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Table 1.

WDIZ Arcsin A (T -7,
¥ g

1. BREIUHRBEEFHTCHITIRFN

I B E LOMREILRM T I 5 FHKERBR O R
%, Table 1 R L1, ZDORBOFFELY HAYMANL2)
DHEIZ LT, ZhbDOKEHTET5RFEDREGH:
OB TH IO ZHAMELEA L, B IHEL
BOF ~ 2 ORESHOI DI, TOEENBEIRT
VBN E SRR DWTRE LIRS, R EE
ENRH BT (Table 2), = DEBRCFEHHHA
EhH BT LRSI

Diallel cross table for the mean values of germination

rate under two light conditions

a) Complete darkness (%)

Male parents

Row
Matsukawa Nanbu Xanthi Samsoun Hicks 2 average
Matsukawa 2.0 0.0 0.0 0.0 0.0 0.0
P 1 Nanbu 0.0 0.0 0.0 0.0 0.0 0.0
emale .
parents Xanthi 0.0 3.0 93.0 0.0 4.0 7.4
Samsoun 0.0 0.0 0.0 2.0 0.0 0.0
Hicks 2 0.0 0.0 0.0 1.0 0.0 0.07
Colum Ave. 0.0 0.1 7.4 0.0 0.0 94
b) Red light for 60 min. (%)
Male parents Row
Matsukawa Nanbu Xanthi Samsoun Hicks 2 aberage
Matsukawa 59.5 29.3 74.9 10.8 0.7 304
F 1 Nanbu 29.0 55.2 32.2 3.1 0.0 175
emale .
parents Xanthi 70.0 519 95.5 92.3 45.5 74.1
Samsoun 29.6 15.0 39.9 3.7 6.2 30.3
Hicks 2 13.6 4.3 53.8 5.7 2.6 12.4
Colum Ave. 39.0 282 61.7 33.1 5.9 56.8

Table 2. Variance analysis of (W, —V,) values
for the test of gene interaction and/
or independency of gene action

Source of & Mean square
variation Darkness Red light
Parent 4 1568.71 ns 317.39 ns
Error 5 1068.68 325.91
ns: non-significant.

a) ZEARO/EANEICSFHOHE

THEDOY BRSO S E%E HAYMANY O
Br VT, BRE JOKREXD 2 DDKEH VT
S ETT -1

FOEEREAY Table 3 iR L1, T DT allLBR
MDTFHDH D% (—REEGEEED) THD, birak
I Bl GIE#A e R 5% (BEEERED), s
HRFORFROFHHE (HMAEOPHR), ditcicib
HWEMEGHICST 52EZXRTLDOTH B, Table 37>



W BEM . 2 S BT ORRFE O T HEEE X 5 RENER 141

Table 3, Variance analysis of diallel cross
table of germination rate under
two light condition

Source of di Mean square

variation

Darkness Red light

a 4 951.14%* 3905.28**

b 10 675.12%* 492.43**

c 4 23.02%% 410.37**

d 6 15.02* 74.57 ns
Error 25 4.09 33.93

1) * **: significant at the 5 and 1% level,
respectively. ns: non-significant.
2) a={X(Yr.+Y. R2n—2Y. 2/n2}2/}(n—1)
b={(Xrs+ Yer2A— T (Yy. + Y., )220
+7Y. 2/n2}/0.5n(n—1)
c={ X (Yr.— Y. 220} (n—1)
d={Z)Yrs— Yo, /4= L (Y,. = Y. )2/2n}/
X05(n—1)(n—2)
where Y., Y, and Y., are the sums of
colum, row and total, respectively and Y,s
is the values of colum r and row s in the

diallel table.

¥a, b, ci@DWTIL, 2 00¥ &M F T 1% KETH
AP ERTH o, Thod 20T, BREEHET,
5% KETHERETH 1,

IO ER2ODREHT, Thbb BERTILERE
DORENEBLD, bOBHEARLENIVAEETHHZ &
Hb, BEOCHGRI L - TBEORENER T L
HRTLOTHD, Linl, bllard LTk, #HEX
ST HBHANEL, Fhoe, d DRRAEER D EH
b, IORBRTOMREHEDOETKREVIDLELD
hb,

b) BIEHI/SS A Y —OHE

FEOSEATOER, a, b HFHINCEETHLS D
L, BIOCZHAEDOEZ O EIEHTE 50T,
HAYMAN OARI LA - T, 2 D00REHBDFNE
ROV THNRES B (D), BHro# (Hkiv
Hy) Is YORBESBNS L, TNHLOBEMEELHRE L
Voo TIC D HBIOH,7c&Dd &&7c? Voro,
Woret 7g KX ZHEDOMHE R 28 MO P& Fv- T, B
Sk (E) O, Table 3 DEEN ks HHEE L,
ZHEEMEL Table 4 Dbk TH D,

B BAME T, BROEU(E) ¥R T, HMEEED
B(D), Eioi (H & He) 7o ERTRCHEBETH - 1o,
FioRBESME TR, BRIESHS JOEHE SHRET

PO E LT T 08 (F) HReTF TR
BThoTo,

WO HOREL FOHE, BHEHETYEL
HoTWwaHEToRFH, FHR TR YEELL
(Table 5),

EOBER VLD TR3h, D=Hi0r &1, T
TebhbEEEBHTHD, 1 T kE V& ZBEE, 1 X
DINEWEEIRTELEBU,TH D, ZOERTILTHRE
H, WREGTIL, 104, REXEETL, 099 Tho
e RIC Array OB L O Hh i Array D45
AHEEC oy ML, By WE=V,V. (BEL Vpid

Table 4. Genetic variance components and
their standard errors estimated by
HAYMAN’s formulae (1954)

Light condition

Component
Darkness Red light
D 1023.29 + 44.88 47277+ 63.01
F 1275.39+111.10 —297.88+157.40
H 1107.49+120.11 463.18 +170.16
H, 667.90 - 108.94 458.39 +=154.34
Ny 485.80+ 73.55 611.14 +104.20
E 2.05+ 18.16 1697+ 25.72

Table 5. Properties of the gene concerned
with light dependence of germina-
tion under two light conditions

Light conditions

Properties

Darkness  Red light

Number of genes
concerned
(effective factors)

h2/H, 0.73 1.33
(max. parent value
—min. parent value@/4D 1.33 2.50
Direction of dominance
(F1 mean—P. mean) —16.61 —18.70
Average degree of
dominance
NV HJD  from table 4 1.04 0.99

From fig. 1 1.04 1.01

Distribution of dominant
and recessive genes among
parents
(W4DH, +F)(y 4DH; ~F 352 0.52

HyJAH, 0.15 0.25
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W2=1027.37V,

W, =V, —22.69

Wr

W2 =633.38V,

Samsoun

@/ Matsukawa

Wr=V, —1.85

a. Darkness

Fig. 1.

%103

0

1
5V,
2
b. Red light for 60mia, 10

Relationship between array covariance and variance

in a diallel cross for seed germination under two

light conditions.

BonE), BEEEY W=V, + W, -V, & LR
%L,
RERSET Tk
W2=1027.37 V.
W=V, -22.69
HEHEMT T,
W2=633.38 V.
W,=V,—185
MAEDHHRS (Fig. 1a, b,

UED7Z 7 EEEERD DI, BB OWR
oW, 0L DS Y B L, BIREHRO W, Ol
DORER A LTHLE,

VAB [VOB mbkwbhs, & 0kEn LRSS
hicBRER T hEHh, BERKET TR, 104, HEX
KT T, 101 Th ot

BHOTT L (& Fr OFE—£B0¥Y), »hHRD
bhb, BELHETCIR, —16.61 TRFRDOME JMHE
¥ DERR, FlREXEEHFT R, —1870 TH
D, BEROECHCEEDOHAND D Z & IFShic,

B EE TAE 28T, W+ Ve iiheikeh,
Wt Ve OR KO DRFE B ET2ELH TS
B X4Tsb0bL8h5bd, “hi Fig.la, b T&5
&, BREMAT T Xanthi 2358 #icHHYS L, o
D4 METBLRE XK, ¥, Wt V. D/hX0nd
DM BIE, M, Samsoun, ), Hicks 2 35 L O°
Xanthi OJECH » 72, 7@ K44 F ¢, Xanthi,
Hicks 2, B&8, ¥R Samsoun DIETH -7 #F
TeRFBOMRCL Y 5 &, RFERDPIH DO DIER

Hicks 2, i35, #)I, Samsoun ¥ LU Xanthi T% b,
B DNARE & 133 L b —F Lish o fohs, Bi#kiFE
FOW4H e\ T Xanthi © Arrary OLE OEf$
5 EMBART, Xanthi 2% PO A Lo b ®
BT EMTES,

5 MoK E T AsBERET - HERETFO L
B BRI, Table 5 F 0 RS0 Ak
Lo THMmABZ ENTE D, FRETHIIEBERTHS
<, ATHIESHRTIE G, FtoLBoR Dk
i%, ¥ 4DH; +F/y'ADH, —F ThH 2 bih %,

B RAMT T, FIRIETHD, BEETHEL, K
BT, ThaiaER ), HHERTFISCC L
b, L AAEOHIY 352 & 0562 TH o1,

F 7B L B EOTBRETOThEROEG OB OHE
E(E (Ho/dH)) 13, BEREHTT015 THD, —Jike
SEAET TR 025 THD, HREXLGETTLFIER
Tl &, HBEEEET ESBERTORIIRT T
H5H D EHEESI I,

BB ORBFEROECAEI LTOREHETH
DT, M/, 3 LU0 (KBl —&/NBRAD Tk
LT EMTE D, WHREMT Tl h2/Hy T2 0.73, (FX
BB/ NBRAD T 133 TH D, HEKEHT L
M2 133, 250 TH i, DFE DIFHRGHTF T 1~2
3, ROFEEETFCL 1~3 Mok 2 E T By ES
iz,

2. RRFICHT ZREOBLEOREHRE
L CHE Lok, BRAHT LR EREHT LTI,
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Table 6. Diallel cross table for the light-sensitivity®
Male parents
Row ave.
Matsukawa Nanbu Xanthi Samsoun Hicks 2

Matsukawa 575 29.2 74.9 10.8 0.7 30.4
Nanbu 29.0 55.2 32.2 3.1 0.0 174

F e;;“;‘lits Xanthi 70.0 49.9 25 92.3 415 66.7
Samsoun 29.6 15.0 39.9 7.7 6.2 30.3
Hicks 2 13.6 4.3 53.8 71.7 2.6 124
Column ave. 39.0 28.1 54.3 33.1 5.9 474

* Light-sensitivity =(Germination rate under red light for 60 min.)—(Germination rate

under complete darkness)

BHEEADOBCADE L E kol DE DRENSM:
O, B RIS TOREEEET CREFEOR L Xanthi
LAV Hicks 2 & 238 e BB AR L, REIEE
I35 % B OEMII R R B O ETH -7,
DbDZ & BiT5 oK, FEGHMt L RREN,
DHEIFROEY ORI L L, Xanthi © Array %
B4t L7c8ié & Hicks 2 @ Array ZERSFLICHBED 2

Table 7. Variance analysis of (W,—V;) values
for the test of gene interaction and/
or independency of gene action

Mean square

Source of di.

variation within light- excluding
. requiring  Hicks 2 array
Parent 3 12370.98 ns 197795.95**
Error 4 4369.94 10687.18
ok :

significant at the 1% level.

ns: non-significant.

Variance analysis of the diallel
cross table on the light-sensi-
tivity within light-requiring va-

Table 8.

riety
Source of d.f. Mean square
variation
a 3 1078.63**
b 6 402.01%*
c 3 435.55%*
d 3 171.20
Error 16

77.08

1) **: significant at the 1% level.
2) a, b, ¢ and d: cf. the 2nd note in table 3.

E B DDA AHIT e -7, Table 6 12i%, DR
JetE D EE AR L,

1 ERABOR R, FTHGBETBOEDY
— M DORELXIT -7 T DFE, Xanthi @ Array »
SUIEE (0F DEXRAOBRE) T, RFERCEH
BieETHD LR, Hicks 2 @ Array B U718
UL 1% K CHEEL WD bhvte (Table 7),

FENRFEOMTIE, TS HORENER L LD
T, ¥ HAYMAN OJj@axACToBr fiziioic
(Table 8),

TORER, a, b, cli21% KRETEBENEDDR, =
DERE, hb4 BT, BHEOENFLETDIH,
b23E B THHDEERARIC L » TEEDOBEILRE
%, LA L, bilai@h_THEBI/IIVC &, FoL
PEETHDZEND, TOERTIHMEZHEDOEINK
X a RHERTEBINEI N Ebbh ol

Kz a, b AHENCAERB THDZ & &, PN

Table 9. Genetic variance components and
their standard errors on the light-
sensitivity within light-requiring
variety

Components Estimated value +S.E.
D 746.21 +106.65
F 241.70 £273.98
H, 964.65 = 310.01
H,y 953.03 = 286.16
h? 1712.92 +194.08
E 77.08 + 47.69

Estimated by HAYMAN’s formulae (1954)
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Table 10. Properties of the gene concerned
with light-sensitivity within light-
requiring variety

Properties Estimated value

h2/H, 1.80
(max. parent

value—min. parent 1.11
value)?/4D

Number of genes
concerned (effective
factors)

Direction of dominance

(F; mean—P. mean) —18.77
Average degree of dominance
VHJD from table 8 1.14
from fig. 2 1.05
Distribution of dominant and
recessive genes among parent
(¥ 4DHy +F/(y 4ADH, +F) 1.33
Hy/4H, 0.25
Wr
w2 =823.29 V,
%102}
Nanbu
s [ ]
.Maxsukawa
W, =V, —20.88
@ Samsoun
h/.chks 2 |
o5
2102

Fig. 2. Relationship between array covariance
and variance in a diallel cross table
for light sensitivity within light-re-
quiring varieties.

DEDH—WOBE DR b ERE OBE AN AT
& 50T, HAYMAN DRARIT L T D, Hy, Hylg XD
BESBEASE O bOEERELHEE Ui, HEE
fitir Table 2 DL hTHB, ZOFKEHLHEMENT
A=F =3 F, EXB\THEETH -1,

KB OBHORBREL LD, BN TEEL
FioT2BELOFF, BHRTFREREXHEELL
(Table 10),

EHEORE T 114 THEM TH 57, KIT Array @
WL TBOBMGREYRT VT 7 e i & EIRHE
B DEBEEE YL Lo (Fig. 2)

s WE=82329V,
[ElmmERR L W.=V,—20.88

Tholc, 20T T 70 LEEREIL 105 TH D B
TH o,

& oA FL, (& F) O¥E - 2FHOTH) bk
bBRbh, TOERCE, —18.68 THDH, BEHDOE
HeBHTH -7,

BUEE T 24 o8 Wt Ve e T D,
WtV ik E b 0 ESMBlichic b D, Fig 2
PEWBLML L 5, Wt V, O/XGJHIZ Hicks 2,
Samsoun, )13 LOEHTH b, BEHEONMIVIE
Js X% & Hicks 2, #4)I1, B#%s X O° Samsoun TH
%, DFEDEMEDOIAL LRI HEDF AL E T —FK L
2, B/ E v Hicks 2 (R E £ BEETEL -
TbL 0L HE IR,

FRAEE TRV LD, EBHEET L HEEETD
EBBRSEER WLV, TOEEOHIN133 TH
D, Fho Hp/AH 13025 Th otc, & DT EILEHRE
T EEUBETOEHEHRIFELVI EER LT %,

BHERFEE Y H, T2 180 TH Y, (BRABE-&D
HBR/4aD Tix, 111 THoto, Hicks 2 D Array #kit
L7c8a0s, W=V, OB —oOBREDOKE, FEEN
R AR LD BRI &b, Xanthi BT O EMH:
PRI N D,

E =

KEBOEN DA, HREGTORFOHE, D
Ji[ED, KASPERBAUER® L2WgH L TV 5 & 57, FF
ENRBEOBRGRI LB ERE ot Lo
L, Ed# & Xanthi, Hicks 2 & Xanthi & OZ#EDOHE
it Xanthi DRRGELZWEE M,
L&A T ORI BRI L CiaiExaiitc
BhEHRITENTED, FREDHETFEI1I~2H
EHEEIRICZ D, BERAIENCERETHD
TREML D %,

ARSI 3 B R RS o4 Tk, HONING! 2,
NEIJRD 46 208 KASPERBAUER®) BIXEB#{T- TV
e L L, SRR DB = F oV F - UG
ThYH, REMONCHIc > BECIRVIEEIRD S
EDIRVCBEERDS, FREN T EFEE R O &R ER 5
Lo TRAHMINLEAERSHEEZDND, TER
BOKE Bk, —EDONE4H (FRBROBAMRDN 60
MOBH) T 5RFERCTFRTELEEREELEAD
b

KEROBHOFEE, VIHELEI DA TRET S
BHTHH L RTE, AHEFEII~-3FLHEES
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i,

¥72, Fig. 1b R4 X5, FEXSEHT X, B
BEICHFEXOW &4 TT, WTFhiEFR0oH
Xanthi, & D&HETcRERDMEL Hicks 2, 7T
HY, BREHET TREEETH -, B, Sam-
soun ¥, EHEMEMTYELSETH-T, TOT ik
Xanthi F T35 L0 Hicks 2 DRTFO EH Ha—7,
FRRH PR OKELET CEBAOIER L LT\ i
EEZDBRD,

Z DYER DN Ot o, B O & A R, HHia AT
ot kR D Hicks 2 o BFIL, BETH D, Xanthi
OHETFIILIER B E TR OXEERIRD bhl, &
DI &1L, Xanthi 0BT HRTL, BBLEFT ClHH:
ELUTIER L, FREXEM T, BEEOBVEERTLE
ZHIFH%ZH L, Hicks 2 iR EEAT T, BHEEL
TYEAL, FREXEHT TR DX CET 2 E
ELTIERTAEELDZENTE S, DEVRKELK X
UHREXTELTOTH LR TER T % BIE T R,
BEoTWBEEZDRD, TOZ &, Xanthi L2 FH
L FiE@TFoRFRIELCHME L vE<, Xanthi
L DA R ERT Hicks 2 R LA Fy T ORI
RAPEBELD LD ECZ &, FETO 2T
Lk o, JREXBRE L EXREREOXE FET
DN ET OREFROMAMIE, & URBLEHT L
CDEMTIERTHRETHRAICTH S & RETIITE
FB T & R ORFRL RTIETTH B, RETE
BEEWRFRLEL LI - THESh, KERD
WHELAD b Hicks 2 & Xanthi O SR04
iR RN LR L, Xanthi BT 0 L #E2ERHsR
BOTH 5D,

B oW TR EXRRE T I~ 2 HoF HE T
BOHEEI RS, L, CORXEMIETORNME
REEOERE, 2% VET OREREOBEOBENS
e L nmp, BTORBHABOERTHSONIL, #
FTE\, L»L, LUKENS® 3 Alternaria solani
DOIT MR\, 450~750 nm OEFE O YGHE oH)
HBROBADRERS, FAEME B2REREBL OMcF
BRESTWBIERHELTWE0OT, EHETIE
WTHEEARY MVORKSREOBRER O
b BRI RETHH I,

] 3

2N FET OFSFI BN IR R OR T 2 & AV
BRT3, HEDIL, ZO2NNIfTONREFN D

W, MHORTVEER L 58E»D, TOREBENM
Ru@sico 200K 4t (BRERENAE) &Ry
TRFAB AT, ThbDBRIC OV T ZER R
I L BBEST AT -7,

FEkA 4 BfE ()1, B#B, Samsoun, Hicks 2) %k
OSREEE 1 i (Xanthi) % F\y, 1974 FEiC HACHED
T EURAR 20 AE8) Tk, o ETFLE50
OHBEOHBRT AV, RERROBERY Thr
NOK &2 bz HAYMAN (1954) DA Kic Lichi-
THEBEWOWE S L HEL, TOREBE (W, Vo) &
77%3LLT, BETAREETFOURELDE DT
L7

MB&ETE, BETIEIRFRIII~2HTHD,
BRTHEF L WERRORE ITELEBRTH S &
Frbhic, EhfEXEECE FHRTHEL1~3
HTHD, BEERIBELETH -

KOR e KO KRG DORERD DI BEFOIRER
HPETBHIERL I TRL, ZHEBREMEELST I,
Z o€ Xanthi @ Array %\ 7384 &, Hicks
20 Array %R CICBED 2R Y OHANH AT - 12
Xanthi © Array %4 U708 & OB HREFHE 1~2
FTHY, TBEEOEmEYR LY, —F, Hicks2
Array DEBRA LIS, ZESHORENRILET,
Xanthi DREFO L 15 0 & #HE IR,

HoNING (1930), /N (1957), KASPERBAUER
(1968) LD LI, BREUT ORI KT LR
HOEI LT ERE L fahoTn

51 B X

1) HAYMAN, B. 1. 1954a: The analysis of vari-
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1954b: The theory and analysis of
diallel crosses Genetics, 39: 769-809.

3) HONING, J. A. 1926: The heredity of the need
of light for germination in tobacco-seeds Proc.
Kon. Akad. V. wetensch. Amsterdam 29: 823-
833.

2)

4) 1930: Nucleus and plasma in the

heredity of the need of light for germination
in Nicotiana seeds Genetica, 12: 441-468.

5) KASPERBAUER, M. J. 1968: Dark-germination
of reciprocal hybrid seed from light-requiring
and -indifferent Nicotiana tabacum Physiol
Plantarum, 21: 308-311.

6) LUKENS, R. J. 1965: Reversal by red light
of blue light inhibition of sporulation in alter-
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and far-red reversible photoreactions on seed
germination of Cucumis sativa Plant & Cell
physiol. 10: 475-479.
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and GA- sensitivity in seed germination of
Solanum tuberosum Environ. Control in Biolo-
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Summary

The seed of tobacco (Nicotiana tabacum L.) has
been known generally to be a light-favored seed.
However, some varieties has been found which do
not show such light-dependent behavior in seed
germination. In order to elucidate the light de-
pendence in seed germination of tobacco, the au-
thors have been conducting genetic experiments
and this report is the result of a diallel cross of
some varieties which were different from each
other in light dependence leading to seed germina-
tion.

The following five varieties were utilized as ma-
terials. The variety Xanthi is known to show
light-independent germination. Varieties Matsu-
kawa, Nanbu, Samsoun, Hicks 2 are also known to
be light dependent in seed germination, however
the degree of light dependence differs among the-
Seeds of 20 Fy’s from .all possible

combinations and 5 selfed progenies were used for

se varieties.
a diallel analysis. The germination tests were
conducted in 5.5cm diameter petri dish filled with
0.7% agar at a temperature of 25C. The experi-
mental procedure involves 24 hour dark imbibi-
tion, light treatment and dark incubation for 7
days in that order. Because of no interaction of
alleles concerned, the genetic variance components
and diagram showing the relation of array covari-
ance {W,) and variance (V,) were drawn on the
basis of HAYMAN’s method (1954) and the following
results were obtained. Based on 7%/F; and (the

maximum parent value—the minimum parent val-
ue)?/4D number of alleles concerned (the number
of effective factors) was estimated to be 1 to 2
(under darkness) and 1 to 3 (under red light illu-
mination). Direction of dominance were negative
under darkness and red light, but array positions
were altered by light condition. Xanthi’s array
position showed the maxinimum value of W,+ V.
under darkness, but its position showed the mini-
mum value of W, +V, under red light. The aver-
ages of dominance ratios (¥ Hi/D) were estimated
to be 1.04 and 0.99 That is, the former was shown
to be a case of over dominance and latter a case
of partial dominance. Moreover, the results men-
tioned above were analysed with reference to light
sensitivity of varieties by the promotive effects of
red light, for Xanthi and Hicks 2 possesed a siml-
lar array position under red light, but held opposite
positions under darkness. Similar analyses were
conducted excluding Xanthi’s or Hicks 2’s array,
in order to clarify the effects of Xanthi and Hicks
2 factors, respectively. Because of the interaction
of the alleles cencerned with the diallel table ex-
cluding Hicks 2's array, the epistatic effects of
Xanthi factors were assumed. With the exception
of the Xanthi array the following results were
indicated: The estimated number of alleles con-
cerned was 1 to 2, the direction of dominance was
negative, and the estimated average of dominance
ration was 1.14. Therefore, the light sensitivity
was considered to be over dominant. Hicks 2’s
arrary showed a minimum value of W,+V,, and
this indicated the tendency in which the low light
sensitivity in Hicks 2 is an intense dominance
trait.

The light dependence was dominant over light
independence, and low light sensitivity was domi-
nant over high light sensitivity within light de-
pendent variety groups. The difference in results
between reciprocal crosses under darkness was
less than reported in the previous results by
HONING(1930), OGAWARA (1957), and KASPERBAUER
(1968).



