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Fig.1-1. Scanning region and process in the autoscanning. (a)Chromosome slide
(b)Scanning regions (c)Scanning route of subfields in a scanning region (d)
Metaphase plates and nuclei in a subfield.
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Fig.1-2. Process of the automatic detection of metaphase plates by the CHIAS.
A detailed explanation of each step is given in the text.

Fig.1-3. Schematic representation of the process for determining metaphase
plate by the CHIAS. Explanations are given in the text.
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LTHBEREZTO, nOfff (n DKM JE B REO HBRINGRERE Ui,
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bOTH DB, FLYRMLULT VAT = PRGBSI, PIIRE R & 3 BT
JT5M (SHDT LT — PEF) D55, M1 (n=5) Tk MWDK (53.1%)
FEHORINT 2 IENTEAL, LTV - Pl BLUL2TRIDENDL ETTR
TORIFEHEERIT 2 I ENTE L, BIFEEROBRINEE n OflidkE{ B Bi1IED
NTHLL, &G (n=10) TRHEMDT VLT - bOFHYTM. 1% &M - Fo —TTHE
RODT VG — PEFOESICE, MHEROEREOI Y FI X FREDD TIEL .
BAF SRR O AR INRBIET L, COBAREN2 (n=T7) TRLBVERNES
N, SHOTLRT — YT BRI A BRI T 5 ENTER,

Table 1-1. Efficiency of metaphase detection by autoscanning

No.of good Ro. of good metaphases detected No.of gocd Good metaphses detected
metaphases by autoscanning metaphases by autoscanning

in a - in an T

stained Cond.1*Cond.2 Cond.3 Cond.4 Cond.5 Cond.6 unstained Cond.1 Cond.2 Cond.3

Slide slide {(n=5}) (n=6G) (n=7) (n=B) (n=9) (n~10) slide (n=8) (n=7) (n=10)

1 68 68 62 G4 63 62 42 41 29 36 29
2 67 67 . 67 67 67 67 61 13 11 10 6
3 83 76 63 63 67 66 60 16 14 16 6
4 83 77 76 79 T4 68 59 15 — 14 9
] 74 61 58 GO 49 87 .58 19 — 16 9
Total 375 348 331 333 320 320 280 104 54 92 59

(l-OU.O)x (93.1) (88.3) (B8.8) (85.3) (85.3) (74.7) (100.0) (77.1) (88.3) (66.7)

* Condition (Cond.)l to condition 6 were applied to the Giemsa-stained slides.
T Conditions 1 to 3 were applied to unstained slides under phase-contrast micrascopy.
¥ Values in parentheses are percentages.
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Table 1-2. Classification of the metaphase plates detected by autoscanning

Condition! Condition®
1 2 3 4 5 6 1 2 3
Class* {(n=5) (n=B6) (n=7) (n=B) {(n=3) (n=10) (n=5) (n=7) (n=10)
Good metaphaSéS 12.1 14.6 17.3 18.1 19.3 19.9 3.8 6.4 7.2
Metaphases with
14 chromosomes 34.9 38.0 41.0 39.1 39.0 410.8 21.9 24 .5 24.6
Other metaphases 16.0 14.6 12.3 iz2.9 12.1 10.3 22.9 22.5 21.7

Prophases

and :anaphases 16.0 14.2 4.0 1.1 13.7 12.3 6.3 3.6 3.2
Others 21.1 18.6 15.3 15.9 15.8 16.7 456.1 43.0 43.3
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

(2887) (2274) (1930) (1765) (1561) (1408) (1404) (1446) (823)

Note: Data are given in percentages and the numbers in the parentheses are the total number
of the objects automatically picked- up.

* Metaphase plates were separately counted as good metaphases, metaphases with 14 chromo-
‘somes having overlapping or attached sites, and metaphases with less than 14 chromosomes.
Others include nuclei, cytoplasmic debris, etc.

t Giemsa-stained slides. Data are given on the averages of five glass-slide samples.

t Unstained slides. Data are given on the averages of three glass-slide samples for n=5 and
on- those of five glass-slide samples for n=7 and n=10.
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Fig.1-4. Sequential representation of major image analysis steps for the
phase-contrast image of a haploid barley chromosome spread. Bar=10 pm.
A detailed explanation of each step is given in the text.
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Fig.1-5. N-banded mataphase plate of haploid barley. Banded chromosomes of
this quality were used to quantify the banding pattern. Bar=10 pum.
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Table 1-3. Mean relative values* of length, area, density volume and their mean
arm ratios of the respective chromdsomes’ ‘

a. Length
Chromosome Long arm Short arm Total AEmM ratiosT No. of
chromosomes
{Meah £ CL) (Mean = CL) (Mean & CL) (Mean % CbL) observed
13 7.346+£0.051 7.1350.045 14.481+0.072 ©0,974%0.0086 250
2 B8.425%0,.058 6.94%7%0,054 15,371+0.085 0.827+0.0080 250
3 8.348+0.055 6.47320.048 14.821x0,075 0,777+0.0076 250
4 7.899+0,057 -6.403+0.050 14.302+0.082 0.813£0.007%9: 250
5 7.287+0,052 5.163:0.042 12.449+0,068 0.711x0.0074 250
6 . : 6.98840.049 6.651+0.047 13.639+0,073 0.954+0.0089 250
6 with sat. 6.959£0.073 4.453%0.059 11.411£0.095 0.642+0,0108 100
Sat : 2.,275+0.045 - 100
7 9.079+0.060 5,854+0.050 14.933%0.077 0.647+0.0071 250
7 with sat. 9.264%£0,088 4.134%0.095 13,398+0,117 0,44740.6117 71
- 1.832+£0.,048 71

Sat

* Relative length (area, density volume) was calculated for each metaphase plate

by the formulka | length (arga, density volume in pixel) of each cthromesome /
total length {area, density velume in pixel) of seven chromosomes including

satellites (sat.) of a meétaphase plate x 100 7,

confidence limit.

T Arm ratio was calculated by averaging th

and averaged.

CL shows. ©5%

e arm ratio of edch of 250 chromo-

SOMES.

} Idiogram of thromosome 1 was shown upside down in Fig.l-7, as explained in Lhe
Lext.

I3, Area

Chromosome Long arm Shert arm Total Arm raltios No, of

chromosomes
(Mean 4 CL) (Mean + CL) (Mean + CL) (Mean *x CL) observed

1 T.372£0,062  7.143+0.058 14.516£0,092 0.973x0.0116 250

2 8.,406+0,066 6.968+0,063 15,373+0,101 0.831%0.0089 250

3 8., 330£0.067 6.518+0,058 14.848:0,096 0.,785+0.0088 250

4 7.939+0.068 6.52440.058 14.463+0.100 0.825+0.0087 250

5 7.292+£0.064 5.172#0.055 12.465+0,094 0.,712+0.0088 250

6 _ 7.109£0.056 6.569+0.056 13.678:0.088 0.927+0.0095 250,

6 with sat. 7.097+0.088 4,282+0,067 11,379+0.132 0.605+0.0092 100

Sat - 2.313+0.05%4 100

7 D.048+0.072 5.612+0.051 14.660+£0.088: 0.623%0,0076 250

7 with sak, 9.229+0.130 3.815%0.091 13.044+0.147 0.41.5+0.0122 71

Sat 1.808+0.064 71




mable 1-3. (Contisfued)

c. Density volume

Chromosome Long arm Sh@rt arm ) Total Arm ratios No. of

‘ chromosomes
{(Mean * CL) (Mean * CL) (Mean 4 CL) (Mean # CL) - observed

1 7.373£0.065 7.125£0,062 14.499%0,095 0.971%0.01L16 250
2 8.348+0.069 6,966+0.069 15.314%0,107. 0.837+0.0099 250
3 8.335+0.070 6.572£0.064 14,90740,102 . 0.792+0.0098 250
4 7.943+0.071 6.592+0.061 14.535%0,103 0.834+0.0097 250
5 7.264+0.070 5.218+0.060 12,483%0,099 0.722%0.0103 250
[ 7.118+0.058 6.572£0.059 13,690£0.089 0.927+0.0105 250
6 with salb. 7.11940.091 4.304%0.070: 11.424+0.135 0.606+0.0098 " 100
sat 2.286+0,058 ' : ‘ 100
7 8.976+0.074 5.610£0.057 14.586£0.088 0.628+0,0086 250
7 with sat 9.18140.134 3.813%£0.096. 12.994£0.150 0.417+¢0.0131 @ ' 71

1 ; 71

Sat . 756+0.069

G L - A ROEO NS L OH 1 - 357 RO THESE (a=0.05)Hb 50T

oo DEIEL-6a 3 B50Ric > T IER T &k &Rk O KT OMIOERE L L
. BIAR9IE 55 5 ROEOTIE EHITER LEDOTH B, CORMOYBMEES
b B B DI AR Tk = € 280 L B RSN 2 Hef i i 2508 IR @ T4 4l Kk
BTH ot (81 -3, I 2 Rtn kARt R T b B A R RO IS0 K2 T & 7
afte TO &S EHEEKOBOED RE S OWILIz>WT (M1 -6b). & BIifift. #
BEHRR & O 1D DB > VT b MBHCED b iice BLED T & BWl5 0 & 5 k.
WERDSS A — 5 RN T bR RE RS RET 5 T & ERIETES - K,

%1 AR GRS B 35055 4 — 2 1B ETEN 5O MILHOMNRIER L
FbOTHE, ThEOHBREET ~CHE (a0.00TH =T, R LTTRIN, &5
ERUEHBIN, B L0 E NE ORI DTN AR FROREHE S IBE 0.5~ 0.7
DR 457 L1t U T & BB & 02 0 5 0 BLEM O MM H R 7K
DYk DT TE RN 09285 & U 0. 952 &M VA R Lo U Ao dts TR
EBERRE R E VIS MR A5 4 — 5 TH B LHA bRk |

SE IR A TR L CREARID 5 5 EDT L — 5 AUt kDRI bTTHT 5
BHERLET LB, 555 4 — 5 T BT 0 TOBM, % 1 Da 1R
‘?iﬂh(3o@&5;—9¢%ﬂmm(ﬁ)mumm%fﬁﬁamqtﬁ\meﬁ3\
TR, BIEAROITTA R < ot CHEMBOFIES D095 X — 5 ORI L
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Table 1-4. Correlation coefficients between length
(L), area (a) and density volume (DV)

a. Total volume

Chromosome I, : A L : DV A : DV
1 0.649 | 0,605 0.915

2 6.682 0.622 0.930

3 0,650 0.619 0.938

4 0.660 0.647 0.940

5 0.699 0.651 0.944

6 0.703 0.641 0.919

7 0.585: 0.494 0.912
Average 0,661 0,611 0.928
SE 0.015 0.021 0.005

b. Arm ratio

Chromosome L : A L : DV A : DV
1 0.579 0.583 0.946
2 0.593 0.583 0.955
3 0.666 0.643 0.949
4 0.522 0.502 0.949
5 0.589 0.573 0.962
5 0.621 0.594 0.947
7 0.609 0.593 0.953
Average 0.597 0.582 0.952
0.016 0.002

SE 0.017

THEBoNT (K1-50)e 32D/ T A =505 FKROMk (2 Refufk) &ik
ek (S5 Bemk) Moo RSBV TRAERD . SROAD TGO
SR (a=0.00)0KE 3 REXKBOVTHRNEE > TR (F1-3a)s BALO#M
SEX. MMBLUREAND I B, A4 LAFROEOMINBELTYUENRT AT ER
XTHB LM NI
B 1-TidA A L FROBEDO NI RGO F 4 AT LERLIZDDTH S, JORTH
OO RMOE S ORI EDTVIGM (el -3a), &Y FOMME L Ui
WIFEDO N YR O MG MFIc LD BN T— SIS VT VW5, £295%L DB
(33 L7 20RO e ok 194 L E) TINBI Loy FREEB LAY FEHLLTRD
Ry FTH L, 5% L% A MOHM TMB LIy FERLERE ALY FEABTLTH
By RELTEL K, IWBIHIEAA%RMD Sy PRI Lo SREELLAVF



Table 1-5. Analysis of variance of the parameters

a. Length, area and density volume

Parameter Source Sum of squares D.F. Mean square F ratio
Length Between chromosomes 1428.17 6 238.03 629.112%%*
Within chromosomes 659.48 1743 0.378
Total 2087.65 1749
Area : BelLween chromosomes 1352.02 ) 225,34 389, 332% %%
Within chromosomes 1008.81 1743 0.579
Tolal : 2360.84 1749
Density Between chromosomes 1311.94 G 218.66 351 .496%**
volume Within chromosomes 1084.28 1743 0.622

Total 2396,22 1749

b. Arm ratios of length, area and density volume

Parameler Source Sum of squares D.F. Megan square F ratio
Length Belween chromosomes 21,3455 [} 3.5576 B8G8, To3*¥*
Within chromosomes - 7.1376 1743 (0.0041
Total 28.4831 1749
Area Between chromosomes 21.5156 6 3.5859 677.691%*%
@ilthin chromosomes 9,2229 1743 0.0053
Total 30.7385 1749
Density Between chromosomes 20,4107 6 3.4018 511, 391 *%%
valume Within chromosomes 11.5944 © 1743 0.0067
Total 32.0051 1749

MDA ENRFGIRE 1 2 OEFIRE Ui, SRROEOGTIMISRT 5By KLU
AU = FEGIRFSEMD U T, Thoofilofks, BRI KSY FOk
i E TOMMB LUHEAS Y FOIMBFILRE L GCRT LB TH B, TAhRORMIIK
LTHIBMD Y FON LA IES N, ZRED I BB DAY FRZUELT

”igl]a-fi‘ 6 1)0)’63") 2 7‘:0

w
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Ef

BESK .. B RGP IRIL I & U F — & Ol ic t';ti”' ‘.‘i’;]04‘5‘4‘&'55204<$§i’5!§§@ﬁ3f£f4\‘7’)”|]
WHNTE e SHIZHLTCINT ASEJIWABAIE, R0KENO fAREEY %,
HE W AGE AT S S LR & - TR I CRMM® 5 B ik hito defo il % fib 4
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Fig.1-7. Quantitative idiogram of barley chromosomes constructed on the
basis of data from 250 metaphase plates and from 20 N-banded plates.
The contour of each chromosome and the position of band were based on
the former and the latter, respectively. [>,mucleolar organizing region;

P ,centromere. Closed and hatched bands indicate stable and unstable
bands, respectively. § and L, upper and lower arm, respectively.

BT ENTNETH =10 R85 £~ S OUERILE CH I ASEINVET &I doT
BN L DB B EEA BB, LAht > TARRTE SN icd 4 L F ORI T
37~y d 2504 L 0 KRDH KD IZ S R TVIEHE DO TH % LB R
6N D,
AdAFIBOWTRER, 1 ROEO2DORMOREDKPMYFENIBEL L > T E,
T BN 1 Hefa R P AN TR O E X OERIPE VIS WFhO R,
KIS 95 TR I L » THIE » TV A, ARBRTHDIIIIE 250,30 2 4o
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Table 1-6. Regions, center position, width and freguencies of N-bands of barley chromosomes*

Chromosome 1 Chromosome 2 Chromosome 3 Chromosome 4

Region  CP  Width Freg, Region CP  WidtH Frég. Region CP 'Width Freq. Region CP width Freq.

2.4 -—= 35.8 = 2,2 =— 39.2 — 3.2 —= 46.1 = 3,2 —= 351 —
2.3 37,1 1.1 g 2.1  27.3 5.9 18 3.1 15,3 6.5 20 3.1 248 8.2 20
3 2,2 © 12,1 - — 1.4 —— 10.5 — 2.2 —— 0.8 — 2.2 — 1.5 .—
2.1 22.3 4.3 20 1,3 12,9 2.0 11 2.1 B.5 5.9 . 20 2.1 16.3 5.9 . 20
1.2 14.2. — 1.2 —— 7.2 = 1.2 T —— 11 = 1.2 -—— 3.8 —
1.1 3.0 6.0 20 1.1 2.4 4.7 20 1.1 2.2 4.5 20 1.1 4.8 9.5 . 20
CEN — 7 - .
1.1 3,00 6.0 20 1.1 2.4 4.7 20 1.1 2.2 4.5 20 1.1 1.6 -1.8 20
1.2 —— 65,3 — 1.2 —— 4.1 — 1,2 =~ 1,7 — 1.2 —— 3.3 —
2.1 12,1 6.7 20 2.1 9.1 5.8 19 2.1 B.4 6.5 20
2.2 —— 10.2 — 2.2 12,2 — 2.2 5.5 —
L 3.1 28,7 6.0 20 3.1 28.1 7.6 20 2,3  1B,2 2.1 17
3.2 27.4  — 3.2 - 51.6 — 2.4 3.8 —
3.3 5%.6 1.1 10 3.1 26.8 7.3 - 20
3.4 24.0 — 3.2 11,7 —
4.1 42.8 Ls1l 19
4.2 —— 35,6 —
Chromosome -5 Chromosome 6 Chromoscome 7

Region CP Wwidth Freq. Region CP Width Freg. Region CP width Freg.

2.4 — 22.8 -

2,3 43.5 2.1 10
S 2.2 28.3 —_ 1.4 —= 1B.3 —
2.1 12.2 3.8 12 1.3 40.8 1.1 11
1.2 — 42.4 - 1.2 B 3.1 - 1.2 —  31.8 -
1.1 4.6 9.2 20 1.1 3.6 7.2 20 1.1 4.3 8.6 20
. CEN - i
1,1 1.8 3.1 20 1.1 1.2 2.4 20 1.3 4.1F B.I 20
1.2 —-—  20.5 - 1.2 — 2.0 — 1.2 _— 7.7 —
L 2.1 24.9 2.7 20 1.3 6.3 3.8 13 2.1 19.7 7.9 20
2.2 - ~——=— 46.6 — 1.4 2.9 — 2.2 — 89.0 b

1.5 12.9 3.6 17

1.6 . 54.9 -

Note: CP, center position of the band from the centromere; Freg., freqguency; CEN, centromere.
* Location of the chromosome 1 is based on the idiocgram of Fig.1l-7.
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Fig.1-9. Relative leéngth of each chromosome at the five mitotic stages.
® :chromosome 1, M :chromosome 2, O :chromosome 3, A :chremoseme 4,
A ichromosome 5, [0 :chromeseme 6, W :chromosome 7. Symbols in
parentheses indicate the average relative lengths of individual
chromosomes. in 250 metaphase plates.
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Fig.1-10. Relative length of each chromosome arm at the five mitotic stages.
Symbols correspond to the same chromosome numbers shewn in Fig.1-9. The
solid line and the broken line indicate the long and the short arm of each
chromosome, respectively. Symbols in parentheses indicate the average
relative lengths of individual chromosome arms in 250 metaphase plates.
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Fig.1-11. Arm ratio of each chromosome at the five mitotic stages. Symbols
correspond to the same chromosome numbers shown in Fig.1-89, Symbols in
parentheses indicate the average arm ratios of irndividual chromosomes in
250 metaphase plates.
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Fig.1-13. Rank order occupation ratio
of each chromosome in arm ratio at
the five mitotic stages. Rank
indicates the rank order of arm
ratio within a metaphase plate.
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Table 1-7. Regression equations of chromosome (Ypd,
long arm (YL) and short arm (YS) length for the total
<chromosome length within a metaphase plate (X)

Chromosome Regression equation r

. Yp = 0.2187 + 0.1414% 0.9598

1 Yy = 0,.2431 + 0,0697% 0,9208
YS = ~0,0244 + 0,0717X 0.9385

YT = 0,0155 + 0,1535% 0.9507

2 ¥y, = -0.1448 + 0.0865X 0.9319
Ys = 0.1603 + 0.0670% 0.9020

Yp = -0,2165 + 0,1516X% 0.9603

3 Y, = -0.3234 + 0,0886% 0.9424
Yo = 0.1070 + 0.0631X 0.9125

Yo = 0.2534 + 0,1390% 0.9463

4 Yy = -0.0263 + 0.0794K 0.9208
Yo = 0.2796 + 0.,0596X 0.8961

Yp = 0.1477 + 0,1222X 0.9524

5 YL = -0,0932 + 0.0743X 0.9269
Ys = (.,2409 + 0.0479X 0.8920

Yp = 0.1708 + 0.1337X 0,9523

6 YL = 0,1566 + 0.0674X 0,9210
Ys = 0,0142 + 0,0663X 0.9212

Yp = -0.6514 + 0.1596X 0.9658

7 YL = -0.5312 + 0.0991X 0.9465
Yg = ~-0,1202 + 0.0604% 0.8983

Relative contraction rate (RCR)

0.3 Early —— Mitotic stage —=Late 55,
i 1 L
100 80 60

Total chromosome length within a metaphase plate {pm)

Fig.1-14. Relation between the relative contraction rate in length of
chromosome arm (RCR) and the mitotic stage.
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[ig.2-1. A prometaphase plate of rice. Bar=5 Jum.
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2355

Fig.2-2. Sequential steps of image analysis for rice chromosomes.
Explanations are given in the text.
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Fig.2-3. Typical CP of each chromosome. No. shows chromosome number.



Fig.2-4. Prometaphase plate with identified chromosome numbers. Bar=5 pm.
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Table 2-1. Mean relative length and arm ratio ‘with standard
deviations (SD) of rice chromosomes obtained in 10
prometaphase plates.

Chromosome Relative length Arm ratio Correspondence
Mean 8D % Mean SD to K number*
1 6.32 0.30 12.64 1.7t 0.21 K1
2 5.60 0.48 11,20 1.25 0.08 K3
3 5.0¢ 0.42 10,08 1.60 0.21 K2
4 4.49 0.45 B.98 2,91 0.42 K4
5 4,26 0.31 8.52 1.46 0.20 K5
] 4,14 0.41 B.28 1.12 0.06 KG
7 3.89 0.28 7.78 1.59 0.13 K9
8 3.60 0.17 7.20 1.16 0.08 KB
9 3.34 0.12 6.68 1.24 0.13 K7
10 3.19 0.29 6.38 3.85 0.68 K10
11 3.06 0.11 6.12 1.28 0.17 K11
12 3.06 0.27 6.12 1.93 0.34 K12
Total 49.99 89.98

* Designation by Kurata & Omura (1978) and Kurata et el.
(1981).
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Fig.3-1. Metaphase plates stained by C-banding (a,'Emir') and N-banding (b,
'Shin Ebisu 16') treatments without earlier acetocarmine staining. Bar=10 pm.
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Fig.3-2. Acetocarmine-stained metaphase plates of 'New Golden'(a, b), and the
same plates subsequently stained by C-banding (c) and N-banding (d) treat-
ments. Bar=10 Jum.
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Fig.3-3. Acetocarmine-stained chromosomes (a, b left-hand side) and the same
chromosomes subsequently stained by C-banding (a) and N-banding (b) treat-—
ments (right-hand side). Individual chromosomes were taken from the plates
of Fig.3-2. The horizontal lines indicate the position of the centromere.
Assignment of the long and the short arm of chromosome 1 follows Singh and
Tsuchiya (1982b). Bar=10 pm.
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Fig.3-4. Metaphase plate ('Shin Ebisu 16') stained by C-banding treatment (a),
and the same plate subsequently stained by N-banding treatment. Bar=10 pm.
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Fig.3-6. C-banded (a) and N-banded (b)
chromosomes of 'New Golden' at
different mitotic stages from early
metaphase (left) to midmetaphase
(right). Chromosomes in vertical
arrangement are those from a single
cell. Bar=10 pm.

Fig.3-5. C-banded (a) and N-banded (b)
chromosomes of four cultivars 'New
Golden' (N), 'Shin Ebisu 16'(S),
'Betzes' (B) and 'Emir' (E).

Bar=10 pm.
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Fig.3-7. Idiogramic representation of the C-banding (a) and the N-banding (b)
patterns of chromosomes in four cultivars. Each set of four chromosomes is
arranged in the order of 'New Golden'(N), 'Shin Ebisu 16'(5), 'Betzes'(B) and
'Emir' (E} from left to right (See the example below Chromosome 1). N-banding
specific bands located at the centromeric sites are represented by the dotted
parts. Other bands are classified into four groups according to their ‘
frequency of appearance. The appearance frequency of each band was obtained
by microphotographic analysis of 20 choromosomes from ten quality metaphase
plates in each banding technique for each cultivar. Bands with appearance
frequencies of 95% and higher, 46% — 94%, and 11% - 44% are depicted as solid
bands, solid circles and open circles, respectively. Bands with an appearance
frequency of 10% and under are not shown in the idiogram.
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Fig.3-8. C-banded chromosomes of 'Chikurin—ibaraki No.1'(a) and N-banded
chromosomes of 'Bonus' (b). Bar=10 jm.
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Fig.3-9. Breakpoints in the reciprocal translocation lines derived from
'"Chikurin-ibaraki No.1'. Figure in the bracket indicates TS line number.
The asterisked lines had not so far been identified for the transloca-
tion chromosomes. Six lines (TS 2,14%,15,18,43* and 48*%) could not be
identified for the breakpoints in this study. TS 44 could have the
breakpoints at the satellite, the NOR or the distal interband of short
arm in chromosome 6 and the same correspending position in chromosome 7.
L, S and an arrow show leng arm, short arm and centromere of each
chromosome, respectively. N-banding specific band at each centromeric
site is represented by a dotted band.
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Fig.3-10. Translocation chromosomes and their idiograms in six TS lines. C-banded chromosomes
are demonstrated in TS 4,30,10,21 and 41, and N-banded chromosomes in TS 51. Arrowheads
indicate breakpoints. '
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Fig.3~11. Distribution of breakpoints in TS lines. Number in the parenthesis
.shows expected number of breaks which was calculated assuming that the
occurrence frequency of breaks is proportional to chromosome length,
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Fig.3-12. C-banded and N-banded translocation chromosomes and their idiograms in TS 32 and TS
* 55. The original chromosomes of 'Chikurin-ibaraki No.l' are arranged on both sides in each
four chromosome set for reference. Arrows indicate breakpoints.
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214 101 Fig.3-13. (a) Breakpoints in the reciprocal
translocation lines derived from 'Bonus’.
In asterisked lines, the exact location within

33.8 15.9 interband region could be identified for their
breakpoints. (b) Distribution of breakpoints in
chromosome 4. Expected number of breaks was

Test for randem acourrence calculated assuming that the occurrence frequency

of breaks : 12=11.99"" of breaks is proportional to chromosome length.
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Fig.4-1. Photomicrographic images of G-banded maize chromosomes. (a) Prometa-
phase plate treated with trypsin. (b) Prometaphase plate treated with SDS.
(c) Early metaphase plate treated with SDS. Bar=10 jm.
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Fig.4-2. Sequential process of image manipulation of G-banded chromosomes in a
prometaphase plate. (a) Original chromosome image after correction of light
fluctuations and noises. (b) Enhancement of the contrast of the original
image by treatment with a digital filter. (c) Twofold enlarged chromosome
image of a part of Fig.4-2b. Mid-ribs of each sister chromotid of a
chromosome 5 indicated by an arrowhead were traced interactively with overlay
lines. Bar indicates 10 pm in (a) and (b), and 5 pm in (c), respectively.
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Fig.4-3. Chromosome identification by the C-banding technique. (a) Giemsa-
stained chromosomes at metaphase. (b) C-banded chromosomes. (c) Chromosome

diagram with chromosome number. Bar=5 pm.
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Fig.4-4. G-banded chromosomes of the plate shown in [ig.4-2. The chromosome
images were treated with the digital filter and enlarged twofold on the
monitor. The signs (@) and (p) show the positions of knobs and NORs,
respectively. Bar=5 pm.
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Fig.4-5. Comparison of the G-banding patterns of chromosomes 3,7 and 8 obtained
from four different plates and by two different methods. A, B, C and D are
selected from the plates of Figs.4-2, 4-la and 4-1b, and the plate not shown,
respectively. Bar=5 jm.
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Fig.5-1. Replication signals detected by an anti-BrdU antibody in metaphase
plates (indicated by arrowheads) and interphase nuclei of barley. Bar=10 Jm.
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Fig.5-2. Replication patterns of barley chromosomes. (a)Type-I (b)Type-II (c)
Type-I1I (d)Type-1V (e)Type-V (f)Metaphase cell with no replication signals
(g)Metaphase cell with replication signals on either of sister chromatids.
Bar=10 Jim.
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Frequency of metaphase cells with
each replication pattern (%)

Time after the end of DrdU treatment ()

Fig.5-3. Changes of the frequencies of the barley metaphase cells with various
replication patterns after a 30 min pulse treatment of Brdl (10 pg/ml).

®—o:Types-I and 11, 0——C:Type-111, &——h :Types-IV and V, M- - —m:Meta-
phase cell with no replication signals,l-----M:Metaphase cell with replica-
tion signals on either of sister chromatids.
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Fi§ﬁ5—4. C-banding and late-replacation patterns of barley chromosomes. Each set of 14

romosomes in the late-replication pattern was taken from a single cell.
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Fig.5-5. Replication patterns of rye chromosomes (Explanations are given in
the text). Bar=10 jm.
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Fig.5-6. C-banded chromosomes of rye.
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Fig.5-7. Replication patterns of the chromosomes of durum wheat (Explanations
are given in the text). Bar=10 pm.
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Fig.5-8. C-banded chromosomes of durum wheat.
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Fig.5-9. Replication patterns of rice chromosomes (a-d: Explanations are given in th
Bar=10 pm), and Giemsa-stained karyotype at prometaphase.
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Fig.6-1. Localization of rRNA genes by in situ hybridization with a japonica
type variety 'Nipponbare'(a) and the trisomic line carrying the pugloq%ar
chromosome as the extra chromosome (h). Arrowheads indicate hybridization
signals. Bar=§ pm.

Fig.6-2. Localization of rRNA genes by in
situ hybridization with a indica type
variety 'IR36'. Arrowheads indicale
hybridization signals. Bar—§ jim.

[Mig.6-3. In situ hybridization of rDNA of
rice to tobacco chromosomes at prophase.
Arrowheads indicate hybridization signals.
Bar=5 pm.
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