHERY:
BEDOMTL Y FORKET LD 2 00FEHBHRL Tl ZhbOBRE X h Beafkii o2 E
HEBL TS v X ACHE $hboTWB DTS, HIRFLHELEALTHL TS & H
Ihdo

s

it

Yoo R e FIB U B A0 RBICILF LWL DRSS, A AFITEWTH Linoe-
Lausen (1975), Nopa (1976) 12 % » T C-2%uE 0 MEIRL SR TR, B W EZTCk R
TR » e Pea ik D S I G X R LD WFFE D BT\ b (Vosa 1976, Linpe-Lausen
1978, Linoe-Lausen ef al. 1980), F 7z, DD R & — v ER@EIKDOITLEED B 7 FEO Rkt Ok
BIPTTRE = &2 IR L, SRERSEAOICRD b il SRR A FUE S e R e — S
LB E TS (Noba & Kasaa 1980), _

7T ROREAENE TR TE L EEFIBTE AR L0 MR TO REEbo T8
COWTIBREED Z EVHEIXTTHD, TCR, FYESHEHAIND LRETL D 4 aF 12
BTS20 AR T LM ECh 5 Z EnmbiT\5 (Fepak & Hercason
1970), FBROMEIIHEWCIBELTH, 72 <2 &2 vER, iz aF (Krran: 1963), Sv =
A% (Ferpman ef al. 1966), = v 37 (Dusuc & McGinnis 1970), 5 4 &% (Yosuwa ef al
1974) REEBNTRENT WD, ThbLOHEL, PEAHOIT T 2 xxxvELR (0=3)
&, &R EEO RO I AR OHRFEENE O L TR LRIERTH D, TXTo
LR DOWTEEINTCE D TRV, KB CUIOYEO R X b &3 ak 05 s
RIS & L AWT, SHIRACET 2 RAKORFL S o tlEE, ThI VH#EEIRLM

1982 45 1 F 26 H28H
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FafAii e B L e REAE DTN OV THRET %,

MHE & LU FHZE

MBS LT 2% (Hordeum vulgare L) BIEHR 1 5 OEMGAZHEMMATE A\ oo 4 &%
ETh v — VADEB LA EICE X, 25°C T 48 BERFEI ¥, BTHEAYEHR I D 5~
10mm ORICYH|MD, 72— (EER G:1v/v) WTEEL, WRERC—BRE\T, &
oM laE £ T 5 HAIIEEIIC £ S 8-hydroxyquinoline 0.002 M BKICER T (4
FEPY) T2 ReHEIRE L7z,

DHATIEA & LT Livoe-Lasuen (1975) O ¥ A+ « C-HYQEIGE - 7o, 722 L, 2XSSC @ pH
7.0 CERRE LI W R RSB b,

ERELOBEAMOE A RAET 20D, BAIEB-FIBEEERE (D525 F) KK
BEL 7rYa22-%RAVTRICEL & olc, FHGHTHESHRS L5, £FiifcR
ROFERER 1.0 & UCHR R R D1,

w R

D FLaHF-CnRrPRBLCLIDERKEDOHT

DYt [T - Te—RERY T gAY Fig. 1 iR LT, < D hilfiftfksd B Lok Rey
Fig.2 WR7 X 5 7 idiogram 287, e fhkDFE S 13 Nopa & Kasua (1980) DBRIZHE -
TR UTco C-HHBEIC X D REINDRRA~T v 7 v < F VITZ LR DB ERICE W EE I 4 £
BEL T, Rt i ns Ny FaiEo3 0 (Nos. 3,4,7) LS RBIND AV
FEFOSD (Nos. 1,2,5,6) 235 - oo MIECRmOEVVCI DB LY, Lishob 35
REET- v Fik idiogram O S T/R LIc, EDORiGE & - THEVA v FeFEogufufk
WHNCCEGICHEIN S ND o R\~ Y FERFEEORAKTE No. 6 [LkB%E > &, No.5 ik
SRR BB O e R 70 & &0 BERFIDFIRETH Do No.1 & No.2 DRFNEA 7 D
LA, Nool pRiicBBEhr o2 &, No.2 ik No.l X v HbLMAEL, BFEAIL bR
Winl, ZOREAD A v FESC R TR D0 Ol v FefoZ L X h RENXARETH
e TDXHIT, AAAFOREGIITEEEL C- v FORKE L 2T LT 7 >0 AT
XA T&E5,

2) FHBEEBROCLEEBEEED ST

TTIHEEINTS L 51 (Fepak & Herca-
son 1970), Ajifg 1< s T MHAEHEAA ST LI

2 3 4 5 6 7

1
0 O ] S

o <

A
|

. Fig.2. Idiogram of the chromosomes of barley
Fig.1l. A typical cell with 14 well-spread showing relative length and position of

Giemsa C-banded chromosomes C-bands (solid regions). Arrow head
(X 1600) indicate the position of centromeres.
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BEEIR TS E S0 &S L, Fig. 3 RHAEMAENES
F D, 7TROMEREAEEL T &S 5 EoPHgIT oW
T, BROEBOWEMONTHER LIS DTHD, Fefiflke
ORI RNT, £ 4 OBERGEEFIEVCEERCRE-> o
L TNDZ ENDD, HFBT BT 5 HERAGEAAR DR
B FEI5E & IEFER R AR OO FEER L et h
DiEREIES Table 1 iR Lz, RA—MBENOMERG A
[ 0 SEIFREEE & FEAERI R AR O SF IR & DA KD, 5
DOOMAE AV TCEDFRERICLOWT t REX TR -To. L
DHER t=3.32, HMEE 4, 0.05> P>0.01 THb, HHHE
et R E TN LB B 5 SRR T E S,

XL, PHBEOTNTIEBWTEW Y PR ROk
(Nos.3,4,7) ¥\~ v Fafogmik (Nos. 1,2,5,6) &
A AR - TWwhH XS RE s 12, BRORE
RIMSELW 2 DOFETAAN T WA Z ki, Ebbhof
EARBEPMBDOY B RTRCE - CTAB Z LRIV EN5B T
EN Do T, WIS A IR E B HD

Frequency

Distance between chromosomes

Fig.3. Distrubution of distances
between chromosomes
[] all chromosomes

B homologous chromosomes

e RN PG O FECBET 5 X 5 Table 1. Comparison of mean distances between
- - - 9 e homologous and nonhomologous chro-
i h sk Foo ST EUTY : & g

s Rk N LA mosomes within the same cells
DEFMC L > Ch 2 BERI T & %, e
Table 2 123\ v F iRk BN Cell Homologues Non-homologues Difference
ﬁé{,\/i 4 }\%}{f“)ﬁ;&@ﬁiﬁ]ﬂ%i@(}%bv\ 1 0.283+0. 049 0.521+0. 022 —0. 245

. 5 - . . N 2 0. 440 £0. 100 0.532+0.025 —0.092
VAN 2 - 2ot AP N7 = @R A

# %@%#‘EO‘ ?ﬁ“ 0 3 0.437+0.100  0.506+0.023 —0.069

RTINS 1T 5 Yt fR O SE B HE & 2 4 0.379+0.088  0.502+0.025 —0.123
BHGR S LR LD TH D, AilE1 5  0.524+0.075  0.571+0.026

& 211 E B B OYERTED B D G R
CXoT203NTEY, 203D

ISR X O & S AORED T HITEANTRE W,

—0. 047

Mean distance +standard error

N RN - NI % < b TR i 37N

SO LTE D, TOFEEHLTARE > Twb, M3 h bR % L

T, PHEECOBCAEEII S, WTRIR LTS,

W3 F b DR RTER, RS Y

F% & DYLf BP0 Y R O SEISIEHER X OO M a0 I X S ZEEE, Bl OFFICET
2 Yo R O TR X OO BROMIES EOZEBH X Dk E v SO X 5 AT SAREE B

Table 2.

and thin-banded chromosomes

Mean distance and variance within or between thick-

Cell Within thick-banded Within thin-banded Between thick-and thin-
banded chromosomes

chromosomes

chromosomes

Distance Variance

Distance Variance

Distance Variance

1 0. 580 0.078 0. 416 0. 035 0. 540 0- 031
2 0. 466 0.041 0. 555 0. 080 0. 526 0. 043
3 0. 551 0.045 0. 483 0. 046 0. 495 0. 045
4 0. 506 0.041 0. 491 0. 052 0. 489 0- 041
5 0. 603 0. 056 0. 538 0. 064 0.574 0. 056
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DH DO ETIIETFIEEHESC OO L EEOBIRE IS & RS0, PR AL
DEBIEFHLEDREOMEI DD Z L e fimT 52 LILTEIR . LMDV DO H EA
HIWT4 % & ik, PEEEE W 5 —RITCHIFE D N 2 CHIAIAL BB R s S M B EA A L T v
%o

iz, BEM - b 85 o dic 8-hydroxyquinoline JLHEA {775 » 7 bic, #VJ3T
2 B USRI B A S E C SR L 7c 2 &N E D X 5 a5 2 Te e D\WTH 5 &
LR TE, e fEN A Y FPOPERDOE T L Y 2 D0FEBR L T b L\ 5REBE, X b
BRI 5 70y, B, BHiGR X OREGYBETAINERD S,

3 B, s LUOCKBBOES

T SOBEIICR TR 7 XEORa kAT 5 & CERAERIC e 5 2, BRI ~T r 2
B FVORREIHEETH D, REEOBMRE MBI ITETTH D BE LIS S DRI,
BHiE X OGO dT, REagN 2 BEonlb DR E S5 T, Ml L o8I hicFRD
ENC LD 1 oOREMEEEIMEOREIT 2 4
I, 2 OOPEAEREN ETRER
DTt L Abhic, 2hbofiig
RO R R T & O LMFRTIE, B
U780, B3 X ORI o kil o0 Bt
DR DH B EHR LTIz, T bo
D, TEDBBORET 00 oG4 %
UHEE (Fig. 4) Rl

Fig. 4 A @R FAm v e~ v
FDPIRIC X h Befafkn 2 DD r T
WA ERTEHEL TS, IBICEW-IY
FEERUE & oAER R4k (No. 4) 2R
LTWBHT &%,

B (Fig. 4B,0) @R\ T A
VN EEROREME LIRSV PR OYE
DR & DFEETIR L T b T E00 5,
b, ZoRHCWCHRIRERLE e e
BT TEE LD Cnb, Fig. 4B 1 Flg 4 " Pr.o‘phase (Aj, ahaphase (B, C) and telo-
TSI RS S TH I e o e e o
o PSSV VERFFOLOD 3R L, RS
VFERFEOL D 40 A DRI LT 5,, Fig. 4C ofiiEElc X iug, il ik
AT, FBESRIEI TR TN DBANTCOMERRA LT & L S HRNFRO E 2 CBE L TY LT
EDGYD

TRz e et fia gl (Fig. 4D) @y FREBET X5 L TR X oL T <,
OB PN v FEREORMA L RS FE RO RN T HEEL TWAH  EDD
5,

H BMEBERNCETIZREHOREE

Fevmah o & D KRR U TR EMEN T < T o 7otk BRI - TR GEEEOEIIE IR, Bo—
NEI BB IND, TRT @Fﬂiﬁ&“@ 7w+ & — (chromocenter) 122 Y I N AL

NII-Electronic Library Service



286 i JG

Fig.5. Interphase nuclei with chromocenters gathered
to one side of their surface

ZEL T\ (Fig.5A,B), B LI HEDRE L E7c ), Fig. 5A O X 5 R WBIICHEEST %
# L Fig.5B 0 X 5 R SIETHEEND - 1o BEOBEAW L LI RISk » TEET %
T EREN T, Fhe, ZRERVEIBOEBECHEELTCWE I Eb -7,

TS 23 30T & e P RSB R AR DI i b 7o & ¥ oo X D IkEL, BhRMT
FENESCEE LT e~TrsexF v rsnttey 2 —F LTHED 1 9OBICE L E £ T
B EWVS T L, PN COMERY KIBICH L TS EXRBT 5, Fi, ZrERVE
—DPBDORECIHET 5 & L REAN OO TRIFEICHE LTS 2 LR L, FNIT
B HrEeEofRrwbo L Bbhbhs, XL, BGCEWTR e X 5 IR EAED
R CIEMHRR BT DBEDOTER D D D E 5 kb & BRI, il b r7rerv X
=D LTREC oo THEL TV S LW S FRIUEE bt o ic, o, BIIBRICHELET S 7 =
T VX DRI EEABEL SV FEELI DT LE =B L olc, 2R ERVE —EbA~T
rrzr<Fy (KNYF) OROBMRICOWTIIERINCEEL &,

) hHRICETZ2EEH0TH

P EoBZfEREC A A4 & F OB S ZHEMMANC ST 2 Bk TEIRZ RO L 510 E L
LT ENHED,

AR RN B R A O o ©VEIC I e £ EA 1 Do mid CEIFRE X BE L,
flro B W Tl AR LR THE L T %, 20 b &, FHREARGEITZE W EB I
L, SORLHROMKT2 ODFLTHR LT 5%, PHIPES EREMATERL, BREALRH—
SEEICE X DR T 70 WA SO BICBEI S w5 Lo L HELL, FHEOWMAICEAED LD
EHINLFE LD, FW TREMAI LRI D BFAOBENLN TV A FEHECE D, ok
S BT R R A E F DR LTS X5 IR 2%, £ LT, S OEE b ikt
B ROBRED G 4 DA~ 5 X5 L THIR, BII~NEHATPL,, O, MY
A B AR BT B\ THEDE A D TR D, JHAREERT L HAPRE R ¥
FOREBTHEBANEFNFT 5 RERTCORBEREL I\ 2 BEE A 2, o EimEl
X 0B L, B E S, BIIERC S WL ROEIIET L, Z7rEey X —0
R TR AT 5 LICIREE T, 12ISKRIIORE Y fF LT 5. 2 U THORC 5 &, Ytk
BHFEERoToEF BT &b,

Z =K

Yol (koD 5 Yt (Giemsa C-banding) % FA\5 & LI X b, 7 &% HEMAZEMKAIAC
B HGBAEOUREH 5 TEE W LTI % 2 LMK,
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HIZ NI R\ C YR BRAEE D% 1 DOMICE &, Eimiloa oz [ < HAIEL
SEEBEINT WA LS T b%, Levan (1946) 2% Alium BEMEIE L, FO~Fr 7 <5 vE
BETAZ LRIV LNE LD, £, 44 &% (Hordeum vulgare) 7o\ T, Kumar &
Nartarajan (1966) 2VEEHHRIC X - TR I REBHREE OfLciES %, Yamamoro (1969) 1%
7 g AN R Uk BN ORI e BikEE TS0 DNA SR & 2 3 [
DW|ERTIoTD o KRERLCADLOMELTHFL T D,

MR EED SRS HPINCE W TERE L BBEY SR> T b &) HiEL S\, o FHK
iz RT3 Kirant (1963) #° Aegilops squarrosa @ WRHMIE T, Feipoman ef al. (1966) »%
Triticum aestivum, Dusuc & McGinnts (1970) 7% Avena sativa, Fepax & Hercason (1970) 73
Hordeum vulgare, Yosumwa et al. (1974) »5 Secale cereale DIBMAIIECHEL T\ b, 2 HOD
METIB LTS 2 2%, MIENOSEREAY RBCERET S LIC X ) BiERcid, Tk
FICE A DO Hk 2 DB OREMECIER L THRIERERTH D Z L TH B, ATV THE Lz &
51, EREMEYELTEEEY AV, EREA F— RSN CEIZE UICER D Mm%
EAPEELCREEIR TS LS 2 LT E L T35, Linoe-Lausen (1975) % XU Nopa &
Kasua (1980) DO#BEAITEAADEEIC DOV TN d DTl hy, C-o¥ X ik fiE
FWBERTREL L, RLTI VA AEEIN TG EWS 2 ERFRTNWS,, d 4 & F DY
BRI ARSI R\ THRS S DPGEE L TWA EfEHLTIWTh A 5,

R EEISTE LTV 5 & 534513, Krrant (1963) %X, et R E R o 15 5t 2 e
THEVIHEERRAL TS, bbb, HR 0.5 0MHIE T v & 2ot 2 8 S o Bk
DRI T30 & RECIE U P BRRE D 076 & 23 —50F 50 & 5 > THET 5 (Feroman
et al. 1966), FEIREMAIGEE L T 5 &\ 5 FERlL, RO 2B OB RmN O X v /b X
WHE > TED, TV ELLBINICEZELZ NI\ EWS T ENLBEINILDTH D, +
NERET, YR oMOELELYREE ST 5 X5, JFHERREAREOEEED A EH
Mg —37 5 & R LTEL, JEMERYROMETS v 2 2 hiig N Tn b L EHRT 5,
CORERIAR T OIFHALAEL LR L THREIR T2 WO MR L ELTAVE - T
%o

OB A BD D ORI X o Th e b E3ND A& AR & PR LB o i3
L EDRROEHLBELILLDTHA S L5 2 LRFEROFTTTRENTE T, bt
IGLEAR D SRR TSI D DRI D EF o To D 2 — v a BA DITIEREL 5 — R ITTHY e
TRERTWTE > T2 D Tike <, REMEEIOMBEBMRD X 570 X D EMIEEELFBAALTHS
ZEIIEEIETH A, EBIE, FEN N OO SN Tl LT, AWCHMORCE
THREMEE ROEEEYHIE Lo CRBEXZTER L CT0S WO FHREESRIC W, k2, B
UHICBT 2Ry BOEHAZRIE L& LT, BIEOBRMCHOBE L & LIS lEX
Wz bbbk, BIOCHRARGMAR L DIZ RS WL BYREBOTHAS Z &x ZETh
W, SRR L VBB E . T 0o e T IICER R A IEE kR E L Lic il
BN THA D, TOREEMS cDIC, FGELBIGOBENNETH - 1, _

Krrant (1963) 13 Crepis & F\s, Fefafh Lk dnc 813 % MR EA O TR BIC D\ THE L
T\W5, Lo, Crepis 133 WORE4ELEFE ST TH Y, JFHEALAHEOB COBRFE X BLIC
BAEETH D IFRRARPEMREORFE D Z2HES—B b D TH D0 E 5003, Yetothin s
TEL Ll Ed7e T E D Uik Wb THED TP kil bio,

B, HRAPREEIBIZERCE CTEELTE D, TORBEND AT KT 2 5 H#RE & /s
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S>TERTL % EEL bR T W5 (Feroman 1966), X B, BIPIC ST 2 EEE T O R
R EETFOWThAFERINE NI E) CRILAHED & &0 HRARGADTETEEL TS
LS AE X DRSS BT\ % (Sears 1976), LA L, REEAERIXZ h b0 2 J5ICEERH
HEL TS, EIBAO 2 vex v 2 —DRMmE, TXNTOROBEIPEFEEDMOZD 120D
BB TR D, BIRCAE LORBTHZEKIICoOREBESL KIECH L Tuitb &5 & L& Rk
LCizwa%, BEEmL Tk L Tuwd L bW oGRS bhich - e, X BI, HREZAED
SEEEARHR X 0 BEIC R TR, ~Tr 7 e VYOS TEEL TWHBIHELR, kD
Bl Kirant (1963) $¥ELTW5, 2B ORI, HREEAMRD ITETEIHEN O X4 DR
BERLTWSD TRk, 3 ZREHELH ORT I bW HS S 5 D Tl
W ENDS Z ERRIBELTCWS, T, MEASET S C S HRAREAROTEREEBEY FT X
51f8) < (Feioman 1966) D Tit/sl, BRFEEE T X 5@\ -Tw5b &EF 2 eld il big
Lo

F7:, ZOBBRAARRGAEOTEREBICE EE 50Tk, FEHRREMEOIC S TOER
LLTHEELTCND S ENHbME ot SO &1, KRS ZINC ST 5 R Rk o T
B A BTEABO I dOMERE LTHE LD & EREMART 1T 5, ShboREIIBTAZITA
HEMOREEOTEIR O Lic BT Sk ilis bic,

5l B 3 @k
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Summary

By using the Giemsa C-banding technique, chromosomes in the root meristematic cells
of barley (Hordeum vulgare L., cultivar Ehimehadaka No.1, 2n=14) were stained. The
C-bands, which reveal the presence of constitutive heterochromatins, mostly localized on
the proximal regions of the chromosomes. By the differences in morphology and C-
banding pattern among chromosomes, all seven pairs of homologous chromosomes in the
same cell could be identified. Furthermore, the chromosomes were divided into two
groups. Three pairs (chromosomes 3, 4 and 7) had thick bands and the other four pairs
(chromosomes 1,2,5 and 6) had thin bands. By using these characteristics of the
chromosomes, the behavior of chromosomes during mitotic cycle was investigated.

In the early prophase, all chromosomes had ‘V’ shape and their vertices, 7. e.
centromeres, were gathered to one pole of nucleus and arms were streched towards the
opposite pole. This observation suggests that the chromosomes do not move randomly in
the interphase nucleus after the telophase of preceding mitotic division. This interpreta-
tion is supported by the finding that the chromocenters, which are corresponded to
C-bands on chromosomes, were distributed on one side of the surface of interphase
nucleus.

Distances between the centromeres of chromosomes in a metaphase cell with well-spread
and identifiable seven pairs of homologous chromosomes were measured after the cell was
photographed. To minimize differences due to degree of squashing of cell, each distance
was divided by the distance between chromosomes farthest apart in the cell concerned.
The statistical analysis of differences between the mean distance of homologous: chromo-
somes and that of nohomologous chromosomes in the same cells revealed that the former
was significantly shorter than the latter. It is concluded that the homologous chromo-
somes are arranged side by side in the nucleus. This conclusion is also supported by
the observations of prophase and anaphase cells in which homologous chromosomes were
found to be located near to each other. Besides the ordered arrangement in the homo-
logous chromosomes, nonhomologous chromosomes were found in two clusters : one was
comprised by the thick banded chromosomes and the other by the thin banded chromo-
somes. The obtained results suggest that the chromosomes do not move randomly
throughout the mitotic cycle.

There is a view that an orderly arrangement of chromosomes results from the somatic
association of homologous chromosomes in the interphase nucleus and that this interphase
association may function as a prerequisit to meiosis in germ cells. In the present
experiments, it is found that the chromocenters were gathered to one side of nucleus,
although the evidence that they were in pairs has not obtained. Furthermore, the
present results suggest that the orderly arrangement is not restricted within the homo-
logous chromosomes as mentioned above. The necessity of re-examining the view was

discussed.

K. Yamamoro

Faculty of Agricultuve, Tokyo University, Tokyo 113,
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