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ABSTRACT

Inheritance pattern of anthocyanin pigmentation in leaf blade, sheath pulvinus, glume
(empty) and nodal septum and a nonanthocyanin pigmentation character, namely,
blackening of lemma/palea, was studied in a cross between the upland rice cultivars D 6-2-2
and HY-256 Purple. Three to five pairs of interacting genes have been found to govern
pigmentation in these plant parts. An anti-inhibitory gene for pigment synthesis in leaf
blade is pleiotropic by producing pigment in glume (empty) and nodal septum aiso.
Linkage has been established between the basic genes for pigmentation in leaf blade, nodal
septum and sheath pulvinus and the inhibitory genes for pigmentation in glume (empty)
and blackening of lemma/palea. This linkage group (P1-Pm, ~Pu-I-H-I1-Pg) probably forms
a part of the II (Ig) linkage group of Misro et al. In that case, the four genes Pm,, Pu, I-H
and I-Pg are new additions to this linkage group.
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Genetics of anthocyanin pigmentation in rice is complicated as many genes interact to
develop colour in various plant parts such as coleoptile, leaf sheath, leaf blade, ligule, auricle,
junctura, internode, glume, apiculus, lemma, nodal ring, nodal septum etc. Earlier studies
have reported basic genes for anthocyanin and nonanthocyanin pigmentation in different
plant part and other modifier complexes [1, 2]. Interaction of genes has been worked out in
many cases. Pleiotropic genes play an important role in determining pigmentation in
different plant parts [3-7]. In the present paper, inheritance and relationship of
pigmentation in five plant parts of the rice plant are reported and genes responsible for
pigmentation in these plant parts are assigned to different linkage groups.
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MATERIALS AND METHODS

A cross between two upland rice cultivars, namely, D 6-2-2 (green variety without
pigmentation in any of its plant parts) and HY-256 Purple (a variety with purple
pigmentation in most of its parts), was made in 1987 and F1, F2 and F3 generations studied
in subsequent seasons. The F2 population consisted of 2458 plants, and 114 randomly
selected plants were carried forward for F3 studies. In each F3 family, 74-100 plants were
available for observation. Presence or absence of anthocyanin pigmentation in the leaf blade,
sheath pulvinus, glume (empty) and nodal septum, and blackening of lemma/palea during
flowering were recorded visually by using 10X hand lens. Joint segregations were worked
out taking two characters at a time. The X2 test was applied to detect pleiotropy and linkage.
Joint segregation ratios were modified on the basis of common pleiotropic genes for any
two particular characters, and recombination/ crossover values were estimated by applying
the product ratio method developed of Fisher and Balmakund [8] in those cases where
linkage was detected. The gene symbols recommended by the International Rice
Commission [9] have been used.

RESULTS
INDIVIDUAL CHARACTERS

The phenotypes of parents, F1 and F2 segregations are presented in Table 1.
Pigmentation was dominant in leaf blade and nodal septum but recessive in sheath
pulvinus, glume (empty), and blackening of lemma/palea. In the F2 generation,
pigmentation of leaf blade segregated into the ratio of 39 purple : 25 green, indicating the
involvement of one basic gene, one inhibitory, and one anti-inhibitory genes. Pigmentation
in nodal septum segregated into 81 purple : 175 green, which would be expected if four

Table 1. Phenotype of parents, F; and F segregation for pigmentation in four plant parts in the cross
D 6-2-2 x HY-256 Purple of rice

Organ D 6-2-2 HY-256 Fi F, segregation 2
Purple observed expected ratio

purple  green purple green

Leaf blade Green Purple Purple 1503 955 39 : 25 0.046
Sheath pulvinus Green Green Green . 52 2406 21 : 1003 0.051
Glume (empty) Green Purple Green 604 1854 255 . 769 0.143
Nodal system Green Green Purple 779 1679 81 : 175 0.003
Blackening of Absent Absent Absent 262 2196 27 . 229 0.333

lemma /palea (black) (white) (black) (white)
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complementary genes are involved. The pentagenicratios of 21:1003 and 255 : 769 for purple
vs. green were obtained for pigmentation in sheath pulvinus and glume (empty),
respectively. The segregation pattern of sheath pulvinus pigmentation indicated the role of
one basic gene for pigment synthesis with two independent inhibitory duplicate genes and
two inhibitory complementary genes. Pigmentation in glume (empty), however, was found
to be under the control of four duplicate genes pigment synthesis and one inhibitory gene.
The nonanthocyanin blackening of lemma/palea at flowering showed segregation in the
ratio of 27 : 229 for presence vs. absence, suggesting four interacting genes, three of which
are complementary and one inhibitory. The breeding behaviour of pigmentation for these
five characters in 114 F3 families each of 74-100 plants confirmed the F2 segregation.

LINKAGE

The combined segregation for the characters under investigation (Table 2) indicated the
existence of a pleiotropic anti-inhibitory gene, Ai-Pl, primarily responsible for leaf blade
pigmentation, which was involved in the anthocyanin pigmentation of glume (empty) as
duplicate gene and of nodal septum as complementary gene. On the basis of pleiotropic
common gene, the combined ratios were modified. The observed frequencies in all the cases
showed significant deviations from the expected ones on the basis of the modified joint
ratios as revealed by the high %2 values, thus indicating the probability of linkage between
the basic genes for pigment synthesis in leaf blade, nodal septum and sheath
pulvinus, and inhibitory genes for glume (empty) pigmentation and blackening of lemma/
palea. The crossover values, when applied to all these cases, reduced the X° values to a
considerable extent and a satisfactory fit was obtained in all the cases. The gene sequence,
as indicated by the crossover values (Fig. 1) was: Pl~Pma-Pu-I-H-I-Pg. The Kosambi [10]
formula was applied to correct the map distances and the modified values are given in
parentheses.

. 18.91 . 683 . 700 . 624
Pl Pma Pu I-H  IPg
38.98 (38.96)

Scale: 1 cm = 3 map units

Fig.1.  Linkage map showing the relative positions of five genes. Crossover values are given in percentage.
The modified crossover values as per {10} are given in parentheses.
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Table 2. (contd.)
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were: trigenic (39 : 25) for leaf blade, tetragenic (81 : 175 and 27 : 229) for nodal septum and
blackening of lemma/palea, and pentagenic (21 : 1003 and 255 : 769) for sheath pulvinus
and glume (empty). While the segregation patterns observed for pigmentation in leaf blade,
sheath pulvinus, glume (empty) and nodal septum provide additional support to the
previous reports, the 27 : 229 ratio for black lemma/palea is reported for the first time.

LINKAGE

The analysis of joint segregation for pigmentation in these five plant parts led to the
detection of a pleiotropic anti-inhibitory gene, Ai-Pl, which is primarily responsible for
pigmentation in the leaf blade. This gene has differential action in the pigmentation of glume
(empty) and nodal septum. it acts as a duplicate gene for glume pigmentation and as a
complementary gene for pigmentation of nodal septum. Based on the proposed hypothesis
of genetic control of pigmentation in these parts and operation of a pleiotropic gene, the
genetic constitution is of the two parents has been derived (Table 3).

Table 3. Phenotype and genotype for pigmentation characters of the parents D 6-2-2 and HY Purple of rice

Organ D6-2-2 HY-256 Purple
phenotype genotype phenotype genotype
Leaf blade Green PIPI1-P1I-P1 Purple P1P1i-Pli-Pl
ai-Plaij-P} Ai-P1 Ai-P]
Sheath pulvinus Green pu pu i-Pug i-Pur Green Pu Pu I-Put I-Pug
i-Puz i-Puz I-Pu2 I-Puz
i-Pusa i-Pusa I-Pu3a I-Pusa
i-Pugb i-Pusp I-Pusp I-Pusb
Glume (empty) Green Pg1 pPg1 P82 pg2 Purple Pg; Pg1 Pg2 Pg2
P83 pg3 Pg3 Pg3 Ai-P]
ai-Pl ai-P1I-Pg I-Pg i-Pg i-Pg
Nodal septum Green Pma Pma Pmb Pmb Green pma pma pmb pmb
pmc pmc ai-Pl ai-Pl Pme Pmc Ai-Pl Ai-Pl
Blackening of Absent ha ha hb hb Absent Ha Ha Hb Hb He Hc
lemma /palea hchei-Hi-H -HI-H

" Note. Both the parents are homozygous for C, A and P loci of the C-A-P complementary gene system.

Linkage was detected between the basic genes, Pl and Pu for leaf blade and sheath
pulvinus pigmentation, the complementary gene Pma for nodal pigmentation, and the
inhibitory genes I-Pg and I-H for glume pigmentation and blackening of lemma/palea. The
%% values were high when joint segregations were tested on the basis of independent
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assortment and modified on the basis of pleiotropic common gene. Recombination values
estimated by the product ratio method were satisfactory as is evident from the considerable
reduction in the x° values on linkage basis (Table 2). The sequence of the five linked genes
(Fig. 1) based on the crossover values is: PI-Pma-Pu-I-H-1-Pg.

Misro et al. [36] reviewed the studies on linkage in rice up to 1965 while formulating
linkage groups of indica rices. The groups proposed by them are equally applicable in the
present investigation. The revised II (Ig) linkage group [36] corresponding to the P1 group
of japonica had twelve genes prior to this investigation [37]. The present linkage group of
five genes have been placed tentatively in the same II (Ig) linkage group as the gene Pl was
common to both. In that case, four genes, i.e. Pma, Pu, I-Pg and I-H have been added to this

group.
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