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Genetic Studies on the Dark-germination in Tobacco Seeds
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Difference in genetic system between dark-germination and the

sensitivity to the promotive red light effect in germination
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(Laboratory of Industrial Crops, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)

#

Y wBWT, ERBEOMIELA YV =V 1D
Xanthi & O OB LD, BERIFME GREH) 1
B LT, 2ostEEERTEERIhD
L&,

FREES T, EEHAE 4 L IEEEEAE Xanthi
LoRE S AELHAVC, 2EEET RV, TORKE
b 1) BEREFROSHTHB T &, 2) BRFE, K
BXRIGE S, JOBETRCLY), TEI R T
LR[OS D &, i 3) Zhb oMk, BET
Mo EEHORD bR L R LY,

IhHOEBRERO 5 b, BRI T 5RET
FHE, REXRIGHEOEEFRORRZER TS L
13, &5 ET OB OBEMAERCE - T, B
TEEOREY 5252 ER5,

AREBRO BN, EESD HBAV- 4 BREOBEICHES
OO B BT 5 EIETHEORA &, FEAIKIE
WOBEHEREEHET S L TH D,

il

M &EHE
COFMEBOF L LTHAVOhEHER X ORH
i, 1974 48 9 A IRBE Uic, #J0, g, Samsoun K
V% Hicks 2 0BG L Xanthi 0455 RETH
b, ThoFEE o hbofo Fy k%, 1970 F4F
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CREEER LR~ 32 off Rk S5%, FHEOAZOHE
2OTE, W0HGEOFiETE, EEFIETO5X5
D 2HAE D FofEF#874, F7: Xanthi & Fofl
DAFEOHE AR D FLieonTiL, Xantht 28 & L
T, RLE#x T, BRI BT 5.

F 7o 1976 SO FFTILHIHRY L FEEON E % AT
BEFHW AT S 2o 4B Kk 48 & Xanthi &
D Fi, Fo, F3, BiF, 8T %87, B LELORETFOH
X o TS iR B0 4 RO RESLRITHE
EERHEET Ao, 1976 FEER, AR E D 104
HEERL, BEETYEL.

FEUEABR OB & LTIL, 0.7% OEXERYHY, ¥+
— Ui, BR45cm oL orfve, HFEABOF
MRE LT3, SRReBERKehSeins X oiks,
BAEOHE, HOCERDIDRET A7 44 L TaLK,
BEERTOMEE 25°C iz 10 HRERE L, ToBCRETRY
HE L,

HERLL 1K 1000 %8s L, Th ZThOoRE%
R, B ToERRI, HEK2HAURCKT
Lz,

Fo B0 BRI, TEOEREE2 7 5AF » 7#
DRI 12 B2 TR LT,

75 BRGNS D EER D 7o b DRGHEE & LTI,
YelE% National FL 20 R-F #3¢% 3 4Tx V- T\ 324
TEEDEHEORMFEE AV,
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1974 O FERERIC OV TIZBRCHED L, FoffiEt
I DFER MG, Fi BT ORI IE A D 2H
ZEBLNIEND, BoThbTMThsI ENRIR
foC, 1975 iy, AT O RO %177\, Table 1
R LR e 87, Xanthi RBSE REORERE
M, WIhA R LT, ¥ FiET L 0% ORIFR
Th otz

Fo BT ORI, AEFN T O IRRFUOH ML E

BWE+soc, RS L, 120055, E¥K
HETHRE L, EREROBELREBETH B,

FTEHEXENLO 6 HERORFRIIL TS T
Y, BRFEEITZDLRIL, -7,

F oM X Kanthi BFO 4&w0 % Ay, Fe
T ORI 5.2~73% A TED LN, HERHF
YL HER R LB 1,

FLRMAROER (& LTHREOHELELD
D) SBMEEMLR, FTOXERIBDSNIch -1
(Table 2),

Table 1. Parental and F; hybrid seed germination under
the darkness
male parent
female parent
Nanbu Matsukawa Samsoun Hicks 2 Xanthi
Nanbu 0.0 0.0 0.0 0.0 0.0
Matsukawa 0.0 00 0.0 0.0
Samsoun 0.0 0.0 . 0.0
Hicks 2 0.0 0.0
Xanthi 93.5
Number of seeds used for germination test: 500.
Table 2. Parental and F, hybrid seeds germination under
the darkness
male parent
female parent
Nanbu  Matsukawa Samsoun Hicks 2 Xanthi
Nanbu 1975 0.0 0.0 0.0 0.0 7.3
1977 0.0 0.0 0.0 0.0 6.9
Matsukawa 1975 0.0 0.0 0.0 0.0 5.6
1977 0.0 0.0 0.0 0.0 6.1
Samsoun 1975 0.0 0.0 0.0 0.0 5.2
1977 0.0 0.0 0.0 0.0 5.8
Hicks 2 1975 0.0 0.0 0.0 0.0 6.5
1977 0.0 0.0 0.0 0.0 6.0
Xanthi 1975 6.8 6.1 58 5.8 93.6
1977 6.0 6.2 5.9 6.0 92.8

Number of seeds used for germination test: 1,200.
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EE2 AXHBABICHITIERFHEOBEFIN
K1 LA R T - o BiF fBEF oS RIEMT,
235~275% O THD b h fz, BE (19774F) 2fT
toteFo & BIFI BT ORREF LA TH D, FRICX
BEEIEL D E L BB LAD L hIn o Ko

Table 3.

Zhb Fo kXU BF, oRFRBOK R, FioHm
HY ek, RN, BRETAY, oy E
HuiFBEToRRBFRLLTERAIhS LT5K5K
KOBETHRR LI o7 (Table 3),

1976 FE DA TR & Xanthi, Hicks 2 & Xanthi

Comparison of B,F; seed germination under the darkness

in four cross combinations in two years

Cross combination

1975 1977

Year Significance of
between years or

cytoplasmic effects
(NanbuXx Xanthi)X Xanthi 245 245 ns <-—‘
do. X Nanbu 0.0 0.0 ns ns
(Xanthix Nanbu)x Xanthi 248 258 ns «—oI
do. X Nanbu 0.0 0.0 ns
(Matsukawa X Xanthi)x Xanthi 275 26.0 ns <——'
do. X Matsukswa 0.0 0.0 ns ns
(Xanthi X Matsukawa)x Xanthi 26.0 240 ns -
do. X Matsukawa 0.0 0.0 ns
(Samsoun X Xanthi)X Xanthi 235 238 ns 4_1’
do. X Samsoun 0.0 0.0 ns ns
(Xanthi X Samsoun)X Xanthi 248 25.0 ns «—I
do. X Samsoun 0.0 0.0 ns
(Hickis 2x Xanthi)X Xanthi 235 255 ns 4—7‘
do. X Hicks 2 0.0 0.0 ns ns
(Xanthix Hicks 2) X Xanthi 255 245 ns ——o!
do. X Hicks 2 0.0 0.0 ns

Number of seeds used for germination test: 1,200.

LD A D Fs, BiFs R, 19774 D EZFEiTit Samsoun
& Xanthi, )1 & Xanthi & DD Fs, BiF, %#fi% 5
T, A LB F, BIF BFORFHEM LKL T
R DN BEOBRER T e - 72,

Fp fk ¥ 72 BiF A RRE L Fs 3 XU BiF, ¥
DRERFNLRENDSHERIEG, Tabled DLkb T
BB, B oA ieE L ek ox, WREEY L
5&, Faffifhabixll:4:1 4 BiF A1
2: 1Dl #EET 5 Fa B LU B, BTRTthThiEs
Nz &Rz nbh, £ ¢ Homogeneity
test DEER Y, Zhb 4 ME w2 F—DELFIRNC X
BT ERRLE,

¥ HEHY kNt k35D Xanthi OEETEH Y
aabb THhaHERETH EWI, BB, Samsoun, X

ns; non-significant

O Hicks 2 11, W—BEFHE>%¥h AABBTHh5
LEHRTES,

EE3 ZOERICAHCSNE, BEXHEO4KBEORK
BREREEOREER

FENOBEIFI & LT, 304 & 604, ¥ AL
thE LU 24 B oRREO S & BRAWEZT/c - 12,
FE AR & LR RAB AT b DR ML 1,

AN K GIEOTHEL Table 5 A WiRLA, &
DERDHEAH NS, Chb, FEORCHRELTIG
ML TERE R BENER DL EAFUREA
(Table 5B), ¥, MM, M2 OREOF D, WBIRYF
P BT 5 BETR LRI OBIETRITRS
L AR E TR T AR R R B, ’
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Table 4. Frequency distributions of percentage of F3 or B;F; seeds
germinated under the darkness in four crosses

A) Frequency of Fy plants (Hypothetical ratio=11:4:1)

Germination percentage of Fi seeds
Cross 0 10 20 30 40 50 60 70 80 90  total Coodness

Combinations of fit

~ ~

10 20 30 40 50 60 70 80 90 100

Nanbu X Xanthi 60 11 7 9 3 1 1 2 3 1 106 %2=2.1304
e N
observed 79 20 7 d.f.=2
theoretical 72.875 26.50 6.625 106.00 0.25<p<0.50

MatsukawaX Xanthi 91 8 5 13 4 3 2 3 3 1 133 12=2.7293
S——

observed 99 25 9 d.{f.=2
theoretical 91.4375 33.25 8.3125 133.00 0.25<p<0.50
Samsoun X Xanthi 89 22 8 14 3 3 2 1 4 2 148 72=3.0369
L p— - “
observed 111 28 9 d.{.=2
theoretical 101.75 37.00 9.25 0.10<p<0.25
Hicks 2Xx Xanthi 90 13 8 12 5 1 1 3 3 2 138 22=2.8063
—— N N
observed 103 26 9 d.f.=2
theoretical 94.875 34.50 8.625 138.00 0.10<p<0.25

1) homogeneity test: 22=122168 (d.f.=27), 0.990< p<0.995.

B) Frequency of BiF; plants (Hypothetical ratio=1:2:1)

Germination percentage of B;F, seeds

Comimation 0 10 20 30 40 50 60 0 80 0 o OO
10 20 30 40 50 60 70 80 90 100
Nanbu X Xanthi 10 9 9 10 7 7 6 5 4 1 68 722=0.2988
observed -‘1‘;’ ) 33 - b 16 d.f.=2
theoretical 17.0 340 17.0 68.00 0.75<p<0.90
Matsukawa X Xanthi ll_‘ 7 § 11 6 8 4 5 4 1 65 12=0.5077
observed 1? 33 ) 14 d.{f.=2
theorerical 16.25 32.50 16.25 65.00 0.75<p<0.90
Samsoun X Xanthi 13 4 ? 12 6 6 3 4 3 2 59 12=0.8644
observed j? 30 h 12 d.f.=2
theoretical 14.75 29.50 14,75 59.00 050<p<0.75

Hicks 2XXanthi 16 8 10 13 14 7 3 6 6 4 87 ¥2=0.5862

N e’ ~—

ohserved 24 44 19 d.f.=2
theoretical 2175 4350 21.75 87.00 050<p<0.75

3) Xanthi was used as the recurrent parent in the back-crosses.
4) homogeneity test: 12=10.2439 (d.{.=27), p>0.995.
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Table 5.

Germination responses of 4 varieties under the red

light condition and its analysis of variance

A) Mean seed germination percentage of 4 varieties

Red light (min.)

darkness
30 60
Nanbu 0 38.2 67.8
Matsukawa 0 46.0 68.5
Samsoun 0 89.0 95.3
Hicks 2 0 9.1 26.1

1) Mean value of ten plants of each variety.

B) Analysis of variance for the germination rate (angle scale} under the red light

condition for 30 and 60 minutes

MS
Source df.
30 min. 60 min.
Variety 3 4786.73** 3649.61%*
Error 36 13.07 9.18

**  significant leve! for 1%.

= £

KA BT ORERFEN 2 OLMERTIC LB ED
R, WD o fFE Xanthi OOSHEDORER L
FRECHB. B RFEW OBETEN aabb THB LD
RSO, EE A 0 RIEFENY, AABB
AAbD 5 XV aaBB O 3B IR TFHROWThmThHD &
HETE%, £ LTohs 3EBETH LERFEEET
B (aabb) & DX BTz E, TOBROBRL, 3
1) AABBx aabb ¥4 F1 it AaBb, 2) AAbbXaabb
DEEIL, Fiit Aabb, %1c 3)aaBBxaabb i3, Fy
11, aaBb Lig b, ThZhOHERL, FEBH4ATE, Fs
BT ORFEI 0%, 625%, 256.0% % LT 100% OfEk
O, 1)1 7:4:4:1,2) & 3) 43, 1:0:2: 1D}t
%,

FRERROBETFHTHD AAbD & aaBB & D%
RS SRR OBEEROS B L LD LR BT
ThH, 2F v FIOBERTHIL AaBb THY th@
%, Fs T s\ CiL, 7:4:4: 1 OBk AT & B,

ZOWNRE 22 TE, ), B, Hicks 2 % L W
Samsoun ¢ Xanthi & OHEROSEEREHELSL IS
4 ODBENRERmOBETRIL T, AABBTHDH LT
BT ENTEB, FREXAMO2HEZAED F B

R EEoNE o e Sk, iR RE % AIE A
LY FTARRETHB. In¥ind, AAL & aaBB DR
D Fa fiF10136.25% ODIERFLRALDLRD ETHIZ
naD, KZUBRCID LI RBEDH LD B AT
Wk, DF DI OTEHEROR N S AAG &
aaBB DBETFHARBIZIE AW S AR LTS, —
J5 AABB & aaBB (%1213 AAbb) & DR FafEFic
120% ORERFRIPEIh DD, ZDOEE aaBB &
Xanthi & DZRELD Fp [@FEFHVTo Fs BT DOFREIFER
DS EEL, 1:0:2: 1 OB iR Eh3, ZZ Tk
F RO ERIZ0% ThsH Xanthi & D 4EN
BEMED Fa (R0, COXo MR EARLDs
nighs o fe,

¥ b, EED O 1976 FOEBRER TR GG
B 3 BETFH AABB, AAbb, 3 X\ aaBB &
Moz &, TihbbRaERIGEOZEREN D
OBEETFHOERIL LD O TRV LR EHT 20
BB o, 4 B E BT OWTR—D AABB
DBIETFRTHD L THENTELND, BRFhY
TR 5 METR RO L LR T 2 -ETFRE
R BCENERTED LEL LR D, BASHOK
Bl &e® 5 Z L1t X » T AAbb, aa BBRIDE{E
FRAHTHRELHANTELTHSH P, HESY 1,
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HADOFEFB BTk, BREFEIZLDLAEVE
LTV 5, FOEE & UTIERRE DR Rk B
TAHREFR L LC AABBRIRRFE A LTk
HEZhS,

Bl X5, #3)I, BH, Samsoun ¥ L ¢ Hicks 2
O 4 BRBIREFE T ABRC KA LENE A E T 5l
EFR2FE D, BIRFECOWTL, A—oEET R
(AABB) L TWBZ EpffEE S h o, FDRdk
BRI >V CORBROZERDH 5 = L B4,
IEXRICHE LRI OBETR & ORFUEORD
FEinot.

HICEHR D ORI, FEXRISEOBLEIFIc D
W, B RIGHE R B E LD, Z offilss,
AABB, AAbb, aa BB BT D& HRBHOER L LTHR
HMER2EE BB VR, Thbkdicil, AABB,
AAbb, F12Y aaBB BIZTE A F oK HEHEN TRE
KDPREBRH T NE T L5 FThHiewA, B
oW T AABBEEFRAER B I 2E#EEIRc4
Y HCIEREROBRESS S, REXKIGHEDMRE
RERN TR Shic,

BRI SR O R ENXRIGH 1T 5B
Kok, FoMAYkc s HRETHTET
B5, .

AREERICHE Y, BERFM & EN LB THS
EHFERTEDD, BRIMETAGL 74 b7 e afk
EROXEFHRLRTZ EBHMLRTu b, 2hb
DB, BTHO7 4 F 2 e 2F%% N LCEBENCIT
RHERAERELTWBESLS L#EETES,

i ] E

1974 5.0 £ -~ 2 0 5 FER O ZEAEL O %I, e E
eI, L, Samsoun % X8 Hicks 2 @ 4 5
& Xanthi & 0GR AVT, BEREEOBETFHH
EENMRET L o RABBE L1,

Fy i Tz, 11:4:1, FiB T\ ik 1:
2:1 OO BEEFHEE S h, FEREFHCE T 5 & E T,
dAERED, 2XTH D, B FfETFese iz, B
KB O HZRBR T, HEARDLRT, 20
4@ n AABBOBETFHETHL - L ERIhI,

Hi, O 4REORENRRIGHC OV TRE 2 ML
ks, MEMTEEENRDLR, BRFEC O
TOMETFRHIF—TH b ienis, FRERORIGHD
Righ &0, FROIEFIGH: LR OBET R
Bhbz Eb¥-7e,

31 B X

1 EHEH -EEARM - MIEE: 2 "BTFOKRE
LR OMEFEWR, £ 1H, HrTERRCET
LT ORI o BIBEFE, LREA, 10:
354-358. 1977

2. IEWMEER - -EHEREMIEHR: 22 HTOXR
B O ZHAM I X 5 EENEY, JERERE,
10, 139-146. 1977

3. MEFEZ-HE H-ATERE -HEEH: HoE
FRIF/MCOGT, B o WR, 730 31-34. 1976

Summary

In order to confirm the difference in the genetic
system between dark-germination and the sensi-
tivity to the promotive red light effect of germina-
tion, further investigation on the genetic behavior
of the dark-germination of tobacco seeds was con-
ducted with progenies of a diallel cross of five
varieties which were different from each other in
light dependence of seed germination. The variety
Xanthi is known to show dark-germination. Va-
riety Nanbu, Matsukawa, Samsoun and Hicks 2
are also known to be light-requiring variety in
seed germination, and the degree of light depend-
The cultivar Xanthi

was used as a recurrent parent in back crosses

ence differ to each other.

for the genetic analysis.

he germination tests were made with the seeds
of parental varieties, Iy, Fa, F3, BiF;, and BiF;
under the dark condition at 25°C.

The results obtained can be summarized as
follows.

None of all F; hydrids showed the seed germina-
tion under the dark condition. It suggests that
genetic behavior of dark-germination may be
treated as “all or none character” and this pro-
perty may.be completely recessive to the light-
requiring habits.

The germination rate of Fy seeds of Xanthi x
light requiring cultivars ranged from 5.3 to 7.2
percent under the dark condition. The germina-
tion rates of Fy seeds were approximate to theo-
retical value of 6.25 percent which is expected
under the hypothesis that the dark-germination is
controlled by double recessive homozygous geno-
type such as aabb.

The dark-germination rates of F; seeds of cross

combinations between two light-requiring varieties
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were 0 percent. These results can be explained
by the hypothesis that the crossing had been
made between either one of three combinations
i.e. 1) AABBX AABB, 2) AABBX AAbb or 3) AABB
XaaBB. Among four light-requiring varieties,
cross combination AAbbXaaBB had not been
made, because such cross combination would have
produced 6.25 percent germination of F; seeds.

Under the genetic hypothesis mentioned above,
the germination rates of F; seeds produced by F,
plants were expected to be classified into following
4 classes; 0.0, 6.25, 250 and 100 percent. The F,
plant with dominant homozygous genotypes at
either one of two loci necessarily produced Fj
seeds with one dominant gene at least, and, thus,
these seeds cannot germinate under the dark con-
dition. The expected frequency of these genotypes
in F, plants is 7/16. The plant with double het-
erozygous genotypes produced F3 seeds of which
expected germination of 6.25 percent, i.e. the ex-
pected frequency of double recessive homozygotes
of F3 seeds. The expected frequency of this geno-
type in F, plants is 4/16. The F; plant which is
heterozygous at one locus and recessive homozy-
gous at another locus (eaaBb or Aabb) will produce
F3 seeds of which 25 percent can germinate under
the dark condition. The expected frequency of
these genotypes is 4/16 in F, plants. The other
genotype, of F; plant, double recessive homozygote
of which expected frequency in F, is 1/16 will
produce F3 seeds of which all can germinate under
dark condition.

Similarily, frequency distribution of dark-

germination rate in B;F; plants back-crossed with
Xanthi is expected as follows: 6.25%: 25.0%:
100%=1:2:1.

Moreover frequency distribution in dark-germi-
nation in F, plants of hybrids, between AAbb (or
aaBB) and aabb is expected: 00% germination
rate: 25%: 100%=1: 2: 1, and B,F; plant back-
crossed with Xanthi; 0.0%: 25.0%: 100%=0:1:1,
The observed freqnency distribution of F; and BiFy
plants seemed to be continuous and disagree
with the hypothesis mentioned above at a glance.
However, the classification of class as those shown
in Table 4 satisfied the tests for goodness of fit.
This classification was made in consideration of
sampling error, bias of germination rate in the
past tests and the loss of viability of seeds with
double recessive homozygous genotype.

Thus, the hypothesis that the double recessive
homozygous genotype is responsible for the dark-
germination may be again tentatively justified.
Furthermore, inability of dark-germination of
Nanbu, Matsukawa, Samsoun and Hicks 2 is con-
trolled by double dominant homozygous genotype
such as AABB in common.

The existence of genetic difference in the sensi-
tivity to the promotive red light effect in germina-
tion among 4 varieties suggested the difference in
genetic system between this trait and dark ger-
mination. Because identical genotype responsible
for the dark gerimination, which is confirmed
mentioned above, would not have produced the
different sensitivity to red light among 4 varieties.



