GENIC ANALYSIS IN RICE

I Coloration genes and -inheritance of other characters in rice”

Gemc analysxs in rice has been reported by Chao (1928), Yamaguch1 (1939),
Mormaga (1933, 1938 1940), Kadam and Rannah (1938), Jodon (1940 1943, 1948)
Nagam nd ’I‘akahasln (1943 1946 1947), and other authors. However, because

: ces in ‘the mater1als, a gene described by an author can not aIWays y

1951, 1957), have made intensive studles on the inheritance of coloratxon at
' apiculus and in other organs and have demonstrated that the expression of colors
in ‘various parts of the plants is controlled by the chromogen gene C iand its
activator Sp which work« ina com‘plerﬂentary f.ashion, and that data by other
workers could be explamed by th1s hypothesas '

Wxth’the view: to re- examme_the system of genes estabhshed by Drs. Nagao

ashx, the: wnte is being engaged in genetlc expenments as reported
f. natetials, strams designated as gene markers by Dr. S.
of the Hokkaxdo University, Japan and by Dr. N.E. Jodon of the Louisiana

Agricultural ‘Experiment- Station  are -used; for:. ;Whlrch_the writer is ;,gi‘eétlyﬁ Lo

indebted to the-two scholors.

Materials and Method ’k

Ten gene marker strains contributed by Dr. Jodon, four by Dr Nagao and

g three local strams belonging to the Pon1a1 or Japonica typc, were used as cross
parents. The gene symbols given by Dr Nagao were dlrectly used; whlle those
by Dr. Jodon were rewrltten 1n accordance with the Nagaos system The

putatwe genotypes of these strams are given in Table 1.

(1) The writer -wishes to-express his hearty thanks to Dr. H W. L1 of the Instxtute of
Botany, Academia Slmca, for his kind dlrectlons and encouragements, and also to Dr.
H.I. Oka of National Genetics “Institute;’ Japan “for his valuable sxfggestlons and
s :revision -of -the: manuscript::- Acknowledgement .should be made further to Mr. W.¥:
Tan.for his cooperation in statistical problems. The expenses of thlS experlment were
fnanced by the Rockefeller Foundatmn under appropriation RE 59029 in support of
" gtudiés on the cause of low yield ifi- Tropxcal and subtropical reglons For which the .
writer -also wishes to:express his sincere gratitude: e T gt
, (2) Assocxate Agronomxst Tazwan Agricultural Research Instltute
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Table 1. List of strains used as cross parents.

- Putativé genic

StIfIii;n Local name ‘constitution Descr‘iption‘
A-5 | Akamuro ¥ 'iemn?a and,
SAS13 Chabo : CB sp Rﬁ : " Tawny lemma and palea
Lo G i ‘Purple apiculus; colored lemma
A-58| Kurornoch; : CB Sp Rﬁ Pn Pla gl palea, purple nocle, purple leaf apex
s and. margin; glutinous endospernm.
H-59 Muyozetsto CB 8,4 Ig gl Pink-apiculus, liguleless, glutinous
— endosperm,
7101 Hp P Purple hull, purple leaf blade.
7107 Hp Purple hull
7108 Hp Ripening red lemma and palea. -
7111 fer _Ripening white lemma and palea.
7126 o '
7156 cldhbe.
THEG |ink = Coloﬂess apmulus, anclosed leaf
et A Y e d A Aplculus purple; long twisted gram,‘!;
7237 Ap lgt df hg glabrous hull, dwarf.
7245 o ar ‘Dwarf, clustering spiklet.
c P-123 ggfcggng . * Apiculus ripening brown, Domestic
c-1 1 Wu-siang- Purple apiculus, colored lemma and
) Keng palea, brown seed coat. Domestic
;C'—12 : Purple apiculus, colored lemma and
e palea. ) ) Domestic

‘The - colorations at apiculus and: stigma were observed at the headin;
‘using the symbols “+” and “~” to represent colored (purple to red),a nd eol
states, respectively. Coloration in lemma, palea, pericarp and ot]

0

plants were also observed at different stages: ‘The glutinous vs. non- glutmous
character of endosperm was tested by Iodine tests of grains.

' Experimental Results

1. ‘Inherz‘tzmce of the coloration at apz'culus ,
The coloration at apiculus in parental strams, Fis, and its segrega‘aon 1n

F, are given in Table 2.
In all the crosses given in Table 2, Taichung No. 65 or P-123, is used as ‘the
: female parent. The apiculus of this strain is colorless or green at the headmg
“time “but-shows: a light brownish color at maturity. --Among the male parents,
seven have a purple color, two have a red color, and the remaining five are

colorless

In all crosses between P~123 and colored (purple or red) strains, the

Fis were colored at the headmg tzme, and the Fz segregated mto 3 colored.
‘colorless without exceptlon ' "
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According . to Nagao and Takahashi (1951, 1957), apiculus coloration is

determined by the ' complementary effect of the .chromogen gene C and its
activator Sp. The gene loc1 € and S;IJ each comprlses its multiple allelic series,
five genes at the ¢ locus and three genes at the Sp-locus being known, and
 their dommant relatmns are CELCPP>CEI>CP e and Sp>S,'f>st, respec-
tively. The phenotype of P-123, aplculus bemg colorless at the ,headlng me
and: hghtly colored at maturity, is expressed by the combmatmn C sp, ‘where C
may be CB, C'?, C3, or C37. 'The genotypes of the two strains, A-—58:s and’
H-59, which are the materials used by Dr. Nagao, are already known to be CE
S, and C3 S,? respectively. E

When P-123 was crossed with A-58, the F, showed the same purple coloration
as A-58 and the F, at the heading time segregated into 3 colored (purple to
red): 1 colorless.. When crossed with H-59, the F; showed a light red color as
seen in H-59, and the F, segre'gated into 9”dark red (CZ S,), 3 light red (C#”
S,%) and 4 colorless (CZ sp, CE” sp). When P~123 Was crossed ‘with such colorless
as 7156 7184 and 7126, the’ Fls had a red color; and the E, segregated mto 9
red: 7 colorless at the headmg time.. Then, . genotype. of P~123 may
to be C®” sp. L

Regarding the genotypes of strains 7101, 7107, C—12 7111, 7237 and. 1",»‘;

thelr Fis with P-123, and their colored segregants of F,, all showed the purple
color as that of A-58. Their genotypes may therefore be C# Sp. "According to
Jodon’s Correspondence (1955), 7237 has the gene. Ap (Apiculus purple). It seems
that the Ap corresponds to the C of Nagao. ‘ ,
' The genotype of colorless strains which gives a 3 1 ratio in the F, may |
have c¢ sp, since all their Fis and F.s were colorless at the headt'
‘ after maturlty, the F; and three quarters of the Fz plants showe‘ ‘

_ color as seen in P-123. [N
‘ Ba,sed on these cons1derat1ons, the genotypes of parental strains were
k assumed as given in the last column of Table 2,
‘ Further, it was pointed out by Chao (1928), Jodon (1948), Morinaga (1940),
Nagao and Takahashl (1956), that there should be the third gene (A by Nagao,
or Ap by Morinaga) which is responsible for the spreading of anthocyamn
pigment and works in complementary manner with C and Sp for. aplculus ,
_colo_ration., According to Nagao and Takahashi (1951), both ‘A-58 and H-59
have dominaht gene A; It then seems that all the strains used in the -present
study have A. ‘ - V

2 Segregatzon Jor stigma coloration in F;. ,

It is generally found that a’ plant with colored stigma always has colored

“apiculus, but. the colored ap1culus is not always correlated ‘with colored stigma.
In -other words, genes for aplculus coloratlon are eplsta‘uc to those for stima »
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coloration. 'The data in Table 2 also show that this relation holds good in: the
- data of present study, though exceptmnal ‘cases for this rule haved been reported
- (Jones,; 1929; Oka unpubl.) L e

-'The following four different: manners of inheritance were found with regard
to the coloration of stigmas. as shown in Table 2.

e R F, sti a color £
Aplculus color e Fl; stigma . ffseéreggglon ratio

in apiculus . .
! colored plant

“+ e | ASE8, C-12

Cases i Note
Coe Female .| .. Male. - color. P A

= et + 1 : 0 | 7101, 7107
+ — L3 v 13(2)| 7111, 7287, C-1
— — 0 T 1 | He80"
9 : 55 | 7108

*.Comiplete: linkage of Ps with apiculus color: gene. -

In so far as the coloration of stigma‘i‘sihypostatic to ap‘iculu’s color, there
should "be a stigma coloration gene provisionally symboled Ps, which is hypes-
tatic to C, Sp, and A.. The gene Ps: ‘may: then be considered  to 'be a modifier
which ‘spreads the ‘anthocyanin pigment. into- the stigma. o

Then, for explammg “Case ;17 in the above Table, we must. assume that both
parents have the - same dominant Ps For “Case 2”, we should assume at. least
: two 1nh1b1tors, I?s, and I 1’32 .which act in a complementary manner thh each
: other to inhibit the expressmn of stlgma color because P~123 should have Ps
For case 3, it is ‘necessary to assume that one of the two 1nh1b1tors 1s lmked.
with Sp. In this case, the male parent H-59 has S,, . Tt is then poss1bl', to
assume that the effect of S,? is equal to Sp+-TI 1"2, though it should be conﬁrmed
by further tests.

The above considerations lead to the assumptmn of genotypes that the

s female parent P~123 have CZ7 sp z2 A Ps If’ ‘1, A—58 C 12, 7101 and 7107 have

‘ S,,“’ I“ A Ps I"’l, and 7126 has cSp Its, A Ps 1. However, further experl- ,
mments are necessary to test whether these assumptlons are right or not. .

In regard to “Case 4”, if we assume the genotype of 7108 to be C?t Sp Irs,
A Ps i, the behavior can be explained:though not conclusive.

3. Inheritance of the colorvations m leaf blade, leaf sheath stem node, cmd ,
internode. S :

The parental strams 7101 and A-58 show a purple coloratxon at the apex
and margin of leaves with fine purple stripes scattered on leaf blade. ‘The gene
for this phenotype is Pla according to Nagao (1951), which belongs to the Pl
series; ‘and is linked with C and with the glutinous gene gl. It is'a modifing
gene whi(‘:h"dis,ti'ibntes ‘pigment substance produced by C.and Szbm the leaf
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, bladesr The genotype ‘of A-58 was assumed by Nagao to be C? Sp Pla, 7107
might. probably. ‘have the same genotype regarding this character. When they
were crossed with P—-123 ‘which had C#* sp, the F, segregated into 3 colored and
g colorless among the plants with purple: apxculus, as given in Table 6. Then,
P—123 should have the recessive allelé, pla, in addition to cBr sp.

The coloration of leaf sheath is always correlated with that- of 1esf blade
;It seems that Pla distributes pigment into both the sheath and blade of k_leavesf
The coloration at stem nodes is also a character which behaves in correlation
with apiculus coloration. One of our parental strains A-58 showed a pdrple'
; coloration of nodes. In its cross with P-123, the F; had purple nodes, and the
Fy showed a segregation ratio which could be assumed to be 9:7. According
to Nagao (1951) and - Takahashi (1957), the coloration of the node is expressed
by Pz which is hypostattc to the C series. However if we take the segregatlon
ratio- obtained in the cross P‘~123XA~58 to be 9: 7, - there should be two genes
with the same effect as Pn by Nagao. e ,v
/ A-58 and 7101 have a coloration at" mbernodes According«to“Kadam and
Ramiah (1943), a gene designated as Nfp is responsible for the deveiﬁpm‘?

internode color However, according to Nagao (1951), the occurrence of

in the internode is invariably associated with the C® Sp type of aplculus“

coloration.
4. Coloration of outer and inner glumes or hulls.

According to Nagao and Takahashl (1948), the coloratxon of’ Iemma and
'palea is due to a dlstnbutmg gene Rg) Whlch spreads p1gment produced by C« =
and Sp over the surface of glumes The genotype of A-58 whlch had ;
coloration on the hull, Was ‘assumed to be C? Sp Rp by Nag“’ -
strain 7101 might have the same genotype as A~58 For the oloratmn of
glumes in this strain, the gene “HpP’ was “assumed by ‘Jodon (1948), which,
however seems - to correspond to C% Sp Rp. When these strains were crossed
‘with P—123 the F, showed a full coloration of the hull, and the F, segregated
into 27 purple and 37 green at the ‘time of heading, as shown in Table 3.
However durmg the maturation, the color tone changed according to genotypes,

Table 3. Segregauon ratio for lemma and - palea colorations at headmg' L
time in P123.(C27 sp rp)x 7101 (C® sp Rp).

. Apiculus, lemma and Apiculus, lemma and
Classes .~ palea purple . : palea colorless ! Total
CBSp'Rp | ~Other gene combinations e
Observed | 120 | 147 267
Expected ; 11264 ; ; 15436 267
(27 37) : . .

‘X#=0.831 S ' e 0.3>P>05




in P-123 (CB’ sp rp)xA——SS (CB Sp Rp)

123

&east'qﬁve classes were: dxs’cmqmshed ag: matunty The genotypes for the
lo yclasses Were assumed as shown in ,_k;ab \_55;[;;; .

Table 4.  Segregation ratio for lemma and palea coloration at maturity

Apxculus, 1emma
Apiculus, | Apiculus Apiculus Atgzgg;us aé’rd P:g:: ?féid
lemma and purple, lemma and lemma a{n d| hea d£ nE tlm 5 he.
Classes |palea purple| lemma and jpalea tawny palea came straw \s’rhlte Total
palea green white at maturation. |-
CB" sp Rp,CBsp Rp
C2 Sp Rp | CEpS vp | CEsp Rp | CB sprp ICBY sprp, CE sprhy
Observed | 200 | 69 70 19 80 | 4
18478 | 6159 61.59 20.54 109.5 438
TXE=11.241 0.02< P <0.05 .

Table 5. Segregzition ratio for lemma and palea coloration at maturity "
in P-123 (C?" sp rp)XA-13 (C? sp Rp). '

lemma and palea 1emma and palea
Classes ripening tawny rlpemng white: : Total
CB'sp Rp, CB” sp Rp CB sprp, CB* shrp. ,
Observed | 431 139 570
 Expected | 4275 1425 570
o beeter

Xt= 0115 L 07<PL0O8

A-13, shows a brownish coloration of glumes at maturity, though green at
the heading time. Its genotype is C® sp Rp accordmg to Nagao. When crossed
with P-123 which has C2" sp rp, a 3:1 ratio is seen regarding the brown color
of glumes at maturity. This can be explained in the same manner as for-the
apiculus color of P-123 which appears at maturity.

5. Inheritance of seed. coat color.

' According to Nagao and Takahashi (1951), the red coloration of seed coat
is due to the complementary effect of the genes Rec and Rd; but Rc alone gives
a light brown color. Strains 7156 and 7101 showed a light brown color of
pericarp. Then, their genotype may bé assumed to be Rcrd. In their crosses
w1th P-123 which is colorless, segregation of plants with brown and ‘white seeds' :
in a 3:1 ratio was found. The genotype of P-123 in regard to pericarp coloratmn
‘may then be assumed to be re. rd

6. Inheritance of other chameters

Brittle culm: ‘The stem, leaf, and other vegetative parts of strain 7156 are
easily broken by applying a small pressure. This brittleness is, accordmg to
Jodon (1933 1948), Morinaga and Fukushlma (1943), controlled by a reccesive

gene bc A 3:1 segregatxon was also fonnd by the writer in its cross w1th P—-123
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as shown in Table 6. Within the data of the pressent study, no linkage relation
with other genes was found for the gene be. e

P Tableﬁ Ségfegatidn ratios"fdr“gvdﬁOﬁs characters in Fy

SR TR SR - Observed number: ...l sy ot o
Characters | Crosses o - gjﬁrgﬁ?o Xe EL
: ‘ ’ Dominant| Recessive TQtal £oe o DG B pa
Brown P123x C-1| 180 63 243 3:1 0111 | 07-0.8
pericarp P123x 7101 395 147 542 3:1 1.301 0.2-0.3
(Re) P123x7156 | 171 68 239 3:1 1518 | 02-0.3
Purple leaf ' |P123x A-58 276 209 485 9:7 0147 | 07-08
blade (Pla) |P123x7101 | 293 252 545 9:7 1371 | 02-03
tarple node  piogx A58 517 | 415 932 9:7 0220 | 05-07
Purple inter- |P123x7101 | 402 147 549 3:1 0932 | 03-05
node (N#p)  |P123x71il| 371 145 | 516 | 31 .| 2646 | 01-02
purPlePUVINUS progx A58l 268 | 170 | 438 | 97 | 4336 | 002-005
f}.}g’}e ligule |pioa A58 279 203 482 9:7 0524 | 03-05
fg;g‘f auricle \pyo3. A58 280 99 379 3:1 0254 | 0507
Glutinous *~ |P123x A-58 725 207 932 3:1 | - 3869 | 0.05-0.10
endosperm (g1) P123 x H-59 173 41 214 3:1 3.894 | 0.05-0.10
?brgﬂe culm \piosy7ise | 192 a7 | 239 3:1 3628 | 0.05-0.10
: P123x7126 |- = 241 80 | o821 3:1 | 0001 | 0.90-0.95 -
(G},f)bmus hull 1pi2as7is6 | 181 | 62 | 243 . 3:1 | 0034 | 0.80-09
: PI23x7237 | 228 | 71 | ©209 | 31 | 0251 | 0507
Liguleless- . .
s P123xH-59| 178 36 214 3:1 7632 | 001
Sﬁprt ligule _ . . ' g
e e P123x A-5 | 351 257 608 9:7 0541 | 03-05
CSptering - |p1a3x7237 | 228 90 318 3:1 1849 .| 01-02
Long twisted ronemoar | o k anc . s
gra (g |P128x7237 | 235 . 84 | 319 3:1 0302 | 05-07
‘ P123x A-5 | 338 271 609 9:7 0139 | 07-08
Awn (An) 1oz A13 416 151 567, 311 0.805 | 03-05
Long empty T I T . .
ghime (ng) |P12xH-25 €25 196 821 3:1 0558 | 03-05
Lazy (la)  |P123xH-25 627 | 104 | s | 31 | o975 | 0305
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Glabrous hull: The hulls of 7126 are lacking hairs. A recessive gene [k
was assigned for this character by Jodon (1948). The crosses of P-123 with 7126
and 7156, showed a 3:1 ratio regarding this character.

Ligulelessness: According to Chao (1928) and Jodon (1948), this character
is also cotrolled by a recessive gene [g. The ligule is deficient in the strain
H-59. The F, ratio found between P-123 and H-59 was assumed to be 3:1,
though the chi-square value from the expected numbers was large enough to be
significant. The reason for the number of /g plants being smaller than expected
is left for further study.

Both the strains P-123 and A-5 have short ligules (about 1cm). The F,
between them, however, had long ligules (about 2cm). In the F,, plants with
long and short ligules were found in a 9:7 ratio (Table 9). This indicates that
there is a set of two complementary genes. Two genes lg, and lg, were
designated by the writer. The genotype of P-123 and A-5 may then be assumed
to be Lg, lg, and /g, Lg,, respectively. No linkage relation was found between
these and other genes.

Twisted grains: 'The grains of 7237 are slightly twisted. A recessive gene
lgt was assigned for this character by Jodon. ‘The writer’s experiment also
showed that it was a monogenic recessive character.

Glutinous endosperm: It was confirmed that all the progeny of glutinous
X glutinous was glutinous, and that of non-glutinousXnon-glutinous was non-
glutinous. The gene symbol g/ was used by Nagao (1951), though it is wx by
Jodon (1948). The expected 3:1 ratio was found in both P-123x A-58 and P-123
x H-59.

Dwarfness: The plant heights of 7237 and 7245 were about 75cm and
30 cm, respectively. Both of them were found to be a single recessive character
and the F, ratios fitted to a 3:1 ratio. This character appeared to be linked
with Sp as shown in Table 8.

Long empty glumes: 'The empty glumes of H-25 are as long as its lemma
and palea. This character was found to be simple recessive to the common
short empty glume, as reported by Jones (1933), Morinaga and Fukushima (1943).
The gene Ing was used by Nagao (1951) for this character.

Lazy: 'The stem of H-25 grows obliquently. The gene symbol la, which
might be corresponded with Nagao’s sg, was assumed by Jodon (1948). No
linkage relation was found between this and other characters.

Twisted stem: The stem of 7237 is somewhat twisted. ‘This character
seemed to be controlled by two complementary genes designated as #s; and #s,
by the writer.

However, the twisted growing habit of stems, always brings about spreading
of tillers and may be easily affected by enviromental conditions.
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Fig 1. Long twisted (A) and normal (C) grairs,

Normal Dwarf Twisted Normal

Fig 2. Dwarf plant (7237) compared Fig 3. Twisted stems compared with
with normal. normal.




age. between color genes. and -other characters:
Tl e characters dealt with in this study were mostly independent of coloration:
gene as shown in Table 7. However, the color gene Sp was found to be linked

(a) When two gene loci are concerned'.k

“Table 7. "Tests of independence between color genes and other characters.

G?R‘ZS conceggl)e a Crosses Combined charactely‘s Total gSZ%I;n - v
AB‘ Ab ‘ aB ‘ ab “‘ratio ; :
Sp/sp —+/ih  |P123x7237 | 169| 66| 59| 25| 319 |9:3:3:1 2351 |05-07
Sp/sp —-+/lgt |P123x7237 | 166 | 66| 73| 18| 323 |9:3:3:1 4635 | 0.1-02
Sp/sp —Sh/+ |P123x7237 | 168| 60| 60| 30| 318 |9:3:3:1 5.824 |01-0.2
Sp/sp —+/gl  |P123xH-50| 129| 35| 44| 6| 214 |9:3:3:1) 5815 | 0.1-02
+/lg |P123xH-50 133 | 20| 45| 7| 214 |9:3:3:1 7.896 0.02-0.05
—+/tn |P123x7156 | 124| 56| 47| 13| .240 | 9:3:3:1 3851 | 0.2-03
Refrc —-+]bc |P123x7156 | 143| ‘27| 52| 18| 240 |9:3:3:1 9362 (0.02-005
" Refre —Nip/ntp|P123%7101 | 293 | 102 | 105 | 43| 543 | 9:3:3:1 3937 | 0.2-0.3
 Refre —Splsp |P123xC-1| 10| 42| 49| 12| 243 |9:3:3:1 1.053 | 07-08
Refre —Sp/sp |P123x7100 | 207 | 110 | 98| 43| 548 |[19:3:3:1 3377 | 0.2-03"
Rp/rp —Anjan |P123xA-13 322| 94| 109 45| 570 |9:3:3:1 4075 | 0.2-0.3
+/Ih. —+/lgt {P123%7237 | .175 | 63| 58| 22| 318 | 9:3:3:1] 0.637 |.0.8-09"
+/Ih  —+)d - |P123x7237 | 183| 52| 67| 17| 319 | 9:3:3:1 2386 | 0.3-05
+/Th  —Sh/sh |P123x7237| 165| 70| 63| 20| 318 | 9:3:3:1) 3.073 | 0.3-05
Lan/lgn—Sh/sh |P123x7237 | 174 | 70| 54| 20| 318 | 9:3:3:1] 2469 | 0.3-05
+/d . —Sh/sh |P123x7237 | 186| 63| 44| 25, 318 |9:3:3:1] 6.058 | 0.1-02
+/lng —+/la |P123xH-25 475| 150 | 152 | 44| 821 |9:3:3:1 2451 | 0.3-05
(b} When three gene loci are concerned.
Combined
-~ Genes_concerned ¢ Los.characters ) Segr-
S iR 1. Crosses i AbC|Abc | Total | egation | X2 P
(Ag o Bb o Ce). o0 |ABCABcaBClaBe| ratio ‘
. S e e abCl abe
C/e, Sp/sp — +/Ih"|P123x7126 | 135/ 39 | 96 41 | 311 | 27:9:21:7 2325 0.5-0.7°
C/e, Sp/sp — +[bc |P123x7156 | 106 20 | 89 28 | 243 |27:9:21:7) 7.0560.02-0.05
C/e, Sp/sp — Re/re |P123x7156 | 9547 | 79 23| 244 |27:9:21:7 6.3000.10-0.20
Nitpy/ntps; Ntps/ntpy—+/"h |P123%7126 | 121/ 48 | 108 32 | 309 | 27:9:21:7| 1673 05-0.7 -
- Pla,/p'ay, Plag/plag—Rec/re’|P123x7101 | 210 76 | 185 72 | 543 | 27:9:21:7| 4529 0.2-0.3 -
Play/play, Play/plag—+/gl |P123x A-58| 220| 56 | 167 42 | 485 | 27:9:21:7| 6.029) 0.1-0.2
Pny/pmy,  Pra/png —+/gl |P123x A-58) 207 59 | 178) 40 | 484 | 27:9:21:7| 6.7250.05-0.10
+Ih — Tsy/ts, Tsy/tsy|P123x7237 | 134) 45 | 101] 39 |. 319 | 27:9:21:7, 0.506| 0.3-0.5
Shish — Tsi/ts, Tssfts;|P123x7237 | 132 46 | 97) 43 | 318 | 27:9:21:7| 2.528| 0.3-05

with dwarf gene d and twisted stem gene #s, (£s,) in the cross with 7237. Further,
the twisted grain gene Itg was found to be linked with d gene ‘and is; (or £s;),

as shown:in Table 8.
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Table 8. Chl-square values showmg linkages found from the test
: s of mdependence in P123><7%7

L Combined character :

- Genes concerned | Total - X2
Sp—a | owm | s | s | u | ame | m

 Sptsi(ts) |15 113 64 | 2 319 | 1
Ltg—=tsi(tsg) 147 88 32 52 - 819

Ll —tsi(2sy) 155 95 24 .45 319 | 16
Cltg—d 218 17 32 52 319 103.430*

* Significant from the expected number.

As shown in Table 9, Sp and ‘d is linked with each other with a 37.35%
recombination value. Smce the d gene (possessed by 7237) has not been described
in the Sp linkage group by Nagao, nor by Jodon in his group II, this may be
a_ new locus to be added to th1s group Th aplcu'ns or gene Sp was also
found to be Imked Wlth the thsted stem ygene,“ TOVi ,onaIIy symbled #s; (or #s5)
f.w1th a 22 92/; recombmatmn value. The #s,. (or th) was furthe n
the tw1sted grain gene Jtg with a 29.67% recombination value, and w1th d
227 7.2/ ‘recombination. Based on these findings, we may assume the orde
genes in the Sp group as shown below.

29.7
Igt d sy ) Sf
| | "
T 164 . 27.7 229
374
Discussion -

It has been shown by Nagao and Takahashl (1956 1958) that the anthocyanic
plgmentatlon of apiculus in rice is due to three complementary genes, C, Sp
and A. -Though the crosses observed in this study did not include one segrega-
ting for A: @, all the data obtained for apiculus coloration could be explained

'by the gemc system established by Nagao and Takahashi. The genotype of
Talchung No. 65, a représentative Japonica varlety in Taiwan, was found to be :
C2r sp A for apiculus coloration,

“In contrast, the genic system for stigma coloration appeared to be a miore -
comphcated one. As.worked out by former workers (Ramiah, 1953; Takahashl,
1958), stigma coloratmn was_hypostatic to apiculus coloration in the crosses
observed, and a dominant gene which spreads into stigmas the pigment produced

by the genes-for apiculus coloration was assumed. In some crosses between
strains with colored and colorless stigmas, hoWever, the F, was colorless; and

E
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in F,, colorless plants were more than colored ones Thus for fully explaining -

‘the data, at least two 1nh1b1tors for the dommant stlgma coloratmn gene, which

are’ complementar*y w1:bh each other to suppress stlgma color: on should be

rosses, the general rule that stlgma coloratmn 1s hypost
aprculus ‘coloration does not hold good, and plants with colorless aplcul
colored stlgma ‘occur (Jones, 1929, Oka unpubl.).
‘ It seems that colorations in other parts such as leaf and stem are due to
similar genic systems as for stigma coloration, and the whole system for
coloration  comprises a number of genes which interact with one another in
complicated manners. This study is a preliminary survey and does not furnish
enough data to look into the whole genic system for coloration. It may,
however, be pointed out that investigation of the mhentance of coloratlon may
form an 1mportant part in gemc analysis of rice.: ¢
Recently, Nagao and Takahashi (1959) have found out ten 11nkage groups:
However, only three " gemnes; Sp, Rd (red perlcarp) and Pn (purple node), have
been: known to belong to. the Sp group. The present study added three ne
genes;. £5; (tw1sted ‘stem), d (dwarf) and /gt (long twisted grain), to the gr '
Using these genes, whether the Sp locus is involved or not in-a gwen‘segregatmn‘

pattern for coloration may easily be detected.

Another thing to be discussed is that in some crosses,
showed significantly large deviations from expectations, though m other respects
the assumptlon of genes seemed to be correct. This might be due ‘to certation

St gre atlon rat1os

“or gametxc selection wh1ch occurs as results of hybrid sterility. It should be

noticed that when dlstantly related strains are crossed, fertrhty variation should
be. mvestrgated together w1th the segregatmn of characters for which the inves-
tigation is ‘made.

Summary

In order to 1nvest1gate the systems of genes for colorations at various parts
and other characters of the rice plant; estabhshed by Nagao and Takahashi
(1951—1959) and by Jodon (1948-1955), strains designated as gene markers by
these authors were crossed with a strain of Taichung No. 65, a representative .
Japomca variety. of Taiwan. The anthocyanic coloration of apiculus is controlled ‘
by three complementary genes symboled by Nagao (1951) C, ‘Sp,  and - A.
Their combmatrons in the used “strains were determined first based on 'F;
segregatlon ratios. Next, the coloration of strgmas is usually hypostatlc to that
of aplculus A gene Ps, which spreads. the pigment produced by C, Sp, and A
into stlgmas, was assumed for this character. It should be assumed further,
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however, that there are two complemem;aryé' inl?ubttors wlnch suppress “the action

o nes for coloratxons in other parts of the plant w8 »glumes, leaf sheath node,

o and mternode, which were generally hypostatlc to aplculus coloratlon were

‘ surveyed v

* Genes for various morphological traits were also 1nvest1gated in addmon
The twistedness of stems was found to be controlled by duphcated reCessxve
genes fs; and fs;. One of them was linked with Sp. ‘AfOiuqufhe Sp locus,
further, linkage relations were found between #s; (or £5;) and lig (long twisted
grain), ts1 (or £s,) and d (dwarfness in Strain 7237), and between Szﬁ and d’ and
recombmatlon fractions were estimated for each. Brittleness of culms, glabrous
ness: of hulls, ligulessness, long empty- qumes, and lazyness were each found
e Vontrolled by a recessive gene: No Imkage relatmn could be detected for

iaff: 4%—@%/\##
% —4# *ﬁ@@ﬁ@m%ﬁiee%zﬁﬁ

it g %

RS F AR MEIR B ER TR 8%08 Jodon » BRREBAKE
ZEMERTIEER (gene markers) MBI EOOMANER » WHEHEARAIRS
SYEEET o BERE R (1951) » R EFEREEZRTE C, Sp & A =% o SRR

BHERTREHUREIEILAT L ERRRHRER T
MR e RERASEf Y T (Hypostatic) itk C, Sp & A SRFTHE e
BRELE T EENEHE, Ps BFLE o Bk SRS AR (Compleme-
ntary) Btk I?° R I?°, ZWREHIEIET (Inhibitors) FrBER » sebz 125 8 Sp &
SR BRIR o BRRRDUN 2 o BIEE » 5T » BETR OIS A AR R
BREBRERZ T

WA TR AT G IEBRE o IR fs, B 15, Zﬁ?%fi%‘[&“@%‘ﬁim m;%

iz —B Sp BEHBIR o 78 Sp WTEEZHHE » BBH L5, (R £s)) & g (Blkn)»
Ctsy (3R £s)) B d (T23T2%M%) » Sp B d ZHIEEBAL » ET-2 M8 (Recombina-
tion Value) #5514 o iEYEBIEE M (Brittle culm) @ﬁﬂ% (glabrous hull) » 4535
(Ligulelessness) s gk (Long empty glumes) FEEEY (Lazy) SESEEmR TR
Bl AR EAISE 2 4 PO RE R B SEEBIR o (3D)
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