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Behavior of Gene Controlling Synthesis of Purple Colour in Purple Glutinous

Rice (Oryza sativa L.)
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ABSTRACT

Behavior of genes controlling the synthesis of purple colour in purple glutinous rice
has not widely been recognized. Investigation would benefit many breeding programs in
which morphological marker is needed. To investigate the action, F1 and F2 hybrids were
produced through hybridization between the female purple rice cultivar (Kumdoisaket) and
the male white rice cultivar (Niaw Sanpathong). Experiments were carried on during 1997-
1999 at the experiment field of the Faculty of Agriculture, Chiang Mai University. The results
showed that, two genes (Aa and Cc) were responsible for purple colour synthesis in rice
plant. The results in F1 demonstrated dominance action of the purple colour over the white
on ligule, auricles, internode, apiculus and stigma where as on seedlings, leaf-sheath and
leaf-blade, the action was incomplete dominance as the traits of the F1 were greenish-purple
in colour. In Fz, the ratio of 9 purple : 7 green was manifested on ligule, auricles, internode
and apiculus while for stigma the ratio was vice visa, demonstrated the complementary gene
action of epistasis in which recessive genes "a" and "¢" were epistatic genes. The ratio 1
purple : 8 greenish-purple : 7 green manifested on seedling, leaf-sheath and leaf-blade was
a new and of excitement, indicated the semi-epistatic action of semi-dominant genes. In
consequence, the genotype of purple colour would be the all-dominant genes for both loci
(CCAA). The "C_A_" genotype produced the greenish-purple colour and the "C_aa, ccA_
and ccaa" responsible for the green colour. However, the colours produced on husk and
pericarp were of exception. In F1's , husk and pericarp produced the same colour as to the
colour of the female Kumdoisaket parent, drawn out the action of complete dominance. But
in F2 the heterotic effect of the F1’s heterozygous was lost. The F2 ratio shows no correspon-
dence o any of the dihybrid ratio. In fact, the frequency of the F2 phenotypes distributed
continuously, indicates the polygenic inherited of the two genes (C and A) differ action from

the other traits.

Key words: purple glutinous rice, epistatic gene, semi-dominant gene, polygenic inheritance
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Table 1. Colour on various parts of the rice plant of parent and the F1

Plant part Kumdoisaket Niaw Sanpathong F1 hybrid
Seedling Purple Green Purplish green
Leaf-sheath Purple Green Purplish green
Leaf-blade Purple Green Purplish green
Ligule Purple White Purple

Auricle Purple White Purple
Internode Purple Green Purple
Apiculus Purple White Purple

Stigma Purple White Purple

Husk Purplish brown Rice straw colour Brown purplish brown
Pericarp Dark-purple White Dark-purple
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uaz 4)
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Table 2. Variation in colour of seedlings in the F2 hybrid of the combination Kumdoisaket

(purple} X Niaw Sanpathong(green)

Observed | Expected Fz ratio
and number purple: Seedling colour Probability

expected of purplish- (number of plants) e (df=2)

value gene green:

control green Purple | Pumplish-green |  Green

Observed - - 13 68 55 - -
Expected 1 gene 1:2:1 34 68 34 25.94 0.0001
Expected 2 gene 1:14:1 8.5 119 8.5 278.66 0.0001
Expected 2 gene 1:8:7 8.5 68 59.5 2.73 0.256
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Table 3.  Variation in colour of leaf-blade in the F2 hybrid of the combination Kumdoisaket
(purple) X Niaw Sanpathong (green)
Observed | Expected F2 ratio
and number | purple: Leaf blade colour Probability
expected of purplish« {number of plants) X2 (df=2)
value gene green
control : green | Pumple |Purplish-green ! Green
Observed - - 13 68 55 - -
Expected 1 gene 1:2:1 34 68 34 25.94 0.0001
Expected 2 gene 1:14:1 8.5 119 8.5 278.66 0.0001
Expected 2 gene 1:8:7 8.5 68 59.5 2.73 0.256
Table 4. Variation in colour of leaf-sheath in the F2 hybrid of the combination Kumdoisaket
(purple} X Niaw Sanpathong (green)
Observed | Expected FZ ratio
and number purple: Leaf sheath colour Probability
expected of purplish- (number of piants) x? (df=2)
value gene green:
control green |Pumple | Pumplish-green | Green
Observed - - 13 68 55 - -
Expected 1 gene 1:.2:1 34 68 34 25.94 00.0001
Expected 2 gene 1:14:1 8.5 119 8.5 278.66 0.0001
Expected 2 gene 1.8.7 8.5 68 58.5 2.73 0.256
NI£31067 7 : 9 9a9R . MAsanTes m‘sm:mﬂﬁ’;maagﬂmawiu%ﬁﬁaa

(Table 9)

fauaneneiirandfanufe uas

d e w & . a
LEJE]‘I{E&JLEJN@%% WE?’\ﬂW‘Eﬂ?Z%’IHW’J"ﬂE}&@ﬂ Fz

TiaaaasasnuataIanuIens 1 uaz 2 ow

(Tables 10 waz 11)

Thai Agricultural Research Journat Vol.21 No.1 January - April

ﬁa%ﬁwﬁﬁuﬁwmuﬁaa@; "Ce* Uaz "Aa" i
ﬁmﬁ’wﬁmuﬂmmié’aLﬂﬂ:ﬁ%ma Iaptanie
vwfaduindn Woatuuwas Udes uas
dangaen Fivazusasngdnysuiduiv

‘ (Ao = @ ' P
LA “ENﬁL"U8?%33’”7’31@8%@'@\1?3@337@3%7]

2003 39



Table 5. Variation in colour of ligule in the F2 hybrid of the combination Kumdoisaket

(purple) X Niaw Sanpathong (white)

Observed Expected Ligule colour
and number F, ratio (number of plants) %* | Probability
expected of
value gene control | Purple : White | Purple | White (di=2)
Observed - - 69 67 - -
Expected 1 gene 3:1 102 34 42.71 0.0001
Expected 2 gene 15:1 127.5 8.5 429 .46 0.0001
Expected 2 gene 9:7 76.5 59.5 1.681 0.195
Table 6. Variation in colour of auricles in the F—'2 hybrid of the combination Kumdoisaket
{purple) X Niaw Sanpathong (white)
QObserved Expected Ligule colour
and number F, ratio (number of plants) %* | Probability
expected of
value gene control | Purple : White! Purple | White (df=2)
Observed - - 69 67 - -
Expected 2 gene 9:7 76.5 9.5 1.681 0.195
Expected 1 gene 3:1 102 34 42.71 0.0001
Expected 2 gene 16:1 127.5 8.5 429.46 0.0001
2 gene 9:7 76.5 59.5 1.68 0.195
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Table 7.  Variation in colour of internode in the F2 hybrid of the combination Kumdoisaket

(purple) X Niaw Sanpathong (white)

Observed Expected Ligule colour
and number F2 ratio (number of plants) »: Probability
expected of
value gene control | Purple : White | Purple | White (df=2)
Observed - - 69 68 - -
Expected 1 gene 3:1 102 34 45.33 0.0001
Expected 2 gene 15:1 127.5 8.5 444 27 0.0001
Expected 2 gene 9:7 76.5 59.5 2.16 0.185

Table 8. Variation in colour of apiculus in the Fz hybrid of the combination Kumdoisaket

(purple} X Niaw Sanpathong (white)

Observed Expected Ligule colour
and number F2 ratio (number of plants) 0 Probability
expected of
value gene control | Purple : White| Purple | White (df=2)
Observed - - 81 55 - -
Expected 1 gene 31 102 34 17.29 0.0001
Expected 2 gene 15:1 127.5 8.5 271.34 0.0001
Expected 2 gene 9.7 76.5 59.5 0.61 0.195
genes FanuIssunTnEou genotype fi vrly Wsaruuuss Udes wazdanzaan
mug}m%mqLm:?n.%mw%amwul,%ﬁu aeilas

9 339 = 1CCAA : 2CcAA : 2CCAa : 4CcAa
7 1 W87 = 1CCaa : 2Ccaa: 1ccAA : 2ccha : 1ccaa

wazvi 1w F_ genotype(CcAa) URAIFLN NN
FATUFNMUY stigma (7 429 : 9 FmTuiduudund muly uey
- ¢ o Y- | i a ' ' a i
2717) &I BULT WA DI NULLE lunng wHuly AusasdasidIwIzridng &iae

That Agriculturat Research Journal Vol.21 No.1 January - April 2003 44



Table 9. Variation in colour of stigma in the F2 hybrid of the combination Kumdoisaket

(purple) X Niaw Sanpathong (white)

Observed Expected Ligute colour
and number F, ratio (number of plants) %* | Probability

expected of (df=2)

value gene control | Purple : White | Purple White
Observed - - 64 72 - -
Expected 1 gene 31 102 34 56.63 0.0001
Expected 2 gene 15:1 127.5 8.5 506.01 (.0001
Expected 2 gene 7.9 59.5 78.5 0.61 0.437

Tabile 10. Variation in colour of husk in the F2 hybrid of the combination Kumdoisaket

(purple) X Niaw Sanpathong (brownish)

Observed | Expected F2 ratio
and number | purple: Leaf blade colour Probability
expected of purplish- {(number of plants) P4 {df=2)
value gene green
control : green | Pumple | Purplish-green| Green
Observed - - 1 100 35 - -
Expected 1 gene 1:2:1 34 68 34 4712 0.0001
Expected 2 gene 1:14:1 8.5 119 8.5 92.27 0.0001
Expected 2 gene 1:8:7 8.5 68 59.5 31.77 0.0001
Wentluaag ¢ W@or wihnu 18 ;7 llu 1114 semi-epistatic action U89 semi-dominant
Sosaminulnduasitauls uaasliifinin genes SavildiAndnsaefimudouaag)
ﬁ@f‘ﬁf_n‘smdﬂaﬁuﬁmuamﬁaﬁ@ enzymes fuandisluarnwaus uazsrursnidiou
figaemeiihundundt muly wasuruly Fnumeaas genotype ldasil

1379 = 1CCAA
8 1WUui29 = 2CcAA : 2CCAa : 4CcAa

7 @83 = 1Ccaa : 2Ccaa ° 1ccAA : 2ccAa : 1ccaa
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Table 11. Variation in colour of pericarp in the F2 hybrid of the combination Kumdoisaket

(dark-purple} X Niaw Sanpathong (white)

Observed | Expected F2 ratio
and number purple : Leaf blade colour Probability
expected of purplish- {number of plants) p (df=2)
value gene dreen
control :green | Pumle |Pumplish-green | Green

Observed - - 1 90 45 - -
Expected 1 gene 1:2:1 34 68 34 42.71 0.0001
Expected 2 gene 1:14:1 8.5 119 8.5 170.42 0.0001
Expected 2 gene 1:8:7 8.5 &8 58.5 17.27 0.0002
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