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Fig. 1. Leaf length at base and
head on stem
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Fig. 2. Genetic (solid line) and environmental
(broken line) correlations between
two leaves of tobacco plants
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Fig. 3. Genetic and environmental correlations between two leaves
of leaf width and vein number in N, tabacum.
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B2E EEELCHKIIIREAREM

AREFFE il - 7o kHY, Nicotiana tabacum L. o 11
SECh B I 2 4, Sumatra, Connecticut Broad
Leaf (C.B.L.), #t%% ~ = i 4§ ffi, Virginia Gold
(V.G.), Bright Yellow (B.Y.), Hicks, Moore Field
Franagan (M.F.F.), AAR7ER2 M, 20 156 »
X OFESER LS TH 5 Nicotine Free Tobacco (N.F.T.),
T.I. 448 A, Ambalema O&5t 11 RfETH %, HRHEOD
3 ODFRMMBIL, ThENFEDOIVEIC K TH
Bt d DTHB, T/, Nicotine Free Tobacco 3
= o5 v 4 &, T.1 448A %, ~STHFHIEDTHE, Am-
balema i3 % /8 2 = ¥ 4 7 RIEHE A2 T 5 R T
HDH, HRBEAYEICHEL T, TORTEEIEANE 3HE
R BRI TE 2 77 » 7o TEXRT B Du
> C, B—TERDRDENLSIEL 5 5L2TECDWT,
NG L O LR R L BREAIE, FEROPE Rk
DAL, SIOBED B - T BEIROMDORIE D
GEEROMWEHEID, ILIERELIE L 58
4 XEM]),

(8)

)

(A)

Fig. 4. Schematic illustration showing
how the measurements on each
leaf were taken

A: Bilateral asymmetry
B: Vein distance variability
C: Vein deviation index
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V.D.L = |ds—ds2|/m;

BL, da & doz XHEBE D B 5 ENRAMBEEE OB R
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Fig. 5. Flower of Nicotiana tabacum
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A

Fig. 6. Leaves of the tobacco varieties, (A)
developmentally unstable, (B) stable
A: Ambalema, B: C.B.L.
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BRI S © AR 0T, WA E LT, T
PR BT [ S > e b Dk, RO LD LT
5, TZ 2T a DEDELRRETL, —f, &
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T s, ORI, RDADDHEVHLHIESH S,

1) BT 53N To, kSRR L5
WA RT LS, Tiokb, IR RS B
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(2) T Mﬁf,

@) I X > T—EDTTAPE AR T8 (2l
BT L > THERLE 5T, LMY DILED
LIRS E D R miEDS, L OEEDE DED
Fited XD 55 eBETH D)

WS, EEFET L - BT

@) [FCEEoR TR T2 R X 5 il
7, REOFRLDOIELE F 13m0 E D,
T DROFRIF FTALEIRECE VD 5 EHT
H5,

£ Ly AT T 2 o 2 DIEDAFREN B

FHHE D vk LA din, Hicks o bR
At 16 BB 79 AR (L, &4 Ok DaliFE LT
FELU TG 8HDIEY & » T, EERRIEIERIE X
DREL I BEEETE o, WE, LRODIED (E—HH)
DEMIE (FRA) win aWRY P A (F702m) &

A (1—P) 232 & THEEMD 8BOIENIE &
B A M A i C b OSREEAREY
[P+(1—-P)p

DEPIC IO TRS N D, b UBICHRE), $LiE
TR B R R RS Y, P06 (-P) &
720, TP E A RN D R D S AR —E DS
FHWCRT v v ik a4 259, kbhm@()®;
5 AR —E D A MENE T B & Ziik, Bk
W PEioir 1—-P) 2805 X v b J“c >j<3?< uﬂ) &
HROSINETEH T <, IR P 7 < & 35
mh'kvwiaété‘iﬁxro (1), (2), (3) DT HITH YT D )
ISR B, P=(1—P)=05 O8BE DRSNS
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Fig. 7. Theoretical and observed frequency
distribution of plants having 0 to 8
left-sided leaves.
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Table 1. Theoretical and observed frequencies of plants having left-sided
and right-sided leaves in given numbers among eight.
Number of left-sided leaves 0 1 2 3 4 5 6 7 8 Total
Number of plants expected - 03 25 86 173 216 173 86 25 03 790
Number of plants observed 0 3 6 13 30 13 9 4 .1 79
X2=801 050>P>0.25

BL, 0 & 8 OMROMEREIINFE i DT,
FrlbETORMMGE—HB L BIEDEREMD
P=(1-P) =05 THAHRFEXETHZ &KL,
Fiekb, Llo (1) fBic X 5—Eh ik, 2) BEFS
X B—EHwt, 8) ki X 5—EH ik, ovTi
LR T LA 2RVl I oD
T, Sl &b L~ TEAAtRR L SRS R
B RIT (4) DBEXBRET B, BrH-7c 2K
FoODIR & b, FOLEOED (F—4G) OENET
HIUE +1, ATHIUE —1 &L, R UEHEAROIEC

BT 5 &, b LREARIC E PO RERIE  BED TS
B CJ5 % b ole Hil, RO 2 SOMOHENLE
Zieh, FERKEEAH0, Wi rEHRE NHIIIA
i BETHD, FRT COMEY LBNDE, r=
0.0266+0.0424 &7ch, =T, B H-7r2HDFED
ERAE, ThrthedEBCE s LEHshe,
Tichb g N aDIEDQEMEFINI, FREBECEEE
CEEAHLDOT, Tibb, HBPILHENTERHRE -
5EMNTES,

BT A RE AR EEO TSR, 8 2 FT T,
B, ZERRRIMEEZ B & 3808 o £ A AR Filkit 10 4%,

Table 2. Iirrxlstlz\FLx;}rfie\:itsxe(s)fofoic;lcxiz characters SR OTEF L, 100 £ L1 Ch b, 4 <310
T SCTR— % D\T?%%biﬁi’\‘flﬁ}%éﬁuﬁ-fﬂ 5 ° .
Variety v(iirsi;zi)ril]ci?ydei;igg;n as;frgrln(relreiry #2ke J' hiii ;Emﬁraﬁ?é%ﬁgi‘ﬁ’,&", TEE DI AR
(X10) (X100}  (x100) Btk 70 & O IENR O AT LB 5 &, Ambalema
Ambalema 436 19.39 419 & T.L 48A 1L, P THRERLERENE L, Sumgtra
TL 448 A 454 1877 502 & Connecticut Broad Leaf (3IEHIZHEEARLEMEIMVE,
Daruma 398 1627 3.99 Wi TH D, T OREENLEEDEN 2 OO,
Ibuski 399 1545 297 BHERa a2 THd I LITHEN SR D, TERE
Moore Field Franagan 2.91 15.05 2.67 DI &EEL, AR REE AR LT
Hicks : 311 411 347 Wb OB EEERED Bright Yellow & Hicks
Bright Yellow 076 1381 a5 RATKEECHLTHREELELR L,
Nicotine Free Tobacco 2.53 13.95 1248 ROFEHTRELEBIT 2 AT ORRLE 3 Fic
Virginia Gold 258 1131 3.07 AR o ‘
Sumatra 246 1171 240 I RIC I, WONORBEALEECKTY,
Conne;cticut Broad Leaf 2.25 8.62 2.15 RAEMER IR T 5, TTebb, RETXR
N EHLREN L O TH D, Fio, FEROTETEME
Table 3. Analysis of variance for three indices of instability in tobacco leaves.
Degree Mean squares
Source of variation ; 05 Vein distance Vein deviation Asymmetry
reedom variability index
Between varieties 10 41.0783%* 610.64%* 0.2378**
Between plants within varieties 22 0.4926 22.19%* 0.0443
Between leaves within = . 57 0.6019 1075 0.0530
plants within varieties

**  Exceeds the 1% level of significance

f
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BT L HEHIC BB AED B - 1,
2) TEICHBITBREREEN

TEDBE, Tibb, fEHLfbhoRzcMlT5#F
ALEERITFEARTRT, "

TERE D EGENTERZER, {EROMBERTERERKS LT
TERDIENER % I~ % L, Bright Yellow 2 3F K
TN E L, EOREARLEREDMEL Sumatra & Con-
necticut Broad Leaf 13 1L DR B AR EMEL HETE
618, HEOERMIL, TEoRFREERCE L Tinl

Table 4. In.stability values in floral characters
in nine tobacco varieties.

Interflower Variability in
variability stamen length

Variety in pistil Intra- Inter-

length  flower flower
Ambalema 2.08 119 197
T.1. 448A 1.31 1.07 1.47
Daruma 1.62 086 144
Tbusuki _ 1.35 073 135
Moore Field Franagan 2.24 1.01 176
Bright Yellow 388 132 189
Nicotine Free Tobacco 1.80 090 183
Sumatra 2.98 1.44 1.88
Connecticut Broad Leal]| 2.44 093 197

B :

B LIRS R,

B 5FhLILOBRHORERLERCBILT, MM
TR > TVWBH T ERYSMnETe T, BL, 4KDIE
ROFEEOBARTEMERC ST, MERCHst
CHEB LA LD 21,

3) BEORGAREMLEOREFAREHOMOBERE

HAED I RECONT, EORERLE LD
BARLEE ORI ORI LH~% L6 D@D ©
55,

BOHETHDL, EORERKELD 3 WOMEOR
CRECICIEOMBIBSRFE L T %, EATEDRE
REEHD 3 EOBE DI = b OS2 % 6
%o LU, BEORBEREEWO 3BOWE LIEDRE
FEEED SHMORMEDH OB ThOBHE L AT
s, £ 2T, BORERREN & EORERREED
FHREC DT, HEROERERICT B X5 fo I
#lE o fe, HPIER O EIE, GOULDEN (1952) o
FHC X > ey BHMICHPIEEIIKD X 5 Th %,

EORBEARLEOHIRER (L) 1%

L =2Y,4+6Y,+3Y,
BL, Yi: FEJREBEE R
Yy: BROPPATH
Ys: BEROEAETHIM:

Table 5. Analysis of variance of three indices of instability in tobacco flowers.
vDegrees Mean squares
.. Interflower Variability in
Source of variation free?(gom variability of stamen length
pistil length Intraflower Interflower

Between varieties 8 2.0573** 0.1264* 0.3101
Within varieties 18 0.3657 0.0456 0.4572

* #*% Fxceed the 5% and 1% significance levels, respectively

Table 6. Intervarietal correlations among instabilities in floral organs of tobacco.

Vein . interflower Varability in
deviation aB‘ﬁfﬁrﬂ variability in stamen length
index sy etry pistil length Intraflower Interflower
- Vein distance variability 0.9170%* 0.8102** —0.4961 —0.0132 —0.3139
Vein deviation index 0.8517+* —05018 —0.0747 —0.3832
Bilateral asymmetry —0.3533 —0.0219 —0.1666
Interflower variability
- in pistil length 0.7474% 0.6466
Intraflower variability )
in stamen length 0.6103
*  Significant at the 5% levels. **  Significant at the 1% levels.
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TEDRERLEMDOFIMELL (F) 11
F = 3X4+10X,+9X;

BL, Xi: 4KDENERDIEAE R
Xz 4 RDEAEROTFEEOMAPITERZER
X3 (EREOR 2 O@EENTERZ R
LD L 5 R CEORERLER L TEOHEBTARL
EERLTELETEORTEY TH 5,
EORBETAREE OB L TEOREARLE. DD
MIOBRE NART 5 &, ESRRTEDY TH S,
HORE LD s, EORBREE. LIEDHBERRE
HEDORIIHE B OHBBEGR LD 5, F & THEIR
BastE+nl, —03145 T, HEHICEZ TV, R

Table 7. Comparison between foliar and
floral instabilities collectively
expressed by discriminant func-
tions of tobacco varieties.

. Foliar Floral
Variety instability  instability
Ambalema 2.161 4199
T.1. 448 A 2.129 2.960
Daruma 1732 3.156
Ibusuki 1.658 2.464
Moore Field Franagan 1.567 4.079
Bright Yellow 1.444 5.778
Nicotine Free Tobacco 1.417 3.720
Sumatra . 1.265 4,994
Connecticut Broad Leaf 1.030 4.485
o) o
= o)
;?ﬂ [¢]
k : o
£ o o
o
o

Floral Instability

Fig. 8. Interrelationship between foliar
and floral instahilities collectively
expressed by discriminant func-
tions of tobacco varieties.

=T BEL W, BOREREEMLEILDORBTLRE
HERIEORETRIC Y » CTHERIR T3 4D
Zbhs,
4) ELHBIIRERRELDERER
FIRCHTILRED 5 b, 8 HifE (Ambalema,
T.1. 448 A., 5%PE, 3575, Hicks, Bright Yellow, Suma-
tra, Connecticut Broad Leaf) 122\ T, ERHAE 2T
I LT, £ LT 5 3 MORBREEROHE
AT o 1ce O EFTDRERILE 8 IR T,
Table 8. Analysis of variance of three

indices of foliar instability at two
years in eight varieties of tobacco.

Mean squares

Source

urce Degtees — o Vein  Bilateral
variation freedom Sténce deviation  asym
Varjety 7 3.9889%* 51.0829%*F 2.3763%*
Year 1 0.6697** 179.3747%*  0.4692
Variety X Year 7 0.0566 4.0501**  0.1683**
Error 32 0.0405 09122 0.0377

* Significant at the 5% levels.
**  Significant at the 1% levels.
FEIWORER? S BEMERIMETHCEE TS
bo FOTHERIZL BRHRE 2D &, FERONFTH,
1% KETHTHNCHE TH - 7o, FRMEREEAREI
5% KEETERBRPFETINCEE TH - 7o Ll
BROLE RN FUEIL, FRORALLDLIILH -

%A 20
—_
4 T 4 \IT\
-H
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TTe— 0 T 6
3 3 B
H 1
\ 1 A
B D
_ = H s
S . L \ 8 / c
\ s
2 ¢ \ 2
c
961 TR Y 6l 62 6
Vein distance Vein deviation Bilateral
variability index asymmetry

Fig. 9. Variation between years in
developmental instabilities.

: Ambalema B: Bright Yellow

: Connecticut Broad Leaf D: Daruma

: Hicks I: Ibusuki

Sumatra T: T.I 448A.
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Too FIAERE Lﬁ]@;@*ﬁﬁffﬁﬁﬁfz& % L BEROAFATIE:

L HEBOLEATRFTEC OV TIEKHIN T BB TH 5
7, FEIREIPEMAREIFR & MEOHEERILA &
HRILH o loe R L ARBIAREROBE KT
HEHIRDL S TH5D,

9 X2 B EENRDAEATH: & FEUR P B 2 R,
1964 4EDFHY 1962 SE X D {2 & pVbehs B, RO
FRRFRELL 1964 SEDH A 1962 4E & b ZU MBI 23D A
Mbhb, FBIROLLATHFEC, T.I 448A. 1% 1962
F L1964 FC, FEFIENIR - T B,

5) EQBEMBCLIREREEHOER

Wi & Fo 8 >\ T, EOFEMBICL->T
RETLREWNED L 5 CET D0 h 5 oDt FEy
EfTlsote, F—TLEOE TOELLLL, HELS S

SO, ERMEEMERE, FEROTFITE ZE
BOEETRAFED SEOREBINEEE LA L, %
L CHEEMBEETEDHT OEMS B (RI) oFi~H
RBREFEFC TR L, ZDOFEMBRY TORER
REEDOFLN T TN,
GROHTRATIR » IR R A I TR T,
FIEML SHOHEORERIERIMIINCEE T
HbH, BEMBIC X 2RETRCEEOZERIIKHNCE
Blamahio, L LEEMEE Ml ofolE
TEEL, BEIALRERD 3 2OMETCWFRLEETH
Lo TOZ LY, MBICL - T, Bl BENBELD
AENBVCHERLERE Y RT R EKRT 5,
T, EEEEMEOHEERT b)) LT
FTB DT, TR IhcHFEMELY B LT (T

Table 9. Analysis of variance of three indices of foliar instability at
seven height-levels in eight varieties of tobacco.

Mean squares

Source of variation Df?—%;?i%sm()f Asymmetry VS;I}i(j{)Sitl?tr;rce Veiniﬂg\éiftion
Variety 8.8271** 13.5624%+* 107.8821**
Height 11173 0.2772 6.5863
Variety X height 42 2.5493* 0.3695%* 5.5284**
Error 112 1.5364 0.1608 2.9025

*, % Exceed the 5% and 1% levels of significance, espectively.

0F), i L OEEH R0k © 3RS, ER
MM EREC SV T 7oy P LEDORE 0 TH S,
FI0®ELD E, RERLERDOE Ambalema ~
T.1. 448 AL 1%, PREEEORKEERLEEI R bEV DK
L, RBERLEEDMEL Sumatra, Connecticut Broad
Leaf i3, FIEDORKBENLEMED, THIEEL EZEDHR
BARLTEEL 0BV, T7hbb, BEME TOPED
RERRERT, REALEEOF/CRETEL VEL X
D, FEERREROECBHETE VEL L5, bbb,
RETRLERORFEREZER I PMIET, FIREk
b, EORBAREEDOMD 2 >ORE (BEFOLEHER
KRR & ZEIR O AREATHE) 1\ T b FEIRRIBEMEZE R
EABEDEE R b, XTI T, PRIEIERRR
T8 & DO, —f, EOKREILMANEHELD LD
TIhHIM, ZORMEM L, Eokx X (FER
TRE) 12T LB 7TRS LT, FUENLST
HEE TOE(A LI ONEINRTH 5,

11 @GR4 & 5 CEORE JiL, BFENPEHF
P L TAIEEN A XV, BT X » T, FAEENRTAL
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Fig. 10. Relation between vein distance
variability and height-level of
the leaf on the stem in eight
varieties of tobacco.
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Fig. 11. Leaf size (length in cm) on seven
height-levels on the stem

X5,

v HE3H EORBFRAREMDIATULASH .
s htc B fE 1L, Ambalema, T.1. 448A, &,
Bright Yellow, Sumatra Connecticut Broad Leaf ®

6 TH B, L
ZOMEDRR A ST &4 T VRHER T s 12,
FUCRMR SRR 2 @RE TR Lz 1 DX
IO REGEHRCC S B ERICEATHEMMK L L
foo PERITIC»7o013, BATEHE 1BRHAD 2 BHEOMH
TH5B, FEFEIE LD LFESX 0 & LEHICH
> TIERIC 1 235 15 i E THE A2 2T TRE LI HF
FREEEDONE & LR IEIRMEEAE RN L RO
AR, Bifi& BREOFETHE L, IR
PRI EMT, 6 F A OIS 10/ E T TOELONT
FE Ui, EEOAKMIL 15 OB LM FAE L
Foo &4 F VA OSESHIC L 5758, HAYMAN
(14) DRIt » THTE o 7,
1) RORFAEELOMOBFK

Table 10. Diallel table for genetic analysis of vein distance
’ variability in tobacco leaf.
_ Ambalema . Bright Connecticut Daruma Sumatra T.I. 448A. .

Yellow  Broad Leaf : : Total

A B C S T
A 3.690 3.650 2,675 3.880 . 3.880 3.700 20.830
B 3.860 2,775 1.980 2.455 2.400 2.900 16.370
C 2.700 1.940 1.670 2.395 1.925 2.365 12.995
D 3.730 2.830 2.630 2.985 2515 3.615 18.305 -
S 3.280 2.340 1.935 2.625 2.135 2.555 14.870
T 3.630 3.340 2.435 3.595 2,775 3.540 19,315
Total 20.890 16.875 13.325 17.935 14.985 18.675" 102.685

Table 11. Diallel table for genetic analysis of bilateral asymmetry
in tobacco leaf.:
. Ambalema Bright  Connecticut Daruma Sumatra T.I. 448A....

‘ Yellow  Broad. Leaf : +  Total

A B C S T
A 3.806 3.297 2.820 2.907 2.328 4,029 19.187
B . 3.661 3.260 2.913 2,315 2.779 2.962 17.890
C 2.871 2.857 2.612 2.376 2.445 3.239 16.400
D 2.964 2,908 2.563 2,948 2.491 2.949 16.823
S 2.529 2.594 2.279 2.168 1.897 2.595 14.062
T -3.544 3.234 3.401 2758 2.589 '3.977 19.503
Total 19.375 18.150 16.588 15.472 14.529 19.751 103.865
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BN 6 BB x4 T L AR, ERL
PEBREAE AR D\ T 10 3RiC, IR 0 A SR Rk i
DTS 11 RIR T, RIS S - BRI BE S B
OfEr, 1185 M3E-c 2 KK 10 EEOFEME T H
D, FERDOAXFE 1 15 5 oiEc 2 [TE 10 EE
DFAHETH B, :

105 2 5 1L KON LIC b 5 BEEOEL 35
EmBd L 5ic, Ambalema &, T.I 448A. ARE R
GEEWEDOEGAET, B L Bright Yellow 23805,
&, Connecticut Broad Leaf & Sumatra 3B TLE
PEOIEBEETH Do 3T, BE LTH 726 BT
1} B IR IR B 1 IR D 2 A A B D R (8
B, +0.7767 (d.f.=4, 5% kH#E, 0.811) & iy
WIEER R L, BB TR/ L 15
D Fy, oREOER 55 & +0.6148 (d.f =13, 5% K,
0.514) T, kY IEFILE L, BAEBECALWZED
HIBEBEERIL, Fl kW Th < Fhbd o Lidil,

2) FEBREOREREEMEO S

HEIRAERE R & BROTHHIEZ OV T, B

EED R EREET D o, R—{(P+D)2 2RkD
2o {HL, Py & Pit Fy OB L7 -0 b DOETD
B, Bbh-fERL, ERBEERERACBE L TIH 12
£, FROLEEFHFHHCE LT, 8 1BRRT,

H12K LB 13F R LD L, f@x DRAERITENT,
Fi—(Pi+Py)/2 ofEid BREYR LT 5B —EOBEL
LR, Stke LTroVfEy &5 &, EIRME
BETE RT3 O SEH{E 2.808 1k LT +0.064 TH D, FE
W D ZE AR FE CrR B oI E 3.083 it LT —1.189
BTT, SO L, ENRMERARETEEL A
Sioh, EROLAHHEEPERL VES B L
ERLTVE, FOMERWTRLIENLERCREL
T BIEE Bt o LR ot Tiobb,
BORE, ERBIERERET 05<p, BIROLELETRSS
B3 02<p<04 TH » 1z, Tiohh, MOEERELE
PRV RIBEIC ~ 7 0 Ts = 1270 ORFRI DORIRITIE
LV b, o '
3) ¥A4TLLDH o

EIRAPE A S & RO AR HIRIZOVT We

Table 12. Comparison between parent and its Fy in vein distance variability. ,

Ambalema  Bright Connecticut Daruma  Sumatra T.L 448A. |
Yellow  Broad Leaf Total
A B C S. . T i
A 0.418 —0.005 0.543 0.323 - 0.085 1.364
B 0.628 —0.243 —0.425 —0.055 —0.258 —0.353
C . 0.020 —0.283 0.068 0.023 —0.240 —0.412
D 0393 —0.050 0.303 —0.045 0353 0954
S 0.368 —0.115 0.033 0.065 —0.283 0.068
T 0.015 0.183 —0.170 0.333 —0.063 0.298
Total 1.424 »0.153 —0.082 0.584 0.183 —0.343
Table 13. Comparison between parent and its F; in bilateral asymmetry
Ambalema  Bright  Connecticut Daruma Sumatra T.I 448 A.
Yellow  Broad Leaf Total
A B C D S T
A —1.180 —1.945 -2.350 —2618 0.688 —17.405
‘B 0.640 —0.115 ~3.945 1.003 —3.283 —5.700
C -1.690 —0.395 -2.020 0.953 —0.278 —3.430
D ~2.065 —~0980  —1085 0.343 —2.568 —6.355
S —1.613 - 0.078 0.123 -1.273 —1.710 —4.395
T -1.738 —1.923 0.533 —-3.523 —1.740 —8391
Total —6466  —4.400  —248  —13.111 —2.059 —7151
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EVeHEHE L, (AL W 26208 EFD FL 1T &
DEDHGH, Vot AFOHTHB, £4 T v sy
Wraed 280, EE6>OEENZTBRS,

1) Zfsthonpstar L 5,
2) MEAERORIEN L,
(3) ACHEAFEAE L,
)
)

N

BRALRET AR ER,
5 Bt A=ThB,
6) BEFXEOMICHICHH LT b,

CSDENDOFFTIL, (1) & (B) DREER S Do
@) DlRTEL, HERAHE T LTS 0To DEE
bMEIND, abi, ThHOEEIMRIhDLD
2, W=V, oi—aER Shid i b g
(HAYMAN (15)). W,—V, 04 RET 5 rodic sy
B s LisksBitsg 14 KTh 5,

Table 14. Analysis of variance of W, —V,
for bilateral asymmetry and
vein distance variability.

Degree Mean squares
Source of Bilateral Vein distance
freedom asymmetry  variability
Variety 5 0.01071808 0.00162576
Replication 1 0.00830288  0.00272707
Error 5 0.00538496 0.00190372

(Wo—=V.) ofEivs, SENRMPEMLE RN & 50 A AR
RHEDTEST T, B L BENEEE DL DBRI-
DT —ERED DI, Lip > TRIEOSEILR
REIRTHD L a5t

W MV, 2B & o T 2 DR KR
7wy b LTEHD L, ENRMBERRMCE L T8 12
R, FROLEERHHIECE L TE BEO L 510k % o

BRI, WE=VoVe o X bskadie, (BL V12285
BOGETH 5, FERERL, W=V, +W,—V,
XoRidte, BL, ZoOBRBERE Wi=V,V, opyfl
TOAMILT % (HAYMAN (15)),

RIS h 7 iR & R ERITK Oln < TH5B,

BEIRMEESE R o\ T
W2 = 06256V,
W, = V,40.1085

JENE DI AT U T
W2 = 06063 V.,
W, = V,4+0.0918

TENRTSIBRAEZE R & 3508 O JE AR DU T
R & BRTERIIIE & A KRN,

A 2 3 4
Vr

Fig. 12. Diallel cross dominance relationship

in terms of W, and V, for vein
distance variability in leaves of
Nicotiana tabacum.

O Ambalema 2 Bright Yellow
[1 Connecticut Broad Leaf A Daruma
W Sumatra ® T.I. 448A.
[ 1]
y
,/

- //,

u

d /
7/ &
A .2 .3 4

Fig. 13. Diallel cross dominance relationship

in terms of W, and V, for bilateral
asymmetry in leaves of Nicotiana
tabacum.

O Ambalema A Bright Yellow

[J Connecticut Broad Leaf A Daruma

M Sumatra @ T.I. 448A.
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O CETPDICIE O EARHELY R THE 5,
Wedk Ve VNS CEEEHERTY S FHF-> T 5 2 &
Z7e % (HAYMAN, (15)), #8513 X » Ambalema {3,
B> O BERT oI v &5 2 b5, H1L
RTRD LS oML, HEARESR, RIEFIL
EENEL, AR LT, T.1 #48A. ERET O
Pl 2% EE L, Sumatra IMEEET Y %<
HoTw3,

FWROLATHHM I L CEERT A S - T
DLONBIACRE Y /e b X% &, &, Sumatra,
Bright Yellow, Connecticut Broad Leaf, T.1. 448 A,
Ambalema &5 Z LT e B, Ui LT 4 BOREHD
ERITFRA ETs\ 0 ST, BERLEME DR S DA
~NBE (B 11ES), T.1.448A., Ambalema, Bright
Yellow, 3B, Connecticut Broad Leaf, Sumatra DI
Cieh, SO &L, BEOELATFHER, B
ElaE - T bz EwmT, Tiobh, TAHEDOR
VW T.1. 448 A, %2 Ambalema 125 b R TF 2307 <,
ARFEOEL SIS  OBHERFARV-EHE RS,

FEIRMEMARE FLKER) €2 Th D &,
Connecticut Broad Leaf £ Ambalema 734 HF% L
D> T D, BHUETFEIDEIEF>TO2HF
(W V. fED/NINZGTTH S DIE) 1%, Ambalema,
Connecticut Broad Leaf, Sumatra, T.1. 448 A., B,
Bright Yellow T3 %, ZENRMIFERELRME THIE S vk
BERRERORS (8 10%2MH) 1%, Ambalema, T.1.
448 A., 5£PBE, Bright Yellow, Sumatra, Connecticut
Broad Leaf IETH %, T7cdb, HIRMEHERED
E\ > Ambalema & B[R HIPEREA SR % DKL » Connecticut
Broad Leal O FIMEERTFAEFH->T b LT
B, ZDO &L, Ambalema A BT (# 5 L FENRMEIIESE
BERMTE - 0MEM: TS b, Connecticut Broad Leaf
RS BB D D Z EHR LT 2,

FI2REFIBRKE Y, HHEE (H) 3ok (Hay-
MAN (15}, k3> %Kik

H = yAB/JOB

BL, ORESZRL, AROYRER L filhs 0588,
Tl W~V OFHETH D, BILEIREREF
RO OBER & Gt DT, 1 Vi (RS
) OfETH 5,

= o H offy,

H=00nk¥, B\,
I>H>0 08 %, @k

H=1or%, 5&iEk
H>1or %, Bk
AT,

B0 L RS H L EEIE O AR Bt Tk 0.6278, R
(BB Bt Tit 06347 THh - 1o, T78bbh, EFED 2
SOMERVTh LTS EE LR T RSN D,

Wiz, HAYMAN (14) /T # 4 7 v vk 105,
11E) 2 X SROMHW Lic. sERIEE 15 R]TRT,

Table 15. Analysis of variance of bilateral

asymmetry and vein distance variability
in a diallel cross experiment.

Degree Mean squares
Source of Bilateral Vein distance
freedom asymmetry variability
t 35 .510064** .829693**
5 2.781588** 5.231891**
b 15 189180+ .156339%
by 1 .565648 .040747
by 5 .063000%* .133620*
b3 9 . 217408** .181805*
c 5 .074768* .030908*
d 10 L073272% .038016*
B 1 .020740 .026835
B: 35 015244 .022355
B. 5 .019748 .007688
By 15 .012145 .040312
By, 1 046192 001480
By, 5 011916 032635
Bs, 9 008488 .048891
B, 5 .011460 004398
Ba 10 .019500 011731

*  Significant at the 5% levels.
**  Significant at the 1% levels.

(HL, tiZREOEYRG A ERIROEE, a LBR
HOTENEOMOER, biLby, by by DFFHT, all
BELSWHERZH A &5 LER, b OESEER,
by IAFEDE I HEMEOFEE, b MEEHATOMH
BT TORY OB YEbT, &% OBRHR
TOFHEOMFAHOINE, d13 c R L WHERE
HOMBCRT 2ERYE DT, BIREOHR, B i
8 e XROMKIER, Ba-Beld, REEERLO
% & DR LT DHEERTH %,

1S EIC LT, a R, ERREESAR L, iR
DERTHEFHEFR S &£ LMACEE TH 5, EHE,
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Table 16. Distribution of developmental instabilities ‘of parent, F} and F,.

—— 163202428 >32«—36c40—>44«48.—. 52— 56——Mean

Vein distance variability

Pl 8 1 178

Py 2 5 1 2 458

F 3 10 6 1 273

F 1 4 12 11 7 3 291
Bilateral asymmetry

Py 3 1 3 2 1 2.47

e 1 1 2 1 3 460

Py 3 4 1 3.40

By 1 1 11 5 5 5 1 o377

Py: Connecticut -Broad Leaf P,: Ambalema

ERR () DIEEA DN, a R L BHEHTH
LI EBbhb, Tihbb, RETRERLEETOM
IMETRIRAK E o F 1 b BRREINCEE TH D = L
b, B BRI A EDOND, Z OEHERT, FiH
E%ﬁ"*ﬁ'k& R HHRT 35 2, — 7 fi’fﬁkkﬁﬁim 7o
o (& ;ﬁ%ci %E&T&F&ﬂﬁﬁ%ﬁ%i& LR O AR 4‘43\ e
Oﬁﬁf, et E’Jkﬁ‘g Lk f.s:k o) BHRM TOFHD
Wﬁ@%O%i m,M%K@TﬁJMVﬁnfév
i ’%ﬁ%ﬁﬁf @?%@Hﬁﬁc%@iﬁik b *Efiic
%Ok()%itﬁdmkﬁﬁfévte
% 4 Eﬁ RERLEHUD F; 58
EDRERREDOD A Ambalema & RE
DEL Connecncut Broad Leaf AL, WE, F
aLﬁLoﬂf% EHDRENTEE LT,
H é®MF&LTR,w%&H%L¥WﬁE%
Eﬁi&%fbm@fjﬁﬂ“x\]‘ﬁ A B e, BRI DT
BONCHEES RIS 6 FRT,

Table 17. Variances of parent, F} and Fy,
number of effective factor and herita-
bility of developmental instabilities.

Variance Vtz]i;lﬂc;i&tﬁg’ce asB;rirlgxts:ly

P 006902 ©  0.3043

R 0.08503 03624

ot 0.30832 0.6881
Number of effective factor '4.38 1.74
Hetitability 07242

- 04733

FoWE P Py OREARZERCET 5 HHR5%
wEE L (817 %),

B, Ffl (P) oL, TEO& « D5 gD TH1E
TH5H, EEDOLELETAFMDHDSEE Connecticut
Broad Leaf o458 ¢4 5,

HERNERD 2 >ORMEC ML TRERE (MATHER
(@) BFTE 10, b LREDHS THIUE,

¢ = [4Fy—2/—P1—F3)

DIIFEEOREN THE /5, ENRBEMERED ¢
DfE: —0.2892, FREERFAE 2.3431, FHEO LA
P ¢ ofiiy 11974, $UE{REIL 3.6150 THh - 72, TENR
P AR S & SR O LEATFHFHE DT o ¢ DY,
B o> TN T LD B, CDC LIXRERE
FEHED 2 DOPEE S bHMBEAMRI TS & & 2R L
s,

T, EWRMBEA RS\ COBEGigke 25
Ly R, By CHEEPREC > TV 5 2 LI B TH
%, HTENLWH, Fi F OSARb L, WL
Fy o5 LR A EEN VD, T OSBRI Ry
DFRIT L ERTIRFITRE N, T2 CEIRTFRE S

k= (Pi=PoRI8 (Vo= Vi) ‘

S )] kﬁ)to%*%’:biﬁ 17 ﬁ@ﬂifﬁﬂ)ﬁk@ﬁ'fﬁé X
51z, FENRRABEMEAS S A LT\ B R AU LY
4{8 (k=4.38) TH 5, '
HEROEBRHFECEL TR, FUHE 16 %4 17
FILRENRTW B, HL, &2 T—FD#HD Ambalema
VR EGEORENE L, FH UREN TOT BRI
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KEM-712DT, B 16EKER) P oS, iFoE T
# % Connecticut Broad Leaf X 018758 17 £ T4 5
L5, PR OGEIKECENLVY, Fy OFik
ERD LD BILDZMCARE, ThT, FEIRMHERE
B LFACLO QLT BRRTHAHE L LA,
FIUE 174 TH - 1,

(Via— V)V THEE UTRIE T, ZEIRMIEEER
VR T 0.7242, FEIR O SAEARRFRME: T 04773 TH »
o (817 K),.

Fy R CHENRMBEM A R L R OIAR N Frtk o
MOMEA LbRcbl b 401714 TH o1z, ZOf
L, BT LB~ SRR (+0.7767), Fy DR -
rEEFRIE OB (4-0.6148) 1T < BATRRD THEL,

iz Ambalema & Connecticut Broad Leaf m#iX
THOENZEN R DD NED oD, 8 ik
Fie -1z, FERITE 18 TR,

18 FEh, T OURME NI, HEEHC L

Table 18. Analysis of variance for recip-
rocal Fy’s differences of develop-
mental instabilities.

03, WEPRRIEMA RN F BB OLETAHEOM S
BHaINieh -1,
BE5H RBAREHOMRER

RIESRICTHZ LI L » THRERLEENED LD
CERT DY RNDL DI OFERY T - 1,

it 4L Connecticut Broad Leaf, 1575, &,
Bright Yellow, Nicotine Free Tobacco, Virginia Gold,
Sumatra, Hicks, Coker 139, Coker 316, Coker 319 ®
HEH L BETH D, Bix-cBESL LTMI (KRR,
=B (BRR), BE (SRR, KF EE), =5 (m
SINB) 05 ATEEALL, BHINC, &HmED 15~20
EfFaREE L, EECRA 4EFT OG- THRER T
o720 HEBRREMOPE L LT, EIRMEHZEEAEL
BN O LELAFREA Vo,

£ & OBFTTCOMBOTHEY, FERBIERZEREC
DT, B 19%K, EROEATHTECH L T
20 FimR L7,

IEPRABEEE AR A 2 5 &, Connecticut Broad Leaf
HECoBPICERE S T, Bk bREREREL.
Epvoto, F1o, 2, 875, Hicks 12& Z oBpTICH
FEXhTHRERLEEOENRCRETH - 1o, E

Source Degfree Vein distance  Bilateral B o s ‘
freedom variability — asymmetry T8 D ATt TIEBET 4 20 2 CES L T 4 Sumatra
Cross 1 0.012801 0.273079 2MEL, Coker 319 23\, Z HEIRMIEEMARIEDOR
Replication | 1 0000418 0.371826 Hag LTI — RS AR LT 525 SO
Crossx Rep. 1 0111601 0.000572 EAAKFEC B U Cia MU o BRI Fig L TE
Error S 0.092606 0.389955 @%%Lfvéo?&b%,MMugwﬁﬁﬁm~ﬁ®
_ REEANLERDORB 2 &0, MTOREALEE DD
Table 19. Variation among locations in vein distance variability.
Location

Variety Oyama Mishima Iwata Mito Hatano Total

Connecticut Broad Leaf 1.71 1.74 1.73 1.77 1.78 8.73

Tbusuki 2.78 259 301 2.48 3.65 14,51

Daruma 2.85 3.02 2.87 2.97 2.49 14.20

Bright Yellow 2.66 2.33 2.36 244 2.63 12.42

Nicotine Free Tobacco 2.58 2.48 2.26 221 2.14 11.67

Virginia Gold 2.14 201 2.18 2.09 2.34 10.76

Sumatra 2.64 216 1.80 2.49 2.31 11.40

Hicks 3.37 2.56 311 271 3.07 14.82

Coker 139 3.32 2.25 2.24 231 2.36 12.48

Coker 316 2.64 2.32 2.29 2.62 2.46 12.33

Coker 319 2.64 2.38 2.56 2.58 2.70 12.86

Total 29.33 25.84 26.41 26.67 27.93
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Table 20. Variation among locations in bilateral asymmetry

Location
Variety Oyama Mishima Iwata Mito Hatano Total
Connecticut Broad Leaf 2.24 2.40 2.61 2.82 2.45 12.52
Ibusuki 2.42 2.82 247 2.40 2.52 12.63
Daruma 2.04 2.51 223 241 2.34 11.53
Bright Yellow 3.21 2.61 3.31 3.42 3.40 15.51
Nicotine Free Tobacco 2.87 271 2.57 3.36 292 14.43
Virginia Gold 2.84 2.86 2.66 297 2.97 14.30
Sumatra 2.55 1.85 2.34 2.00 2.26 11.00
Hicks 3.44 2.72 2.88 2.49 3.28 14.81
Coker 139 2.40 2.88 251 2.52 243 12.74
Coker 316 2.33 2.60 3.28 2.46 277 13.44
Coker 319 3.09 3.34 3.31 ' 3.06 3.68 16.48

Total 29.43 29.30 30.17 29.91 31.02

Table 21. Analysis of variance for local
variation of developmental

instabilities.
Degree Mean squares
Source of Vein distance Bilateral

freedom  variability asymmetry
Variety 10 2.5106** 2.4244%*
Location 4 0.7031%* 0.1718
Var.x Loc. 40 0.2343** 0.3010
Error 165 0.1080 0.2952

*x  Exceeds the 1% level of significance
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ST LIRS R 21 Ricat,
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OFE L b, SEMAERIFENCEETH > 7o, HiF
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OHEIER & FFHHNCEBC 2B eh o 12,

FENRRA B Bt & BEIR O R RN BRI oW Tk
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Table 22. Heritability and repeatability of developmental instabilities.
| Heritability
: Repeat-
Character Oyama Mishima Iwata Mito  Hatano Mean ability
Vein distance variability 06435 05649 07385 04388 05188  0.5809 0.4309
Bilateral asymmetry 0.3105 0.2106 02356  0.2670  0.2924  0.2632 0.2636
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BOERITERIRA EED o, TDI &I,
FROEARAFHRM RO ZE Y 5 ey 2%, FEJRR
PR RTINS B Z LR RT EELLR B,
F6H TERBOTEAERICLHIONIBENE
F2MTHE LA LABCEN 1 RKOTEREIRVTH
IERDOIEARBEDOER (ow) 122\ T, ¥ L Bright
Yellow OZZHE Fy L WBARE Lic. TO/BEXTRB L
FOMKRFTHCOWCTR LIS DRE 2B R TH B, 2D
R 2EMOBRMETH B,
H2MOEAEN L5 X1, EEREREOIE
NERIVP X WFEETH D, Bright Yellow ik &G
EThHd, WEARAROIEAERC DWT4EOEKET
RlAaRKENHLBIH X5 &, Bright Yellow, Bright
Yellow (?) X £E (8) Fi, 2E#E (?)XBright Yellow (8)

Table 23. Reciprocal difference of floral
developmental instability in
Daruma X Bright Yellow.

Bright
Daruma o p  BxD  Yellow
(D) (B)

Intra-flower variability
in filament length

1963 0.8623
1964 0.9445

Total 1.7068 1.9537

0.9599 1.3356 1.4218
0.9938 1.3537 1.4476

2.6893 2.8694

Table 24. Analysis of variance of
developmantal instability
in filament length.

Degree Mean squares
Source freadom 1963 1964
Replication 1 0.0063 0.0028
Between genotype 6 0.5575*%*%  (,3235**
Between cytoplasm 2 1.6009**  0.9409**
Within cytoplasm 4 0.0357 0.0148
Error 52, 32 0.0261 0.0150

**  Significant at the 1% level.

F, EEOIETH %, Bright Yellow (9) X () Fy,
& FEEE (9)X Bright Yellow (8) Fy Ok & fe 2%
By, HrPFORBEOFTILCE, Bz ds,
BERSH B R ED BRI, T, BEOVHE
Fi ORIz,

SR LIRS 24 iR, 24 FPHED
HHEN ZEEEN N TS0, ARELLFR L ->T
HAEEE R 21D TH B,

H24Fkr b, BETFH, JhbbEE (D), Bright
Yellow (B), DX B, BXD o0 R e iET
BB Db, MITEOER EE L DXB X BX
D & Bright Yellow) B#EIOCEETH 525, UM
FENOBEFREOZER (FEEEL DXB 5L BXD
& Bright Yellow O R) (IBE T\, 2D LIXTE
FEDOIEHER TEIE S h e REARLERTHITE 0%
ERRECZEERLTN 5,

BTH LNRFHY/CAOTERORE

W R F H &s%a (Nicotiana rustica L) o5 fE, H161,
Brazilia, Rustica, F#, Mahourka @ 5 & L, &
T 5 {EE % 5B TIRE TR L, BEEICOWT
BRTE LI IEE 7 TE A ERICHI 40 B2 B - TIER B 2 3
KLl VRFHEN2DOEL, RO 2 xaDIELH
B, BE, EAh% ATk, TORD 1A
HIEV, ZOEV LADIERILOR 4 ADTER &
BRBCEREhE, ThT, ToOEGIERTEELACL
T EABATES B o) KIRRCTER %
BITE U CHT7e » foo 5 14 BRI, 8V LADTESA

Fig. 14. A diagram illustrating disposition
of five stamens.
S: The shortest one of five stamens.
O : Pistil

Table 25. Method of estimation for genetic correlation.

Degree of . Variance . Covariance
Source freedom Variance component covariance component
Bn. Variety 4 M, ‘ Ug+50'% St Jexe+50gxg
Wn. Variety 20 M, o Sz Gexe
83 = (My—M3)/5 dgxg = (S1—S2)/5

Genetic correlation; 7g = Gexg/Véj X353
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S ELTUTL 2, 3, 4 LH/EDT% LI

REARLKEEOPMEIIERS, 1, 2, 3, 4 D& £1IDL
THEAPITER DRE#ER2E TR L,

5 AKDIEAR R L ORETRERCE LT OB B
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T OSSR HT X 0 B 25 RTINS AT » o

54 O 1L R EDOFHlH FIEIC D\ TH 26 TR
To BRI THLDERKEDL LD
MBI HTH B,

H26F, FILELOBEOEACIERSIE, fGo4XD
TRt LTy, 270, BV 4KoTERD 5 itk
2 1B 3 LR L & 764 4 W Bl LT Lo m A
BMEICAR DI B, HEGP LIRSS 2T R0 L]
DR,

Table 26. Stamen length in N. rusutica (mm).

Table 27. Analysis of variance of stamen
length and its developmental
instability in N. rustica.

Stamen .

Variety 5 1 9 3 4 Mean
H-161 8.1 99 96 96 99 94
Brazilia 74 91 88 88 91 8.6
Rustica 82 101 99 99 101 9.7
Maruha 86 106 104 105 107 10.2
Mahourka | 82 99 98 98 101 9.5

Mean 8.1 99 97 97 100 95

-~
e
/,\\\\‘ — _//
/
tm / B
1.0F / ,’h\\‘-\ ,—;’/"

0.9

BRAZILIA
H-161

————— MAHOURKA
e RUSTICA
————- MARUHA

0.8

S ! 2 3 4

Fig. 15. Graph showing length of five
stamens in five varieties of
Nicotiana rustica.

Degree Mean squares
Source of Stamen Developmental
freedom length  instability
Variety 4 7.8034%* 8.6696%*

15.6774%* 0.5148
61.2500%* 1.3562

Stamen 4
1
3 0.4599%* 0.2347
1
2

Bn. S and other 4
Bn. longer four

Bn. 1,4 and 2, 3 1.2996* 0.4900

Whn. 1, 4 and 2, 3 0.0800 0.1066
Variety X Stamen 16 0.0286 0.8631
Error . 100 0.0547 0.7200

* #% Exceed the 5% and 1% significance levels,
respectively.

20 HIEARROMERERIFCEE T
B fE4S, 1, 2, 3, 4 DRXDERLMETNCHEETH
Do FTo, {E4RS &MBOTENR (1, 2, 3, 4) ORIDERY
P AE TH O ik L, 4 LTEAR 2, 3 DHDERL
FEtCHECTH D, bbb, TERECBELTELS
W, Bk L, 2, 3, 4 BRI h, E5fER]L 4
ETEX 2, SOMLRERIEh B {4 L & 4 DMOERS
LT, TR 2 &3 OMOZERITPA TR, Flofiflis
TEARBLE ORI DM AR LB L bty
IO ETEBRENEEHCREL 2 &, 1 ADTERM
I ERWCARDIEROFTIEAR L 42642, 3 &
DEWI &, BBV AL OERTGET L - TR
BRI &Pk - T B,

Wi, EAROEENLEECEL T, £ 05 Mtk
DFHfEA 5 28 i,

B2ELIVRD L 57 EDSoD, T7cib Bra-
zilia ZFEBALEEIMEH, TEk S DEIDRENRL

Table 28. Developmental instability
in stamen length.

Variety S 1 2 3 4  Mean

H-161 0.372 0.343 0.363 0.359 0.337 0.355
Brazilia | 0432 0.282 0.307 0316 0.310 0.328
Rustica 0.355 0.364 0.394 0417 0.382 0.382
Maruha | 0.454 0.349 0.393 0420 0.370 0.398
‘Mahourka| 0439 0558 0468 0476 0477 0.484
Mean 0.410 0.378 0385 0.397 0.376 0.387
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EML, EOTEARDEERLEM L V.. 1 Ik
BB REEEDE - HI61 itk Th, E%SDE
IOREAREEMBOTEARDOREREEH® LV &
Ve LAL, BRI RARLEEOE L Mahourka
i MICTER S DE S ORERREE P MBOTERE DT
BARLERE L DI, AR TE Bk S BN
REMWENE  BU 4 RKDIEADNETER 2, 3 DRH
RERUENRICE {, —BRVIEARTHHTER L 40K
2ORERLEES—FEL , 5 KDICRREOFEE L
B A RO LIRS R, E 2T RoOAHORMC ST
Th2,

527 KD DIERRORERLERILMIERE R O &
P, BB E s, fhoERRGTR b HE
HICHE L X binh -1,

%S, 1,2, 3, 4D hEThORX &L ORETEE
BB LT, BESEYHEE L, BRIE9RC
P

Table 29. Genetic variances of stamen

length and developmental
instability in N. rustica.

Genetic variance
S 1 2 3 4

Character

Stamen length| 0.1884 0.3123 0.3460 0.3422 0.3300

Developmental .
instability 0.1032 0.9977 0.1805 0.1533 0.2677

TEREDOBESEITESR SR TIEEI X <, T
41,4k, 642 3DEICKEL LD, LnL, 1641,
4 LTE4 2, 3DORWEFHMOERI VG, o L,
T65%S L 0 fLDEV 4 RKDTEAR L H i RENHE A
5FTWBI LR RLTVD, REFKELE AL LR
10, 16548 S DRBESEHIFE DI, UL, 164

Table 30. Genetic correlations between
stamen lengths inter se and
between their instabilities.

S 1 2 3 4
S 1001 1002 0997 0.997
1 0.185 0999 099 0998
2 | —0068 1171 0999 0998 2
3 | —0249 1149 1235 1000 &
4

0.093 1075 1.183 1.147

Developmental instability

1, 4 DFEFARLEEDREE 45 #UL, 1682, 3ORBF R
REWOBEHEL O RECLISCRIT BRI,

5 KD TEARR DM OBIEAIBTE Y & 2 eI A O
SEEAB A R (38 30 3K),
BoRBEIZE 0 KD LAIIR Lic, 164/ S, 1, 2,
3, 4 OIEREOREBIOIRIZE < 5t nIEoHH B B
TR, SO EIL, SERDIEAREAFTE LT\ 5EE
FRIEELMULDOTH D & & T 5, ZDEEH
RDE URETOSEABLOMR TH %0y, HEADRH
WTHBDICDNTUL, Fbn b, SHEEHD
BIREEZ AN ELTHS 5 LB,
HEETNETHECBELTEARS 1, 2, 3, 4 DB DD
BT R D fo, OB 30RO THOCR
L7,

1E4 L 2, 3, 4 ODOFEERLEMORMOHTER
RBOBE LRSI IEOREHBEY B LTS, L
ML, %S LMok, 2, 3, 4 DREIDOBEHEBEITIE
WIEL, FEAIT O EAHED, BEFOLSHER
LE->TEDLRT5H5 2 2OWEDRENL T
DEIDHBIL, D 2 oOWEOREMRLEHT &
EZbhd RE0E 2, F1HORORERFRLYS
), W CORHREHTUID B &, dDRDIELRDIER
FRIIROMIIL H1EAH 5, Tinbb, bADIERED
REBRIIEAR L 2, 3, 4 DEITHWVAS, TERS Lfiltd
AOIEAE, REBEYRIIL TS,

F28 AREFUYACETIHE

F18 AROBORSHR

ZOFTI, A A& > TEAMEMOBERIEY
LRBETFOLSEEBMREAHE L, Forhb ook
BERAHEE T 29 A BB,

A BT BHIR D L 5 7 L D TH B, 1959 48
K Fl SRR A 8 B oMM E O & T 2000 k-3
DOFGFVF, —H2 20000r X-ray MBS L, kit
g e Lca 1l ffk) S 1 EEE S 5 88 ok
BaBERLic, & OBEITEILARERAD S f-dicr
BRICLDTHD, F LT, 1961 F12 X3 & C; i
b 46 AP O FBCHY, X, & CROBAFIFRM A
DL st 6 fEER TG L, 05 Bridko 124§
FAEFAMEEE L, TNTOMcoCGEE L, 8
WEE 16 Kot Xk 5 ik (P), EiBMiRE (1), &
2ER (A), B3R (B, HARFEE (C) Th s,
B RIMEERC L - TRITA S D23 3 0 THE
Blifgvto,

1) ZEHBHDREOHE
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Co i & Xy FHD 5 MOFRATE DR LS 31
KR Lico C Rt & X RO EHMEIFEA EE D Xz
Vs X OB ORBIERY, C ORMMERL v k%
Vo IR R A S EHT IR R 32 | R,
32} £ TOWBTOWTHE (C) £5 & 48 (X)

\ // £ TRHEMCHANCE B EN A L Db, R
RIS B IR & MBS TR A EE D fo s, R
T HSEOVLBEBEMTRE (T2 T %,
2 S OB O OB —RT
\ @ EETOBHOHE
@ ZHEFBHOYR
® BEHoOBHE
LEELEE LR 5 AL LRI B EHIC Xoray
BIBE Lo T I B H A BIEEEL, JIEER
CEEN D RS HOBEHBOfCH L  RAEEL

Fig. 16. Schematic diagram of a panicle of rice.

I: Basal internode A: Second rachilla ‘o LEBIREFOLRERUSRERLTHLS. &
B: Third rachilla C: Fourth rachilla D#E 2 Fae e LT SARAI and SUZUKI (32) 3ERIE
P: Main rachis EFOLEAEBIRLEETHHEYEREL, RDLS
Table 31. Distribution of 46 control and 46 X, lines for some panicle characters of rice.
Class M
interval | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 can
{cm) (cm)
Main rachis X C 0.25 3 5 711 9 6 3 1 1 18.20 + 0.068
(P) X 0.25 1 1 1 4 6 9 137 21 1 18.20 + 0.081
Basal internode C 0.10 1 3 71711 4 2 1 2.38 £0.020
(I X 0.10 1 3 8 1318 2 2 1 2.38£0.021
Second rachilla C 0.20 1 1 1016 13 3 2 6.94 +0.035
(4) X 0.20 11 3 41514 5 2 2 7.00 +0.047
Third rachilla C 0.20 1 4 1316 9 2 1 7.47 £0.035
(B) X 0.20 1 5 12 18 6 4 7.44+0.038
Fourth rachilla C 0.20 5 17 13 7 7.65+0.033
(&) X 0.20 1 1 5 9 207 2 1 7.65+0.038

Table 32. Analysis of variance of some characters of panicles
in control and X, lines of rice:

{ : Mean squares
Souree of vaction | 4.t | ol Tl Longthof Lengial Lenethof
I (P) internode(I) rachilla(A) rachilla (B) rachilla (C)
Control
Between lines 45 2.3265%* 0.2119** 0.6908** 0.6596** 0.5648%*
Within lines 500 0.5096 0.0345 0.1546 0.1318 0.1026
X,
Between lines 45 3.6535%* 0.2314%* 1.2370** 0.7947** 0.8248**
Within lines 502 0.5098 0.0348 0.1693 0.1574 0.1534

**  Significant at the 1% level.
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L, BIESEE L OEELSEO X EM & CyEMED
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F33FTIC LT, PE oK LMo 4 B DM
B\ Ehbinh, Thibh, BEYTE L HEE
Fisfho 4 WEL LSHRENCKTREL TV 5 & %
T

HRLEANFEEOMIZ094 t—BE<, HELH2
R OMIL 063 T—FE\ -, Bl & MR Oz
0.77 ¢, BRI T2E2KREROCMBELE 3 EFEROM
OFTH 27, Th b OBRERARLA-DONE 17X
TH b,

217 ik, R—&EFRAh b0 5 DOMECEGR L
TWwb EEEL, TOREFOLHAEIIROKE X
PRBLTVS, BRYZELTWBETRTHS G
FEO DT HROBIL, &2 OFEICHTS G 0%

P

% I

G p
C

4 B

9 A

Fig. 17. A diagrammatic illustration of pleio-
tropic relations among different characters
G: set of genes concerned g;: Different
genes for ith character I: Basal internode
P: Main rachis C: Fourth rachilla B:
Third rachilla A : Second rachilla.

HRBGROM I A RE > 1XImRT, flaid G & A%k
BATHWABORI2AS DT, G LMDOIE &L L
LCEERBEGRIHBZ EERT,

2) REBROEE

R, EHER, #£2, 3, 4 EEROMBENOEER

Table 33. Genetic variances and covariances between length of main rachis and lengths
of other panicle parts, and the degree of pleiotropy controlling them in rice.

(Genetic variance Genetic covariance
X C Diff. X C Diff. Fe
Main rachis (P) and 02639 01531 0.1108
Basal internode (1) 00165 0.0149 0.0016 0.0465 0.0362 0.0103 0.7721
Second rachilla (A) 0.0897  0.0452  0.0445 0.1209 0.0763  0.0446 0.6348
Third rachilla (B) 0.0535 0.0336  0.0199 0.0969  0.0569  0.0400 0.8527
Fourth rachilla (C) 0.0564 0.0389 0.0174 0.1074  0.0662  0.0412 0.9368
Table 34. Analysis of variance of intra-plant variability measured in terms of
o in length of main rachis, basal internode, second, third and fourth
rachillas in the control population of rice.
| Mean squares for lengths of
Source of df Main Basal Second Third Fourth
variation s rachis internode rachilla rachilla rachilla
(P) 1) (4) (B)
Between lines 45 0.3892** 0.0355* 0.1645%* 0.1036%* 0.0846**
Within lines 500 0.1944 0.0228 0.0600 0.0532 0.0423

*  Significant at the 5% level. *k

Significant at the 1% level.
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EERFRETRLEEE LI,

SIBLEFNT R\ TRBALE OS5 B Pra Lickidt
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Table 35. Genetic correlation coefhicients
among developmental instabilities
of various parts of a panicle of
rice
Basal ~ Second Third Fourth
internode rachilla rachilla rachilla

() (A) (B) €
Main rachis (P)| 07896 06630 06736 0.8848
Basalinternogg 03301 06176 0.8373

EBENORBBRORTARARLERLFALFERORE
REZGEM R OBEEHIR L T < T r9=0.88, D
RERLEN & ORI 0.66, MEORBARARENLE
3 BFEROFKELED & O BEHEETL 067 & —FE
Vo FERLEEC T A FER & MR & ook
EFEBEIL 0.79 TH - 1o,

F—EEFIC L » THEEBMCERE SR T5 22
DEMTIZEL, ThLDOWEN T 250 R EEM
THE—DBBEHE > TL B, FIFEE OUABFE
LR -1 REBEL B> T BEELDRLS, L
Th OB BT 2 HBREEENF DRE DBBT
B UK BBREOCERSNIDEORMTH B & T 57
B, BB OB THb L B EORE RLEZEMEIL
HCIBIRS B % <> TR Y, 8 OBty
(L LB DR B AL EE LB\ SIS 738 &
Erxbh b, SORBOBLFHERRLIONHE 18K
THbo

FBEIE—RETRCL - THE XN TV 555
OEDOKTH D, < ORIEWEN 4 SORE BfEH
BTRRERL EHEL T B, F LT, &4 DB
20o0BEE VD, FD1OREHEDOHS TIHE D4
LEREFH L, KERISE Lo DOBMIEER 45
FEELD, FIBETIL, AL BREEEOBINC
HELbDTHD, Fh C & DixFoRERET
FeLicb D& LT 5,

EEOERHEAZFIANLN LB, BT 555
DIFADOFEFRERLE 19 KR L 5 efinh b,

IR D, L ARE (C) IREFMHCHECH

RLT 3, EZHPHEIMM (B) S8 2EM (A) 1
iR & OREFMEEN L 0 Dicn EESR S5,

Set of
genes

Fig. 18. A diagram demonstrating the hypo-
thesis that genetic correlations between
instabilities of characters may reveal
their developmental relations in so far
as the characters concerned are pleio-
tropically controlled by the same set
of genes. Detailed explanation is giv-
en in the text.

Fig. 19. Developmental relations among pani-
cle-forming organs based on the diagram
given in Fig. 17.
I: Basal internode
C: Fourth rachilla
A : Second rachilla
The figures on the right side represent
genetic correlation coefficients between

P Main rachis
B: Third rachihla

developmental instabilities of correspond-
ing organs.
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Fig. 20. Distance between rings at the inner
five parts in sugar beet group.

T, T ITHAOEGETES BB AR OfEE )
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BL, Syixy ¥ ZIOFHF, Seik1nt5 FTo
IERFE DR, bk Y v SIEOEIBERE (Y ~ 7igE L
%) ’C‘@%’O

Table 36. Leaf growth rate and ring width
variation in Beta vulgaris.

Leaf growth Ring width
rate variation

D-2 215 157
P 15007 2.08 1.43
Monokuhn 231 1.26
H 401 1.93 1.76
Camkilt 219 175
Hilleshog 1.61 1.38
Es5 211 1.58
K. W.E. 1.79 1.37

Mean 2.02 151
Half Sugar Red 171 2.40
Marrienrist 1.59 1.49
Sugar Mangold 1.97 2.84

Mean 1.76 2.24
Detroit Dark Red 1.39 2.56

1) $hEAOREZTOIRUY OREORSI FERBE L EHL, FXER T2 LI LEDHALLHTIEENE

REHCTHLHT,
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Table 37. Analysis of variance for leaf growth
rate and ring width variation.

Degree of Leaf growth Ring width
Source freedom rate variation
Bn. Variety 11 0.815%* 3.656%*
Bn. Group 2 2.175 15,938%**
Wn. Group 9 0.513 1.343
Bn. Plants 108 0.200 0.343

**  Significant at the 1% level.

REEEL bR oo, U v SIRE(LRLER e~

bR TR D &, EREE OB\ @ETH 5 Monokuhn
N—H/IEL, AF 401 5, RO Camkilt 139 ¥ 7EE(L
ROBRETH 5, HA 2 BAHEREE L T ) v
SRR LR B LT 3 PR R R LTV B,

B0 Y v IR LR L RGBSV THESHT L
oA 3T TR T,

RO & ) v BB RO GBERERIIV-THY,
HEITHREETH B, U v FIREILERIL 3 DDMEHR
(R L LB, SEA, E=R0EN5) 0%
BUL 5% KETHEICEE TH - foo EREF DL
T Hi3E 5% KETHE sMEHEZE B bR,

BT B RBE AL EEORE TH % ENRHIEE S

Table 38. Developmental instabilities
in leaf part.

Vein . Vanation

Variety distance a%};‘:ﬁ;ﬂ of leaf

variability ¥ Y length
D-2 38.8 3.71 1.56
P 15007 39.0 4.21 1.76
Monokuhn 42,6 3.84 153
H 401 37.8 5.30 1.32
Camkilt 39.0 4.66 1.52
Hilleshog 37.6 4.50 1.55,
ES5 39.0 4.46 1.60
K. W.E. 34.8 474 1.05
Mean 38.6 4.43 1.49
Half Sugar Red 35.3 4.47 1.45
Marrienrist 38.6 482 1.33
Sugar Mangold 39.3 4.04 173
Mean 377 4.44 1.50
Detroit Dark Red 30.3 6.09 1.40

Table 39. Analysis of variance for developmental instabilities in leaf part.

Mean squares
D
Source fregégcengf Vein distance Bilateral Variation of
variability asymmetry leaf length
Bn. Variety 11 93.41** 0.2300%* 0.3803
Bn. Group 2 304.73** 0.6442* 0.0464
‘Wn. Group 9 46.44 0.1380 0.4546
Bn. Plants 108 14.70 0.1079 0.3749
*  Significant at the 5% level, **  Significant at the 1% level.
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Fig. 21. Variation of vein distance
variability at each leaf size

Table 40. Analysis of variance for
vein distance variability

Degree of Mean

Source freedom squares F value
Variety 11 93.310 7.723%*
Position 4 16.045 1.328
Var. X Posi. 44 12.082 2.312%*
Error 60 5225

**  Significant at the 1% level.

I CREARLEE LML, 5 TEBCEI LT
W%, Hilleshég & K.W.E. 1L L2307 <, 1
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IO LIRS - TRERME (EROKEX) KL
%R ERE OREORRA R - T B 2 &%
RLTW5,

Table 41. Developmental instabilities
in root part.

. Bilateral Variability of

Variety asymmetry ring width
D-2 10.2 8.34
P 15007 8.9 8.30
Monokuhn 7.3 6.84
H 401 10.2 9.58
Camkilt 11.6 9.03
Hilleshog 8.5 6.40
ES5 13.2 6.75
K.W.E. 10.7 9.27

Mean 10.1 8.06
Half Sugar Red 1.1 13.12
Marrienrist 8.9 13.95
Sugar Mangold . 8.5 13.65

Mean 78 13.58
Detroit Dark Red 10.4 12,97
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Bn. variety 11 79.722 7.149 S EbBHBH, LirLohul, HEHRESSA Y 7l
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Significant at the 1% level. RICIL > C, REWAR2BEER & REARICHT &
Table 43. Correlation between developmental instabilities.
Leat Ring Vein Bilateral Variation Bilateral  Variability
growth width distance  asymmetry  of leaf asymmetry  of ring
rate variation  variability in leaf length in root width
by b(r) V.D.V. Ay Vi Awry Vir)
All varieties group
b(r) —0.331 0.796** —0.706* 0.430 0,172 —0.566
bm) 0.237 —0.457 0.305 0.193 —0.171 0.742%*
V.D.V. 0.768* —0.122 —0.783** 0.149 —0.112 —0.454
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Vm —0.008 0.600 —0.495 0.533 —0.531 —0.268
Sugar beet group
* Significant at the 5% level. *#*  Significant at the 1% level.
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Experiments on

Relative wvariability of

Summary

A developmental-genetic study on quantitative

characters was conducted with four kinds of crop
plants, that is Nicotiana tabacum, Nicotiana rustica,
Oryza sativa and Beta vulgaris. The study includes
an inquiry into developmental-genetic relationships
among homologous, semi-homologous and non-
homologous organs on the one hand, and genetic
investigations on developmental instability on the
other.

1. Studies on tobaccos, Nicotiana tabacum and
Nicotiana rustica.

1) Developmental-genetic relationships among
leaves on the stem.

Six cultivars were investigated for length of fifteen
leaves from each plant. It was found that genetic
correlation between two adjoining leaves was very
high while that between remote leaves low. This
means that growth of leaves developing near-by is
subject to stronger control of the same genes than
that of remote leaves. The same has been found
to hold for either leaf width or vein number per
leaf.

2) Developmental instability in leaf and flowers.

Eleven cultivars of Nicotiana tabacum were ex-
amined for developmental instabilities in leaves and
flowers. Developmental instability in a leaf was
measured in three ways: (1) bilateral asymmetry of
leaf blades, (2) variability within leaf of vein distance
and (3) degree of deviation of two adjacent veins
from running parallel with each other. Develop-
mental instability in a flower was measured again
in three ways: (4) intraflower variability in length
of four long stamens, (5) intraplant-interflower varia-
bility of mean length of four long stamens and (6)
intraplant-interflower variability of style length.
Findings from this study were as follows:

(a) Developmental instabilities in leaves as well as
in flowers were variable among cultivars, which
indicated that they were genetic traits controlled by
genetic factors.

(b) The bilateral asymmetry of leaf blades is purely
“the fluctuating asymmetry” of VAN VALEN, show-
ing no sign of directional asymmetry.

(c) Instabilities in leaf parts were found to be
positively and highly correlated with each other, and
the same also held for instabilities in floral parts.
None of the foliar instabilities investigated, however,
proved to be significantly correlated with any of
floral instabilities. It was thus concluded that dif-
ferent genes might be responsible for the develop-
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mental instability of leaves and flowers.

(d) Expressivity of developmental instability in
leaves was found to vary according to the periods
of growth. Cultivars which were less unstable
showed the maximum stability at the middle stage
of growth, while highly unstable cultivars yielded
the highest instability at the same stage.

(e) Developmental instabilities in leaves were
generally variable between years and between posi-
tions on the stem.

(f) Diallel analysis with six cultivars of develop-
mental instabilities of a leaf showed that those
instabilities were governed mainly by additive effects
of genes, though in some parental strains partial
dominance effect seemed also to be operative.
Reciprocal difference was also observed in some
hybrids.

(g) Inheritance of developmental instability of
leaves was investigated in some hybrid populations.
The segregation in F, populations was more or less
continuous and the number of effective factors
estimated biometrically was 2 to 4. The heritability
of vein distance variability was 0.72, while that of
bilateral asymmetry of leaf blades was 0.48. The
two instabilities were not correlated in the F;
population.

(h) Eleven cultivars were comparatively grown in
five localities. Vein distance variability was found
to be influenced by localities.

(i) Five wvarieties of Nicotiana rustica were
measured for length of filaments and those develop-
mental instabilities and developmental relationships
among five stamens were investigated. The length
of filaments and those developmental intabilities
were variable among varieties. It was found that
developmental instabilities concerning the four long
stamens were mutually highly correlated positively,
suggesting that their growth was governed by the
same rather than different genes. The short stamen,
however, showed no correlation with the other four.
A diagram on the developmental pattern of the five
stamens has been suggested.

II.  Studies on rice, Oryza sativa.

Strength of pleiotropic effects of genes responsible
for quantitative characters was investigated by com-
paring genetic correlations between an X-rayed and
a control population of rice which were initially
derived from a single cultivar. It was found that
the set of genes which was responsible for main
rachis formation and was therefore of primary
importance for panicle formation, was pleiotropically
controlling the development of rachillas and basal
internode, intensity of the pleiotropy being strong
for higher rachillas but low for the lower.

Developmental relationship among main rachis,
rachillas and basa! internode of a panicle was in-
vestigated by the genetic correlations among their
developmental instabilities. For details of this study,
the reader is referred to SAKAI and SHIMAMOTO
(33).

111, Studies on beets, Beta vulgaris.

Intraplant variation of some quantitative characters
was investigated in Beta vulgaris including sugar,
fodder and table beets. Characters measured on
leaves were length, width and number and distance
between veins, from which intraplant variability of
leaf length, bilateral asymmetry and vein distance
variability were calculated. In roots, diameters in
the long and the short axes together with the
distance between rings in the cross-section at top-
ping were measured. The measures for the devel-
opmental instability in roots were the bilateral
asymmetry in root shape measured from diameters
and the variability in the width between rings. It
was found that those instability measures were
variable among cultivars, but the instabilities in leaf
organs were not correlated with the instabilities in
roots. No appreciable relationships were found
between the developmental instabilities and quanti-
tative characters such as root weight, brix percentage
or sugar yield.

Discussions have been given on developmental-
genetic aspects of quantitative characters in agricul-
turalfcrop plants.



