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Table 1. List of isogenic lines

Line No. Name I\/Igz;rrll(eer Character expression Lgi?gsge bag(%rc?sfses Donor strain
Ta- 1 wx6517 Wwx Glutionous endosperm I 17 Kinoshita-mochi
2 1g65, Iy Liguleless I 4 H-79
3 Ph65;y Ph Pheno!l stainning i 10 P.T.B. 10
4 g65; g1 Long sterile lemmas-1 v 8 A-18
5 Rc65¢ Re Brown pericarp v 6 A-5
6 gh65; gh-1 Gold hull & internode-1 VI+1X 3 H-75
7 nl65g nl-1 Neck leaf-1 VI+IX 6 H-69
8 bc65g be-1 Brittle culm-1 Xt 8 H-79
9 gl65; gl-1 Glabrous leaf and hull-1 VI+ IX 3 —
10 1a65, la ‘Lazy’ growth habit Vil 4 H-79
11 d65,4 d-1 Daikoku dwarf VI+IX 4 A-23
12 Rd65;, Rd(Rc)* Red peircarp and seed coat il 11 P.T.B. 10
* Complementary action between Rc and Rd.
Table 2. Composition of culture
solution Abbreviation Character
Chemicals Element Concentration mSN Spikelet number of mPL
1IN 1st internode length
NH/NO; N 25 ppm 2IN 2nd internode length
NaH,PO,2H,0 P 10 ppm 3IN 3rd internode length
K.S0, K 40 ppm 4IN 4th internode length
CaCl, Ca 40 ppm IN% Relative length of 1st internode
MgSO, Mg 10 ppm 2IN% Relative length of 2nd internode
FeCLGH,0 Fe 2 ppm iﬁg‘;@ Eeiatfve iengtt oi irld ?nterno:e
0 elative length ot 4th internode
MnCl AH,0 Mn 05 ppm 1LS 1st leaf sheagth length
2LS 2nd leaf sheath length
Table 3. Abbreviation of characters ILS 3rd leaf sheath length
Abbreviation Character 1LB Ist leaf blade length
2LB 2nd leaf blade length
PH Plant height (mean of 5 tillers) 3LB 3rd leaf blade length
PH do. (the longest tiller) BN Number of 1st branches of mPL
mPH Plant height of main stem SL Spikelet length
CL Culm length (mean of 5 tillers) SW Spikelet width
CL do. (the longest tiller) GL Grain length
mCL Culm length of main stem GW Grain width
PL Panicle length (mean of 5 panicles) 100w 100 grain weig}Tt .
HD Days from sowing to heading
PL do. (the longest panicle) mHD HD of the main stem
mPl Panicle length of main stem PN Panicle number

SN Number of splkelets per panicle NL Number of leaves on the main stem
(mean of 5 panicles) .
o NI Number of internodes

SN do. (the largest panicle)
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Table 4. Agronomic characters of Taichung 65 in Taiwan and Sapporo
Taichung 65
Character
1st crop in TaiwanD) 2nd crop in Taiwan® Sapporo

Plant height (¢m) 113.82) 98.12) 103.9+2.88%
Panicle length (cm) 21.6£1.609 19.84+1.37 20.4+0.89
Internode length (cm)

1st 42.843.02 36.7+3.15 40.3+2.42

2nd 21.8+1.37 21.6+1.48 19.741.01

3rd 13.3+1.45 12.7+1.00 15.5+1.93

4th 6.4+1.45 6.9+1.35 8.3+1.67

5th 1.0+0.50 1.5+0.66 224222
Leaf sheath length (cm)

1st 31.0+1.48 29.5+1.49 28.4+0.94

2nd 2464235 23.4+1.07 21.820.49

3rd 226+1.17 22.74+0.84 22.8+1.25
Leaf blade length (cm)

1st 32.24:2.87 29.0+2.86 26.7+3.57

2nd 37.7+£3.55 37.44+3.33 37.8+6.05

3rd 37.242.64 39.3+2.45 48.743.07
Spikelet No. per panicle 109.1+13.0 107.2+1.04 95.1:4:9.40
Panicle No. per plant 16.944.20 13.62.54 12.6-+2.22
Spikelet length (mm) 6.914-0.08 7.04+0.06 6.44+0.09
Spikelet width (mm) 3.32--0.06 3.28--0.09 3.50£0.08
100 grain weight (g) 2.56+0.26 2.5840.23 2.664-0.07
Days to heading 1280 89.1 120.0-£2.21

1) Data by TSAr (1972).
3) Mean of 10 plants.

2) Mean of 30 plants.
4) Standard deviation.
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Table 5. Variance analysis of 11 characters in the Experiment 1 and 2
EXP. 1 EXP. 2
Character Solflii(;ece()f
va D. F. M. S. F D. F. M. S. F

PH ’ Line 10 148.5031 6.11%* 12 2370.3906 265.12%*
Error 55 24,2986 91 9.2912

PH Line 10 137.0135 6.24** 12 2559.4557 303.39**
Error 55 21.9734 91 8.4361

P“‘—L Line 10 5.2200 6.91%% 12 148.9593 71.44%*
Error 55 0.7558 91 2.0851

PL Line 10 2.7760 2.54%* 12 452.7206 229.13%*
Error 55 1.0909 91 1.9758

SN Line 10 1511.4112 17.36%* 12 1893.6549 27.04%*
Error 55 87.0670 91 70.0307

SN Line 10 2041.8255 17.33** 12 2526.3333 18.46**
Error 55 117.8076 91 136.8721

HD Line 10 48.7479 7.69%* 12 89.5933 11.97%*
Error b5 6.3424 91 7.4835

PN Line 10 3.7830 1.57 12 18.9054 2.50%*
Error 55 2.4127 91 7.5508

S, Line 10 0.2921 37.45%* 12 3.9438 480.95%*
Error 55 0.0078 91 0.0082

SW Line 10 0.0327 11.28** 12 0.0476 15.35%%*
Error 55 0.0029 91 0.0031

100W Line 10 48716 7.34%* 12 110.2865 182.20%*
Error 55 0.6639 91 0.6053

*, ¥ Significant at the 0.05 and 0.01 levels, respectively.
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Fig. 1. Significant differences of isogenic

lines from the mean of Taichung
65 (recurrent parent) in 11 kinds
of agronomic characters.

*  Significant at the 0.05 level. The other differ-
ences are significant at the 0.01 level. Non-
significant differences are not indicated in his-
togram.
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Fig. 2. Significant differences of isogenic
lines from the mean of Taichung
65 (recurrent parent) in 6 plant

characters.

*  Significant at the 0.05 level, no mark; significant

at the 0.01 level.
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Table 6. Correlation coefficients related to
heading date (HD), HD of main
stem (mHD), number of leaves in
the main culm (NL) and numaber
of internodes (INI)

Character
Character e
HD mHD NL NI

PH —0.18 —0.12 —0.06 0.17
mPH —0.20 —0.17 —0.05 0.18
mCL -0.27 —0.22 —0.14 —0.10
1IN —0.41 —0.48 —0.51 —0.34
2IN —0.45 —0.43 —0.29 —0.08
3IN —0.03 —0.06 0.10 0.17
4IN 0.32 0.42 0.57* 0.78**
1LS —0.26 —0.25 —0.28 —0.11
2LS —0.35 —0.30 —0.19 —0.01
3LS —0.30 —0.30 —0.24 —0.11
1LB —041 —0.44 —0.56*  —0.43
2LB —0.46 —0.52 —0.66* —0.56
3LB —0.22 —0.32 —0.39 —0.32
NI 0.33 0.45 0.70%*
NL 0.46 0.55
mHD 0.80**

*, **  Significant at the 0.05 and 0.01 levels,
respectively.
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. 3. Significant differences of isogenic
lines from the mean of Taichung
65 (recurrent parent) in culm and
leaf characters.

*  Significant at the 0.05 level, no mark; significant
at the 0.01 level.

Table 7. Differences of relative internodes-
from Taichung 65

Relative internode length

Iine Marker
No. gene  y1No,  2IN% 3IN% 4IN%
Ta-1 wr 295 2.29 —3.19% —255
2 lg —1.67 3.37* —1.01 -1.08
3 Ph —1.96 202 —213% —284
4 g1 1.91 281 -1.26 —3.19%
5 Re 2.55 245 —296%% —3.65%
6 gh-1 1.78 4.58%*% —2.06% —4.94%*
7 nl-1 —18.15%% -0.83 1.79 13.41%%*
8  be-1 2.24 330* —1.34 —2.08
9 gl-1  —A16%* 2.99* 211 —1.49
10 la 6.15%* 236  —5.35%F —4.20%*
11 d-1 15.99** —16.89**  262% —428*%*
12 Rd 3.04% 298 —2.64%% —450%*
Taichung 65 45.86%  22.40% 1859% 13.34%

ko okck
’

Isogenic line

Taichung 6
Ta-1(wx)
Ta-2(lg)
Ta~3(Ph)
Ta-4(g-1)
Ta-5(Rc)
Ta-6(gh-1)
Ta-7(ni-1)
Ta-8(be-1)
Ta-9(gl-1)
Ta~10( la)
Ta-11(d-1)

Ta-12(Rd)

Fig. 4.

Significant at the 0.05 and 0.01 levels,

respectively.

Idiogram of internndes

100%

N % 1% A N %
509 1IN % \211\/ \311\ 4IN %
/ /\ K
. O]
L 1 i i 1
0 20 40 60 80
O significant increase
@ significant decrease
Idiogram of relative internode length

in 13 isogenic lines.
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Fig. 5. Significant differences of isogenic
lines from the mean of Taichung
65 (recurrent parent) in 4 kinds of
panicle characters.

*  Significant at the 0.05 level, no mark; significant
at the 0.01 level.
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Table 8. Correlation coefficients between panicle and culm characters
Phenotypic correlation Genetic correlation
Character?

mPL mSN BN mPL mSN BN
mCL 0.357 0.443 0.576* 0.440 0.536 0.831
1IN —0.041 0.521 0.539 —0.120 0.683 0.788
2IN 0.332 0.372 0.553* 0.378 0.477 0.809
3IN 0.310 0.381 0.415 0.481 0.501 0.704
4IN 0.531 —0.054 0.079 0.912 —0.220 0.088
1LS 0.028 0.191 0.210 0.209 0.678 0.870
2LS 0.426 0.235 0.434 0.556 0.334 0.674
3LS 0.297 0.363 0.510 0.364 0.448 0.739
1LB 0.028 0.191 0.210 —0.036 0.407 0.512
2LB 0.077 0.288 0.347 —0.219 0.561 0.646
3LB 0.057 0.641 0.568* —0.078 0.869 0.873
BN 0.006 0.755%* 0.116 0.848
mSN —0.153 -0.232

* **  Significant at the 0.05 and 0.01 levels, respectively.
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Table 9. Mean values of grain characters
and differences from Taichung 65

Line Marker Grain length (GL) Grain wide (GW)
No. gene Mean Diff. Mean Diff.
Ta-1 wr 492  —0.11%* 292  —0.08%*
2 lg 495 —0.08* 294 —0.06*
3 Ph 5.10 0.06 298 —0.02
4 g1 481  —0.22%* 291 —0.09%*
5 Re 5.01 -0.03 3.00 0.00
6 gh-1 5.54 0.51%%* 3.06 0.06*
7 nl-1 5.12 0.09* 3.05 0.05
8 be~1 498 —0.06 3.00 0.00
9 gl-1 5.37 0.33%* 285 —0.15%*
10 la 498 —0.05 296 —0.04
11 d-1 283 —2.20** 3.01 0.01
12 Rd 503 —0.01 3.02 0.02
Taichung 65 5.03 3.00

* ¥ Significant at the 0.05 and 0.0l levels,
respectively.

Table 10. Correlation coefficients among
grain characters

Character

SW GL GW 100W

Character

Spikelet length (SL) 0.073 0.980** 0.054 0.932*=

)
” wide (SW) 0.011  0.707* 0.163
Grain length  (GL) 0.078 0.924*x
» wide (GW) 0.045

CRHE L, 2R LT, gh-1 T3 GL & GW a3t
I A HEED R b, nl-1 3 GL O&RE b
L BIERAMR AL, gl-1 Tik SL &[4 GL w b1
MG iy, GW adficiidr Lic, d-1 1% SL
Bl 45 L Lhic, GL & bRBOMEN A S h
720 LvL, CW 2 LA EEBTeh » 72,

Table 10 i3 EF O HEIRE (EBAMHER) T
GL-SL, GW-SW, GL-100 i (100 W), SL-100 W T
HE I BBG R S, GL-SW, GL-GW, SL-SW,
GW-100 W, SW-100 W RS- CIEBIRAIR S huleds o o
FROEI LT TR ERBIEOBROFE ST 5 &
Erbhb,

3. BEUBEFILLOIEERBRORLEN
nl-1 ZIFFENCRFDOEEYA U, BRYR M

R B HHER AL, BREOFKFCII D
DARRE/ AL SN, BEFEC X - THPREENE
LS BE LI,

Ta~7 (nl-1) & [H{F 655 ] L2\ T, ThEhesy
FoBROEHFE (mPL) % 10 EHEFHe X v EHL,
IERINE & ZEHR L% Table 11 @R L1zy feBllEL L
ST TaT(nl-1) TI13 K, [HE655] T
125 KCh otzo FORMEGHOLG T SBROZERE
d e D BIL 5 lc. BEROEBRKS Ta-7 (nl-1) T
BELIKE» o,

HMEOCEENiz— R L TERPHEL» CTERIBELE
LR K&E D -t (Fig. 6), Indsiod o iz 1 i
PR LR o7 b, IHEEEREE 2 EHRBE LT
WHEHSOLSEM LI b DI ENETh, BEERONR

Table 11. Panicle length of Ta-7 (nl-2)
and Taichung 65
Ta-7 (nl-1)

Mean

}i\llznt mpL for alll Range of Coe%itpient Palr\}icle
. pamcl: est variation . oitiey o.
on plan
1 20.0 26.99 15.4-42.3 36% 13
2 40.5 25.44 15.7-46.4 33 10
3 24.0 31.29 18.1-45.4 24 14
4 42.0 32.70 20.2-42.0 28 7
5 33.2 29.90 19.8-562.0 32 14
6 50.0 31.26 15.2-50.0 39 14
7 19.3 31.58 16.8-46.4 35 13
8 20.2 28.89 18.2-48.4 33 10
9 515 25.34 19.0-51.5 11 . 8
10 29.5 29.75 17.6-47.0 32 10
Mean 33.02 2931 17.6-47.1 30.3 113
Taichung 65
1 20.0 18.63 15.3-21.4 12% 11
2 215 1979 15.6-215 8 15
3 215 19.52 17.5-21.5 6 10
4 21.3 18.70 14.2-21.3 12 13
5 231 20.50 13.4-23.1 10 15
6 231 18.65 14.3-23.1 10 13
7 21.8 18.82 13.4-21.8 12 15
8 215 18.27 146-21.5 11 9
9 20.9 20.41 18.9-21.5 4 11
10 21.0 19.09 14.4-21.0 11 13
Mean 2157 19.24 15.2-21.8 9.6 12.5
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Fig. 6. Frequency distribution of panicle length
in Ta-7 (nl-1).

Table 12. Spikelet numbers of Ta-7 (ni-1)
and Tacihung 65

Ly,
10 30 50 70 9 110 130

Number of spikelet

Fig. 7. Frequency distribution of spikelet number
in Ta-7 (nl~1) and Taichung 65.

Table 13. Comparison of coefficient of
variability (C. V.) between Ta-7
(nl-1) and Taichung 65

Ta-7 (nl-1)
Plant pr Mem  Rameof SR o SR
variability Ta-7 (nl-1) Taichung 65
1 69 53.6 34-70 21% PH 14.9% 9.4%
2 47 43.1 25-62 27 CL 197 98
3 67 50.6 29-67 23 PL 315 10.2
4 65 43.5 28-65 27 mPL 275 41
5 56 44.5 10-58 30 SN 29.4 343
6 41 37.4 15-53 28 N 98.8 77
7 74 42.8 24-74 52 2IN 15.3 101
8 45 37.3 21-58 36 3IN 16.2 198
9 64 51.9 34-70 23 AIN 183 376
10 61 47.9 36-78 27
Mean 589 45.3 25.6-65.5 294 _
LaL, 1ERR oW TCirse L Bodoiarrzsh
Taichung 65 oo TRF65%5] OFHELERFL Y HFELIHEL
7¢ - 7c (Table 12, Fig. 7),
1 106 774 46-106 33 B, BE, R, 20ROV CEGROLHIRK
2 119 76.6 37-119 32 % Table 13 ik L#, SN, 4IN LA oRE i Ta-
S 45-119 35 T (nl-1) DHRK X R TR LIz, 20X 51 TaT
4 15 90l 30-115 34 (nd-2) RABP DITIE AR B IER 2T 5 = 23
5 128 64.3 37-128 38 Bnd e ot
6 m Sous e 4 G SKBHRA O K BRI
7 %9 656 - 99 34 B AT 2 F S OTVEE T AT~ 5 o, bt
8 1= 82 69-122 21 GHTOR b RS (B 3) BT o e SHAHO
9. a3 27114 39 LE8R % Table 14 177 U e, FATVERES (PH), T8
1o nz o 656 sl-112 84 £ (mCL), 1 32 (mSN), B (IN), B8 (PN) %
Mean 114.8 739

37.7-115.2 34.2

HRMEA LS LR SR, ¥REiok s J3EE
ko THEIRED T, RERIGKDOWCTORE &0
BTHH5,

I UMEER (HD) © L0HET, lg ¥ 11 EoRER
BFREDFHEE THF 6 E] 2T, ThZhK
B (R 2) Mt (ER3) Oy Fig 8k
w71,

R DE I X D EHECEDR D sk - B
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Table 14. Variance analysis of 9 characters
in Experiment 3

Source
Character of D.F M.S F h2%L
variance

PH Line 11 1008.9015 33.15%* 889
Error 36 30.4306

CL L. 11 9745227 28.82** 874
E. 36 33.8194

mPL L. 11 24.5170 6.70%* 58.8
E. 36 3.6570

1IN L. 11  184.8390 45.66** 91.8
E. 36 40486

2IN L. 11 117.8249 64.21%% 941
E. 36 1.8351

3IN L. 11 52.1529  20.34** 82.9
E. 36 2.5642

ATN L. 11 142.0811 4.92%% 495
E. 36 28.8578

PN L. 11 785.0511 8.35%* 64.8
E. 36 94.0625

L. 11 11.6515 8.65%+ 65,7
HD E. 36 13472

**k  Significant at the 0.01 level.
1) Heritability in broad sense.

o:water culture (Exp2)
- ®:50il culture (Exp3)

' mSN 0

g
gz
]
28
=4
z,
X

wt Phgt ReghTal-t be-1gl-10a d-i Rd - ws Ph g1 Regh 1ni-tbe-1 gi-f o d-1 Rd ~
Ta- 134 5678 910111276  Te- 3 345678 910311276

Isogenic line Isogenic line

Fig. 8. Comparison of 14 characters between
water solution and soil cultures.

wir PH, mCL, 2IN, 3IN % X 0' PN © 6 WEHH -
7oo LA L LIN 2-18k (RER3) oFpuke (5 2)
WA L, i 4IN 8 c ke 305 Ko

s EAE B -7, HD 3hHhc L5 BEHR K & 2

»1zo mPL S A#SMEDOHTHE b, ¥io mSN 2
FhttELBL L, ShLDOBEIWThLER
BOEBRF T O ENBEHOREINL IS
" ChD (Table 14),

e KBS ETF OMERAE Y A2 5L, PH,
mCL CR&HH SBETORRN IZLALL—FKL
T, mPL B ROKE INEL LODKAEFT
H97cBIE %" Lz, mSN T2 mPL &FREETH -7,
wx, gh-1,d-1, Rd s EOMHERIHR LT L —F L
T e o 12, HifdE, PN, HD ¥ X OEifEERE (IN %)
oW THEERETOERI—RTEHEHLE 0 o I
2%, 4IN, 4IN % & HD Tid¥s LA H5MTERN
KEN -T2,

BEEIR T OER, RESB2EL THHE MR
W DRELTCCBEAE L, BE, MiUcEnmIElL
DELVEEND T, L, HRIEFOMBOHEN
BRSNS 2 BRI s o fe B EKF DT
NOEBTERMIKRTE21RIPEC L » TR -1
DX EET OWERBC RIS L#ETRO
FHEER D R THD EEL LD,

£ ]

i (e 6558 xBEBoMHkTth b LI 21
fix B LT, BOEETEE L RBELE RO 28
HHRTV5, &OBEBHEREYHE T3 HEEE TR
e MR, RN, MBI o
THEREh, ThThoWREoLoicaRhcAvshT
Wb,

[Brh 665 | LR 3t} BIRB LA TABERRE L/
LT A, BEBEBCRY S EFRBLREI SR, &
it TRH65%) DREREMETHS o, BEARD
BESHFCE TS &, TFETHAEBELMC - T
SRR LIt 7R e &2 bhd,

AEBRTIER LT VWERHBECSWT, BEvd
5 FBHEVS A BABEL Y, 3IEHETHHE
BefBic, FLFEREEH DR THENTE,

ESEET S EAbh B EENERE, Ig, gl-
1, la R d-1 & o B R A RIETE2HTS
RBEEETFRHCBVWCEETH T, 20 X5 R
WERCHETHERE LTI

1) EEFOLEIEH

2) EFEBET L th ThoBHECET 2 8EF

& DFEETE M
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BB LTIV, 7o & 208 la, lg OIEFAFERD
LT, Y, FHOXRBR X - TRELIAFISHOR
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Summary

It is important to elucidate the genetic variabi-
lity caused by the pleiotropic actions and close
linkages with marker genes as a basis of breeding
science. A series of isogenic lines of Taichung 65
for 12 marker genes were grown in the green
house for comparison with the recurrent parent,
Taichung 65. For the accurracy of the experi-
ments, it was confirmed that the characteristics of
Taichung 65 in water solution culture in the green
house is nearly equivalent with the records ob-
tained in Taiwan except for a delay of heading
date from the second cropping in Taiwan.

Through the experiments of two years it was
shown that the genes for morphological traits such
as g (liguleless), g-Z (long sterile lemmas-1), d-1
(daikoku dwarf) and nl-1 (neck leaf-1) affected the
various kinds of quantitative characters and the
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pleiotropic action of wz (glutinous endosperm) was
recognized in a decrease of the number of spikelets
per panicle, a delay of heading date and a consi-
derable decrease of 100 grain weights. In contrast
with this, no marked effects were exhibited in the
lines containing the physiological genes such as
Ph (Phenol staining) and Re & Rd (complementary
genes for red rice).

As for the component characters of the culm,
leaf and panicle, genetic variabilities were found
in several isogenic lines. Relative internode pat-
terns were remarkably altered by the actions of
d-1 and nl-1 as explained earlier by TAKAHASHI
and TAKEDA. The grain size was minimized by
the action of d-7 and the effect of wx was also
detected by using the line which was developed by
successive backcrossings more than 15 times. A
slight diminution of grain length occurred in the
lines having lg and g-1, while the grain length of
gh-1 and gl~1 lines increased from the mean of
Taichung 65.

The character expression of nl-1 was variable
even within an individual. A prominent modifica-
tion occurred in the morphogenesis of additional
and flag leaves showing the fusion of leaf sheath
and the extreme shortening of the first internode.
The plant and culm heights and the length of first
internode in Ta-7 (nl-1) indicated a higher coeffi-
cient of variability than those of Taiching 65.

All isogenic lines and Taichung 65 were cul-
tivated in both water solution and soil cultures in
the green house. Several characters were con-
sistent in both cultures, while the main panicle
length, the fourth internode, the panicle number
and the date of heading were rather variable. The
effect of marker genes was expressed mostly in a
parallel relation in spite of culture methods.

It is worthwhile to detect the effects of marker
genes not only for the studies on morphogenesis
and metabolic pathway but also for practical breed-
ing in order to raise the efficiency of selection by
the aid of marker genes.

Explanation of Plate

1. Plant types of isogenic line in soil culture.

From left to right: Taichung 65 (recurrent parent), Ta-2 Ig (liguleless), Ta-9 g/-1 (glabrous

leaf and hull).

2. Plant types of isogenic lines in soil culture.

From left to right: Taichung 65 (recurrent parent), Ta-10 la (‘lazy’ growth habit), Ta-11 d-2

(daikoku dwarf).
Panicles showing neck leaf (nl-1).

W

a. glutinous (wz) and b. Non-glutinous (wx*) grains.
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