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ABSTRACT

Inheritance of four spikelet characters, viz., anthocyanin pigmentation in lemma/palea, red
awn, black hull and awning (awn formation) was studied in a cross between two upland
rice cultivars, namely, D 6-2-2 (green variety) and HY-256 Purple (purple variety). Purplish
black zones in lemma/palea, red awn and black hull characters behaved as recessive and
each segregated into a hexagenic ratio of 3 : 4093 for their presence vs. absence with the
involvement of one basic gene for the character expression and five inhibitory duplicate
genes, while awning which also behaved as a recessive trait was under the control of five
genes, of which one was basic and the other four were inhibitory duplicate genes to give a
genetic ratio of 3 : 1021 for presence vs. absence of awns. Each of these characters was
monogenic dominant in the absence of the inhibitory genes.
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Various genetic studies in rice conducted earlier revealed the existence of inhibitory
genes for the expression of the characters associated particularly with wild and weedy
species of Oryza like pigmentation, black hull, red awn, awning etc. [1-5]. These inhibitory
genes perhaps ensure the wild type characters to be unexposed in the cultivated rice
populations. Therefore, the present study has been undertaken to understand the
inheritance of four spikelet characters, viz. purplish black zones in lemma/ palea, black hull,
red awn and awning as these were not expressed in either of the parents and F1 of a cross.

MATERIALS AND METHODS

Inheritance of four spikelet characters, viz. purplish black zones in lemma/palea,
showing uneven distribution of broad black zones in purple background of lemma/palea,
which are quite different from either purple spreading, purple piebald or purple mottling
expressions, black hull, red awn and awning, was studied in a cross between two upland
cultivars, namely, D 6-2-2 (green variety, devoid of pigmentation on any of its plant parts)
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and HY-256 Purple (purple variety, pigmented in most of its parts with full purple leaf
blade) at the Agricultural Research Station, Mugad, Dharwad, Karnataka, during 1987-1989.
A total of 50 plants in each parent, 30 plants of F1, 2458 plants of F2 generation, and 114 F3
families (each having 74-100 plants) were used to record observations on the presence or
absence of these characters The goodness of assumed genetic ratios in F2 and F3 breeding
behaviour was tested by 72 tests. The gene symbols recommended by the International Rice
Commission (6] were used.

RESULTS AND DISCUSSION
Table 1 presents the phenotypes of parents, F1 and F2 as well as segregation in F2 for
four spikelet characters, viz., purplish black zones in lemma/ palea, black hull, red awn, and
awning. These characters appeared in low frequency in the F2 generation and could be

suspected to be either segregates or mutants. The number of F2 plants with the lemma/ palea

Table 1. Inheritance of four spikelet characters in the cross D 6-2-2 X HY-256 Purple of rice

Character Parent phenotype R Expected O/E F2 frequency x2 P
D6-2-2 HY-256 ratio + -
Purple
Lemma /palea
pigmentation — — — o] 20 2456

3:4093 E 1.8 2456 0022  0.90-0.80
Red awn — — — O 1.0 2457

3:4093 E 1.8 2456 0.356 0.70-0.50
Black hull — —_ — (0] 1.0 2457

3:4093 E 18 2456 0.356 0.70-0.50
Awning — — — . O 11.0 2447

3:1021 E 7.2 2451 2.011 0.20-0.10

+/-indicate presence/absence of pigmentation in lemma / palea and presence/absence of red awn, black hull and
awning.

having purplish black zones, black hul}{ red awn and awning were 2, 1, 1 and 11,
respectively. The F2 frequency was 8 X 107 * for pigmentation in lemma /palea, 4 x 10™ 4 for
black hull and red awn, and 4 x 10”2 for awning. In the 114 F3 families comprising 10386
plants, 11 F3 plants with purplish black zones in their lemma/palea gave a frequency of
about 10™2, three plants w1th black hull was the frequency of about 3 x 10™ 4 and 26 plants
with full awns was 2.5 x 10™ regardless of the families. Red awned plants were, however,
not observed in F3 generation. Almost similar frequencies of these four spikelet characters
in both F2 and F3 generations compel us to treat them as segregates, whose low frequency
agrees with the hypotheses based on the assumption of 4-5 pairs of inhibitors with the basic
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gene responsible for the expressions of each of these characters since inhibitors are not
uncommon in rice [1-5]. These new phenotypes with such low frequencies could possibly
be detected in both F2 and F3 generations because of their large population size. However,
in the absence of information on mutation rates for each of these characters, it is difficult to
explain the appearance of these rare characters on the basis of segregation alone.

Rare occurrence of these characters in F2 prompted us to treat the plants having these
characters as critical plants. They were harvested panicle-wise separately and the seeds of
five random panicles were sown separately to test their breeding behaviour (Table 2). It was
interesting that all these characters were monogenic dominant.

Table2. Breeding behaviour of F; plants with respect to new characters in Fs generation based on

monogenic inheritance

Panicle Rare character combinations observed in F,
progeny lemma/palea . red awn black hull awning

coloured (3:4093) (3:4093) (3:4093) (3:1012)

+ - $? + - x? + - x2 + - x?
Panicle 1 38 13 0.006 30 11 0.073 44 16  0.089 46 15  0.005
Panicle2 - 42 18  0.800 41 14  0.006 36 16 0923 37 12 0,007
Panicle 3 46 17 0132 38 10 0444 40 13 0.006 40 12 0103
Panicle 4 46 19  0.621 35 13 0111 31 11 0.032 44 20 1333
Panicle 5 48 14 0.194 40 12 0.103 42 16  0.207 4 14 0023
Total 220 81 0.586 184 60 0022 193 72 0665 211 73 0075

¥ df. P ¥ df P ¥ df P ¥ df. P
Deviation 058 1 050-030 0.022 1 090-080 0665 1 050-030 0.075 1 0.80-0.70

3Heterogeneity 1167 4 090-080 0715 4 095-090 0592 4 098095 139 4 0.90-0.80
Total 1753 5 090-080 0737 5 099-098 1257 5 095-090 1471 5 0.95-0.90

The characters purplish black zones in lemma/palea, red awn and black hull segregated
into 3 : 4093 for presence and absence of the respective traits, which can be explained by
assuming one basic gene for the expression of the character and five inhibitory duplicate
genes. Awning was under the control of five genes, of which one was basic and four
inhibitory duplicate, as shown by the pentagenic ratio of 3 : 1021 for presence vs. absence
of awning,.
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Based on the established genetic hypotheses, the genotypic constitution of the parents
for the various characters can be derived as follows:

Character D 6-2-2 HY-256 Purple
Purplish black zones prpr i-Pr1i-Pr1 PrPrI-Pr11-Pr1
in lemma/palea i-Pr2i-Pr2 i-Pr3i-Pr3 I-Pr2I-Pr2 1-Pr31-Pr3

i-Pr4 i-Prg i-Prs i-Prs I-Prg I-Prg I-Prs I- Prs

Red awn ran ran i-Ran; i-Rani Ran Ran I-Ranj I-Ram
i-Ranz i-Ran2 i-Ran3 i-Ran3 I-Ran2 I-Ran2 I-Ran3 I-Ran3
i-Rany i-Rany i-Rans i-Rans I-Rang4 I-Ran4 1-Rans I-Rans

Black hull bh bh i-Bhj i-Bhi Bh Bh I-Bhi I-Bhy
i-Bh2 i-Bh2 i-Bh3 i-Bh3 I-Bhz I-Bhz I-Bh3 I-Bh3
i-Bh4 i-Bh4 i-Bhs i- Bhs I-Bh4 I-Bhy I-Bhs I- Bhs

Awning an an i-An1 i-Am An An I[-An; I-Anm;

i-Any i-An2 i-An3i-An3
i-Ang i-Ang

I-Anz I-An2 I-An3 I-Ans
I-Ang I-Ang

Monogenic inheritance of lemma/palea colour has been reported by many workets
[7-9]. Inhibitory genes for lemma/palea pigmentation were also detected in the past [10-13].
Black hull coloration was reported to be controlled by one dominant gene [11, 15]. However,
inhibitors for this character were not reported earlier. For awn colour, monogenic
inheritance (dominant) was observed [16-19] but inhibitory genes for awn colour were not
reported. Monogenic dominant nature of awning was observed by many workers [20-24],
while others reported existence of inhibitory genes for this character [25-28].

Thus, one basic gene for each of the spikelet characters was conclusively proved by th
breeding behaviour of the panicle progenies of the F2 plants showing these characters. This
led to the conclusion that the two parents differed not only for the basic gene but also for
4-5 additional inhibitors loci capable of inhibiting the development of these characters
independently.

ACKNOWLEDGEMENT

The first author is grateful to the ASPEE Agricultural Research and Development
Foundation, Bombay, for a fellowship.



November, 1995} Inheritance of Spikelet Characters in Rice 355

10.

11.

12,

13.

14.

REFERENCES
B. S. Kadam. 1936. An anthocyanin inhibitor in rice. J. Hered., 27: 405-408.

S. Nagao and M. E. Takahashi. 1951. Studies on rice hybridisation. XIII. Further
studies on gene controlling anthocyanin coloration of the leaf. Jap. J. Breed., 1:
129-136.

R. L. M. Ghose, W. T. Butany and R. Seetharaman. 1963. Inheritance of anthocyanin
pigmentation in leaf blade of rice (Oryza sativa L.). J. Genet., 58: 413-428.

C. V. Dhulappanawar. 1973. Linkage studies in rice (Oryza sativa L.). Euphytica, 22:
555-561.

C. V. Dhulappanawar. 1981. Linkage studies in rice (Oryza sativa L.): flowering,
awning and awn colour, panicle density and exsertion, liguleless, bent node and
pigmentation. Euphytica, 30: 771-790.

Anonymous. 1959. Genetic symbols for rice recommended by the International Rice
Commission. Int. Rice Comm. Newsl,, 8: 1-7.

F. R. Parnell, G. N. R. Ayyengar and K. Ramiah. 1917. Inheritance of characters in
rice. I. Mem. Dep. Agric. India, Bot. Ser., 9: 75-105.

K. Ramiah. 1935. Rice genetics. Proc. Assoc. Econ. Biologists. Coimbatore, 3: 50-51.

R. D’'Cruz and C. V. Dhulappanawar. 1963. Inheritance of pigmentation in rice.
Indian J. Genet., 23: 3-6.

K. Pavithran. 1977. Inheritance and linkage relationship of notched kernel in rice
(Oryza sativa L.). Can. J. Genet. Cytol., 19: 483-486.

C. V. Dhulappanawar. 1979. Linkage studies in rice (Oryza sativa L.). flowering,
growth habit and pigmentation. Euphytica, 28: 435-443.

B. N. Hadagal, A. Manjunath and J. V. Goud. 1984. Inheritance of anthocyanin
pigmentation in a few parts of rice (Oryza sativa L.). Indian J. Genet., 44: 319-324.

R.S. Tripathi and M. J. B. Rao. 1985. Inheritance studies of characters associated with
flooding habit and their linkage relationship in rice. Euphytica, 34: 875-881.

H. H. Kuang, D. S. Tu and Y. H. Chang. 1946. Linkage studies of awn in cultivated
rice (Oryza sativa L.). ]. Genet., 47: 249-259.



356 S. K. Nadaf et al. [Vol. 55, No. 4

15. N.F. Jodon. 1964. Genetic segregation and linkage, importa~ ¢ phases of rice research.
Proc. Symp. Rice Genet. Cytogenet. Elsevier, Amsterdam: 193-204.

16. G. P. Hector. 1916. Observations on the inheritance of anthocyanin plgments in
paddy varieties. Mem. Dep. Agric. India, Bot. Ser., 8: 89-101.

17. 1. Nagai. 1921. A genetic-physiological study on the formation of anthocyanin and
brown pigments in plants. Jap. ]. Bot., 1: Abstr. 64.

18. J. W. Jones. 1930. Inheritance of anthocyanin pigments in rice. J. Agric. Res., 40:
1105-1128.

19. R.L.Sethi, B. L. Sethiand T.R. Mehta. Awnedness and its inheritance. Indian J. agric.
Sci., 7: 589-600.

20. J. E. Van Dersstock. - 1908. On the inheritance of grain colour in rice.
Teysamannia, 65: 5.

21. H. H. Kuang. 1951. Studies on rice cytology and genetics as well as breeding work
in China. Agron. J., 43: 387-397.

22. R.Seetharaman. 1965. Inheritance of certain characters in rice. Curr. Sci., 34: 187-190.

23. N.E. Jodon. 1965. Four morphological characters in rice. Inheritance and relation to
yield and height of awned, glabrous, liguleless and long glumed. J. Hered., 56:
119-125.

24. U. Prasada Rao and B. Misro. 1968. Linkage studies in rice (Oryza sativa L.). IX.
Inheritance and interrelationship of genes governing panicle type, grain
arrangement and other characters. Indian J. agric. Sci., 38: 690-695.

25. D. A. Housaye and L. A. De. 1942. Independent assortment, interaction of factors
and linkage studied in the F2 of a rice cross. Proc. Ia Acad. Sci., 6: 52-59.

26. B. Misro and S. S. Misro. 1954. Dominant inhibitory factor for awning in rice (Oryza
sativa L.). Curr. Sci., 23: 161-162.

27. B. S. Kadam and N. M. Pant. 1969. A linkage between an inhibitor of awns and a
gene for clustering of spikelets in rice. Sci. Cult., 35: 406-407.

28. Thimmappaiah. 1975. Inheritance and Interrelationship of Genes Governing Few
Characters in Rice (Oryza sativa L.). M. Sc. Thesis. University of Agricultural
Sciences, Bangalore.



