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" The inheritance of the: growth perlod in rice has been studred by Nomuray
and Yamazaki (1925), Yamaguch1 (1931), Ramlah (1933) Fuke (1954), Syakudo
and‘coworker‘s (1954 etc) and others Early Workers reported the role of .a
few getries 'in their ‘varietal hybrids, those cond1t1on1ng earliness being mostly
dominant. Ramiah and later workers pomted out, as rev1ewed by Chang (1964),
that epistatic interaction and plelotroplc effects of genes mlght be ‘involved in
th 1nher1tance However, on account of ‘the complex1ty of segregatlon ‘pate
terns, ‘the effects of individual genes could not be clearly dlstmgulshed It . is
also difficult to compare genes postulated by one author Wlth those of the
' other authors. . S e : :
o-Inrice, the growmg duratlon of a varzety depends large]y on the t1me of
flower 1n1t1at10n as the period from flower initiation to headmg does not differ
much among varieties. Flower initiation is controlled not only by the inherent
vegetative period of the genotype, but’ also by daylength and temperature_
“and the modes of response to these outer condltrons are genotyplcally deter-
mined. As regards the inheritance of photoper10d1c response ‘a dominant ; gene,‘
linked with ‘the apiculus coloration gene "Ap (p0331b1y synonimous with C)
was described by Chandraratna (1955).  Other workers (Fuke 1954b, I.R.R. L.
1964, etc.) also reported that photoperiodic sensitivity was compleétely or partly
‘dominant. Since earliness in the basic vegetative period is dominant but that
- due to-insensitivity to photoperiod is recessive, earliness genes may be either
dominant or recessive according to the parentage, as set forth by Nagai (1958,
pD. 327-337). The existence of genes conditioning temperature response was
suggested by Fuke ( 1954a), though their effects were not analyzed. '
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" sincere thanks to the Joint: Commissicn on' Rural Reconstruction for -the generous -
financial support  (bestowed on Dr. C.H. Hu and the senior writer for “Studles of the
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In the previous paper ‘of this: series (Tsai and Oka 1965), the writers have
dealt with 1sogen1c lines of Taichung 65, Whlch carry an earliness gene dérlvedf
from a Northern Chinese variety, Tatong tsarlal ‘and from a Northern Japanesef
variety, Bozu 5. Apparently, these var1et1es may dlffer from’ Tarchung 65 not,
only in the partrcular earliness gene but also Ain many other genes controllmg
flower initiation.  We have attempted an analys1s of those genes. In this
paper are reported the results:of the genlc analysrs of Tarchung 65><Tatong-
tsa1 1a1 and a few other crosses, S :

¥

“Materials and Methods

Genetically pure strains of Taichung 65, :Tatoﬁg-tsailai ~ A3, Taichung 180
and K1ss1n, all belongmg to the Japonlca type, were used for crossing expen.
ments Talchun 65 (abr1dged as T. 65) isa representatlve Ponlai “variety of

'n’ selected from a cross of two Japanese varletles KamepxShmrlkl. :

Its growmg duration (seedlng——headmg) yanges from ‘about ‘110" ‘days (first
crop, seeded in early February) to about 80 days (second crop, seeded in early
July) Tatong tsailai (Ttg) has an about 75. (first crop) to 50 (second crop)
' days growing period; it'is the earliest of our varietal collection from various
Asian cou‘ntries.‘ “AB3 s an isogenic line of T.65 ‘with an earliness gene derived
from Ttg. Taichung 180 is an:early Ponlai variety selected from Awned Asahi,
a native var1ety of Japan These varieties are 1nsensrt1ve to photoperlod S0
that the1r growing duration in a given condltron may be cons1dered as deter-
~ mined by their basm vegetatrve perrod and temperature response Krssm is
a selection from a cross of Japanese “varieties, K1b1ho and Shmr1k1 and s
sensrtwe to photopsriod.: : e

"The materials were grown in thé first and sécond crop-seasons in - the
experrmental ﬁeld “of Chung- Hsihg University, Taichung; by the’ standard
method of rice: culture in Talwan (the reader may refer fo our prev1ous paper,
Tsa1 ‘and Oka 1965) The date of emergence of the ﬁrst pamcle from a plant
“was recorded as the heading date of the plant ~and recordmg was made on a
s1ngle plant ba31s i ;

Results of . Observations
1. Bzometrzcal analysis of Taichung 65 xTatong tsailai hybrid.

“The F1 hybr1d of T.65XTtg was about 25 days earlier than T.65, and
about 10 days later than Ttg, the earliness being incompletely: domma.nt.
The: F; population exhibited a continuous rangeﬁ of heading date, as shown i
Fig. 1. The mode of frequency distribution suggested a 3 early" 461 ldte
ratro, but plants showmg the same maturlty as the parents were rare. In ‘the
ﬁrst “crop-season of 1962 the F, (d1v1ded 1nto 4 plots each consrst ng of 30
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Fig. 1. Distribution of heading date in the Fy of T.65x Ttg.

plants), 100 F; lines (each consisting of 15 plants) and the \pare‘ntal‘ stifains

{divided into 4 plots, each consisting of 15 plants) were observed.ina rétndo'mized
block expeiment with two replications, and the data were analyzed by Mather’s
{1949) method. The hybrid populations of T.65% A3 were also investigafeydyi
in parallel, The results of analysis on heading date are given in Table 1.

" Table 1. Values of variance components of heading date estimated by
- Mather’s method for T:65XTtg and T.65X A3 (First crop, 1962).

. TesxTtg - | - TH5% A3

Item Obsetved Expected, Observed | Expected,

Exclud-_ Includ- EXClud§_ Includ-
ed Vyged: 1 I Aver ed Vs ed

Vs | 4493 4085 4289 | 4236 4127 | 1843 1512 1677 | 1675 = 16.03
Vs | 3317 37.00 3508 | 3405 3406 | 928 1269 1099 | 1094  10.4
‘Wref/es | 3178 3267 3223 | 3379. 3379 | 1021 1253 1137 | 1144 1144
Ves | 2124 1905 2015 |(20.15) 2241 | 808 666  7.37 | (7.37) 886
Ey | 413 413 413 | 464 355 | 405 274 340 | 241 = 168
E; | 150 083 117 | 223 224 | 114 066 090 | 096 096

T I Aver.

Sum' of 'squares. of deviations 20.01 - 44.09 1793 2738
D 59.69%* & 4.67 17.05%* 1 367
H 8152 +1494 ' 2328 +11.75
Ky oo o 4.45 e : 1.03
Ky te : 076

'Variance due to:  d.f, ; ,

" Linkage SR | 15.08* 9.4r

< ‘Interaction’ | 1 19.67* e G : 9.55
Error 6. 1.56 . : : 1.33

** Significant at 125 level,” * at 525 level.




data in the table show that the observed values of variance co

~nents are generally cons1stent with the expected values. The T. 65><A3‘c
mvolves only one gemc difference, since A3 is an isogenic line of T.65 car-f ,
rymg an earhness gene derived from Ttg (Tsai and Oka 1965). The Values .
of K; and K estimated for this cross, being approx1mate1y 1.0, also prove this.
The relatlvely large value of 'H yvamance may be ‘regarded as 1ndlcat1ng the, -

¢ dommance of ‘the earliness gene over its recess1ve allefe. This gene pair is

_symboled as Efe.

The difference in the values of varlance components between the two crosses

may be considered as due to the effects of ‘other genes than Efe. As regards '

the add1t1ve gernetic variance, D, about 30/ of that released from T65><Ttg

seems to be due to the effect of FEfe, while the remaining portion may be"

: attributed to the other genes In T.65xTtg, the values of K, and K, indicate . ‘

that two to. four effective factors might be concerned The larger value of

K, than that of K, suggests that all ‘genes condltmmng earhness are carried by -

g and all for late maturity by T. 65

nk ge test by Mathers method showed that in: both crosses, the -

1an es due to lmkage and resldual mteractlon were s1gn1ﬁcant These -




hybrids
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that A57—8 dlffers from T65 only in the possessmn of E and My As they |
-~ are not 1sogen1c some other genes Wxth smaller effects may also be 1nvolved,"
m their hybr1d

Table 2. 'DiStributiOnéof headz’fég ddie in ‘thé F, frand F3 populations,
of T.65xA57-8 (Second crop, 1964). :

Assumed Sep. Oct. | No. »  No of
geno?ype 1012714 16 18 202224 262830 - 246 lan | lines 5
comym; V 1 63128 8 11 ‘
EEM,M, :

E€M1M1

Fy lines

‘ A3>< :
A57-8 Py

,czoss T65><T’fg, and 1s nearly as early as

. A36-—10 °h ‘ed mcomplete dominance for ear’

varied in a ;contihuous range‘ f ‘ A36y 10 to A3 types, as shown in Table 4,

;,When certam early homozygous lines ( (M4—1 etc.) selected from T. 65>< A36-10 :
- were cr ossed with A3, the F; hybrids also showed the same haadmg date as

the abov >, entmned and the F, segregation appeared to represent a1l early '

(M4 type): 2 ,medlum;. 1 late (A3 tYpe) ratio or a 1 early '3 late ratio;
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as also shown in Table 4. The early segregants of M4 type were found to
breed true. These facts indicate, as assumed from the results of comparlson V
v of many Fy hybnds (Fig. 2), that A36-10 ‘has an additional earliness gene ;.
_ which is recessive or has no dominance. It is given the symbol M2

Table 4. Distributions of heading date in the Fy's of
A3XA36-10 and A3X M4-1 (First crop, 1965).

Apr. May - S
20 23 26 29 2 5 1 147 17

21 5 2

The pattern of segregatmn in-Table 3 may be accounted for by assummg

that my is 1ndependent of E and M, and that 1t exerts a heading- promotmg,

effect only when E is present in the same manner as does M. - The genotypes
of the relevant strams,maykthen be assumed as follows: e
©A36-10 (=Ttg)—EMm; M 41—Emym;
A57-8 - —EMi+, A3 —Emi+,
T.65: , —enii-t M24—4——eM1m2
A number of F; lines showing the same heading date as T65 Were
selected from T. 65x A36-10. One of them, Mz244, was cons1dered to havef -

_the genotype eMims, because, when 11: was crossed W1th A3; the F; showed . ~

~ the same heading date as the F; of A3><A36—10 and the F, showed a wide-

range distribution s1m11ar to that of T65>< A36-10, about 3/16 bemg as early - -
~as A36-10. In the same manner, the genotypes of MSG and other six lines were

found to be eM1+z, ‘and that of M34-12 to be emms These facts support the, '
above assumptlon of genes : : : :’
It may be concluded from these experlmental results that when T, 65 and .
Ttg are crossed, Ttg has an earhness gene 'E and at least two 1ndependent :

modifiers, M1 and m;,, and that both M1 and m, accelerate flower - 1n1t1at 1
“when E interacts. leferent genotypes may be arranged in the order of,' ‘
k ’earlmess as follows: ;
‘ EMﬂ'l’Lz(Ttg and A36—10)>Em1m2(M4——1)>EM1+2(A57~8\>Em1+z(A3) .
eMum; (M24-4) = emm; (M34-12) =eM;+; (M36, etc.)=em;+3 (T.65) o




k Cb’ﬁzpa’m on of obsefi)ed and xpe’c;t‘eﬂd‘/:d istributions of
 heading date jor the F; of T65xA57-8.




;'c‘omparable cond1t10n, it was found that the former cross had l-arger k -
than the latter (4Vy,=67.19 and »V3,=44.01 for T. 65% A36-10. yV;,=43.26 and
\ ﬂVF3~37 84 for T. 65X Ttg. Estimation in 1964, first crop). SinCe A36-10 isa
omozygous fine derived from T. 65><Ttg, it cannot have more gemc differences .
o from T.65 than Ttg would have. If the segregating genes other than E, M;
'and m; are additive in effect, the genetic var1ance released from T, 65><A36~10 o
cannot be: larger than that from T. 65><Ttg It may then be suggested that
kpolygenes segregatmg in the present cross Would on the whole tend to paralyze
- the effects of major genes, in such a manner as delaymg the heading of early
lines and accelerating the ‘heading of late hnes. The discrepancy between
__observed and -expected Fg variances found in T.65x A36-10, the former being
smaller than the latter, may be accounted for in the same ‘manner, If poly‘, -
' genes exert such a paralyzmg or-buffering on phenotypes determined by major -
genes, the frequencies of segregants at both extremities: of ‘a distribution Wﬂl“ :
’"be lowered and the distribution will become more continuous in appearance
”than expected from an add1t1ve model. This situation is often found in the‘

data of this study {e.g.,; Fig. 1) as well -as in  other papers on quant1tat1ve',’ -
characters. : : :

4. Seasonal a’zﬁ‘érence m gemc eﬂect ;
The genic ana ntioned above is based on the data from second cropV' -
- experiments,’ It was ,ound that the F, populatlon of T.65X Ttg, grown in ,
~ the second Crop- season, contamed a feW segregants kw1th the same headmgl"
o 'date as that of i 65, kbut When grown in the ﬁrst 10D, no such segregants'
' appeared (Fig. 1) It 1s poss1b1e that the buffermg action of polygenes,"
postulated in the prevmus chapter, is 1ntens1ﬁed in the first crop- season In :
- the same manner about 25% of the F, plants of T. 65><A36-10 were of T65
k type in the ‘second crop, but only about 10/ showed the same heading behavmr
_as T.65 in the first crop. The mean headmg date of this Fz populatlon was o
in the first crop by 1.4 days earher, but in the second crop by 4.0 days later ,
than the mid- paren’cal value. This suggests that in add1t1on to “the poss1b1e .
seassonal difference in polygenic actlon, some of ‘the ‘major ‘genes controllmg
 flower initiation exert different effects in the first and second crop-seasons. -
~As: already mentwned a ‘number of F3 lines showing in the second crop '
the same heading date as T.65 were selected from T .65 x A36-10. Their
_genotypes were thought to be eMum, (M24-4) or eMi+; (M36 and others).
- The heading:dates of ,these"'land other strains in the 'ﬁfstyand second crop-
seasons are given in Table 6. The table shows that the strains with e and -
M, which show in the second crop the same"headingdate as T.65, are in the




f

Botanical Bulletin of Academia Sinica

first crop significantly earlier. This implies that the earline’sé modifier M, which "
intensifies the effect of E in the second crop, can promote heading in the first
crop without E. The other modifier, m;, also. seems-to have such a seas,on-:
dependent effect to some -extent.

- Table 6. Growing duration of stréiné wzth dz’ﬁerent genotybes in
the first: and second crop-seasons, as shown by the
number of days earlier -than T.65.

First crop - ' Second erop

1962 1963 1964 1965 Aver.| 1962 1963 1964 1965 Aver.

Genotype: : : :
Seeded on Feb.: Jan. Seeded on. July:

12 25 6 23 11 .19 9. 3

84 1l4 89 116 101 75 118 93 73
230 263 215 236 . 223 179 1.7
: , 261 26. 208 213
316 354 293 321 302 337 329 289
319 347 354 313 333 279 3O B2 317
84 72 78 24 -05

69 69 01
5.9
1115 980 1143 1190 7 802 843 8L7

™+ Average for N3, M39, M4s, Moz, M4, Msb. 193 is. .
| EE Actual number of days to heading is- Shown It was ta’iken as' zero,

. It‘ls known that all the strams under obervatmn are 1nsen31t1ve to photo-

' tpen_' 5 The major fact_ , respons1b1e for the s,asonal change in the genic -

, effect may then be cons1dered to be temperatur : in. the first crop- season‘\""‘ :
. Weekly average temperatures for the per1od from tlllermg ‘to ﬂower ‘initiation
are 19° to 23°C while those 1n the second crop are 26° to 28°C It may be inferred
that the action of the earhness modtﬁers differs accordmg to temperature :
From the data in Table 6, the headmg promotmg effect of various earlmess,
k 'genes in the first and second Crop-seasons may be estl.mated as follows. e

< No. of days earher than T.65
Second crop . First crop =

9.0 - 10.1
17.0 S 238
286 o261
314 - 327
01 69
0. . 59




,"Mluand"mg -
M (with E)
My (w1th E)

. genes, the heading dates of F; hybrids with different gene combmatmns in
~ first and second crop-seasons were compared. E as well as My were almost
completely dommant over their recessive alleles in ‘both the first and second_’ o

crop-seasomns, but the dominance relation between m, and -+, seemed to differ

k accordmg to season. m; was slightly dommant in the first crop, but tended to

. be recessive in the second crop. ;

5 Dzstrzlmtz(m of ‘the earliness gene E in different varieties. ,
- For finding out. genes controlling photoperiodic response, T.65 was cros ed ,
,w1th a photo-sensitive variety, Kissin, which was about two weeks earlier than
’ 'T 65 in ‘both the first ‘and second crop: seasons The F; hybrid showed ‘
 same headmg date as Kissin in both seasons. The F, showed d1fferent pat-
terns of frequency d1str1but1on accordmg to the growmg season, as shown in

o segregants were K1ssm types and the late ones T. 65 types though the
. but1on was contmuous It may be inferred from the ‘data in-the table that ,

the early plants carry a dommant gene condltxonm : photopenodlc sen31t1v1ty,

jsame would be the case w1th the first-crop expenment However, whe‘

F, plants were seeded 1n May and grew under long day condxtxon, plants'

earher than Klssm as Well as those later than T.65 were found. From the

| es, the maxor n1c d1fferences between the two vanetles may .

consldered as follows: - -

P A photoperxodu: sen51t1v1ty gene, dommant over 1ts non: sensm ',

allel, p. : '
An earhness gene controlhng basic vegetative per1od domlnant ‘over
its late maturity allele, oy and 1ndependent of P. ' -

o The genotypes -of T65 and K1es1n Would then be p e and P Ez, resk

- ~t1vely They show the same head1 hen seeded ' in May Segre ants

 earlier than Klssm ppearmg 1n . ay seeding would have P E,, and" those

_ later than T.65 Would have Pe,. The segregatlon ratio in May seedm
,‘then expected to be 3 early 10 medium : 3 late, and the ‘observed frequency,’ ,
, dxstrlbutlon gave a good fit to the expected distribution. An F; line (D53-3),
- fposs1bly having the genotype p E, was selected from the cross, and wes crossed"' ‘i

- w1th A3 which would have p- E. As shown in Table 7, the Fg plants did not

segregate in such a wide range as in T. 65xKissin. The F; dlstrlbutxon some-

What exceedmg the range of the parental d1str1but1ons ‘may be regarded as"k .
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‘Wlth an earhness gene from Bozu 5 whlch was’ found to be 1soa11e c’j \
h E ({ Tsai and Oka 1965) The F2 of C48-1x B9 did not show a 51gn1ﬁcant'
' segreaatlon, as also shown in Table 7. Therefore, C48-1 must have E. From‘ .
these experiments, it may be pomted out that Tatong tsa11a1 (Ttg), Bozu*5~

rned Asahl Talchung 180 and szsm have the same earhness gene, E
: common : ‘ -

~ Discussion

. When confronted with phenotyplcally continuous genetlc variations in a ;
quantxtatwe character we employ a stat1st1ca1 method of analys1s to est1matef
alues of varmus genetic parameters We have no other means if the

arxatmn is really due to polygenes with minor 1nd1v1dua1 effect.” In many cases,

‘however, genes W1th cons 'derable 1nd1v1dua1 effects are h1dden behind continuous
, ‘vanatlon Such gene W uld have eplstatxc as well as pleiotropic effects o
d1 erent characters ‘while the Whole plcture of gem ffects may differ accordi
) ons. er1tab111ty values may be

o 1nd1v1dua1 genes may be conducted to a ]1m1ted exten

~From these cons1derat10ns we have: attempted to analyze 1nd1v1dual genes -
to a certam 11m1t treatlng the reS1dua1 var' io ""'polygemc portlons The

y W ‘ile Tatong tsa11a1 is'an extremely early varlety Our ge'nc analys1s o

‘1n respect to matunty these two var1et1es dlffer m at least three

‘ fappeared to be modlﬁers whlch promote ﬂower 1n1t1at1on when E mteracts
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- This relation suggests a chain of rea.ctmns controllmg ﬁower 1n1t1at1on

often found in the process of plgment formation in plants. - Gl
' “It is interesting that under the high’ temperatures (26°—-28°C) of the second,

~crop, both M, and m; exert their effect only. when [E is present, but under
5 ‘lower‘ ‘temperatures  (19-23°C) of' the first crop :they can work ~without

E As already mentioned, since both Taichung 65 and  Tateng-tsiliai are

insensitive to photoperiod, these seasonal differences in genic action may be

attributed to temperature differences. It seems that the action of these

modifiers is twofold one to exaggerate the effect of E in a complementary\

~manner, and the other to promote dlrectly flower 1mt1atron The latter is
~ limited to a low temperature condition and is hindered under hlgh temperatury
As regards the former action—to exaggerate the effect of E; our data { Table
' 6) suggest that this action of M, is enhanced under relatively low temperatures,
~ but that of m, is rather weakened under low temperatures.  In view of these
k facts“, M, and m, may be regarded as genes which promote flower initiati
in a ‘low-temperature condition, lowerlng the temperature response in res; C
to flower initiation. g k'
The junior writer (Oka 1959) has shown that temperature ‘response of the
: growmg per1od can be partltroned into that of vegetative growth-and that of
 flower initiation. The rates of acceleration of vegetativ ‘growth and of ﬂower
- initiation due to 1°C rise, estimated by the junior writer as well as by Dr.
S.C. Hsieh and MISS T.M. Chang of the Ta1wan Agrrcultural Research
,'”Instrtute by the same method are as follows
Rate of acceleratlon due to 1°C rise

.~ Vegetative growth ~ Flower initiation V
- (Oka) (Hsieh and Chang) (Oka) (;Hs1eh and Chang)

_ Taichung 65 26%  99% 43%  47%
‘Tatong-tsalla1 r63 29 , : 08 e 26

- The above comparison shows that Tatong-tsailai has a lower temperature‘ ' k,

' response of flower initiation. than Taichung 65. This seems to be due to the*k

feffects of the earlmess modifiers carried by Tatong-tsallm , L
In the present study, we have suggested that polygenes, whose individual

- effects could not be analyzed would as a whole exert a buffering action, .

yacceleratmg the headmg of late-maturity genotypes and delaying the heading :
~of early maturity genotypes. It may be that a minor gene with ‘a headmg.
Vpromotlng effect tends to be less active when it interacts with a certain earli-

ness gene, and v1ce versa, Or, it may be that polygenes have a “canalizing

effect”, as postulated by Waddington (1952). Such a polygenic effect also
seemed to be temperature-dependent, being enhanced by low temperatures _
On the other hand, the effect of the earlmess gene E did not seem to be,




the so-called veget' e per1od We have pomted ou.t before (Tsa1 and Oka
1965) that in the genetlc background of Talchung 65, E exerts pleiotropic effects
- not only on plant he1ght and: other characters, but also-on the pattern of'ﬂ
_ “responses - to nitrogenous fertxhzers and other growing ~conditions. It seems
that an acceleration of flower initiation . by this ‘gene -brings ‘about various

, k"physiological changes Which might'be developmentally correlated. We do not»

‘ Summary

‘re’preSentatwe Ponlal vanety of Talwan, Ta1chung 65, and an extremely .

early variety from Northern Chlna Tatong-tsailai, were compared regardmg
‘their dlfferences 1n genes controlhng the headmg date; both varieties belong

homozygous progeny nes from the origtnal Ccros
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