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Using molecular marker assisted selection and aroma sensory test for
Breeding non-glutinous, photoperiod insensitive purple rice for aroma
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ABSTRACT: The demand of health-conscious consumers to consume purple rice is increasing due to the benefit to
human health by reducing the risk of several serious diseases. However, the available purple rice varieties are mostly
photo sensitive with low grain yield and quality. This study aimed to select for non-glutinous purple rice, photoperiod
insensitive, high yield and aroma characteristics by evaluation of F, and used molecular marker assisted selection
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for aroma in F, before sensory testing was applied in F5 generation. The study was carried out in population derived
from a cross between advanced line of semi-dwarf, photoperiod insensitive, non-glutinous purple rice (KDK-10) and
semi-dwarf, photoperiod insensitive white fragrant Pathum Thani 1 (PTT1) variety. Evaluation of F; hybrids found
that the hybrid had the same height as parents, flowering at 109 days, number of tillers and panicles per plant and
1000 grain weight less than the parents. Grain yield of the F; was the same as KDK- 10, but less than PTT1. In F,
population, pericarp color was segregating into black and white color at 9:7 ratio. Plants with black pericarp were
selected and analyzed DNA by using functional marker which located in gene controlling aroma (BADH2). Twenty-
three F, plants with PTT1 allele type were found and selected and represented F; families. The F; families were
sown, 5 plants per family. At maturity, each plant within family was inspected for pericarp color. Families with all
plants having black pericarp were further tested for aroma by sensory testing. Aroma of each plant was tested and
compared with female (KDK- 10, non-aromatic, score 0) male (PTT1, moderately aromatic, score 1) and standard
aroma variety (KDML 105, aromatic, score 2). Eleven plants with average aroma score higher than 1, between
1.1-1.8, were selected. The selected F; plants were flowering between 95-101 days. All plants had semi-dwarf type
with grain yield between parents with 8.7-14.1% amylose. The selected plants will represent promising lines and
use as source of material to develop aroma, photoperiod insensitive purple rice with high yield in the future.
Keywords: aroma; molecular marker; non-glutinous purple rice; photoperiod insensitive.
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Figure 1 Source of advanced line KDK-10 and selection scheme in F, and F; generations between KDK-10 x PTT1

in this study
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Table 1 Agronomic traits of F; hybrid compared with the female (P,, KDK-10) and male (P,, PTT1) parents

Traits cenoee et
P, (KDK-10) P, (PTT1) F
Days to flowering 108 b’ 118 a 109 b woxx
Plant height (cm) 62 63 63 ns
Tillers per plant 21 a 21 a 16 b *
Panicles per plant 21 a 19 a 14 b *
Panicle length (cm) 26 b 28 a 25b *
Branches per panicle 9 9 8 ns
Spikelets per panicle 123 120 124 ns
1000 grain weight (g) 25a 23 b 21 ¢ *
Filled grain (%) 82 84 69 ns
Grain yield per plant (g) 24 b 31a 22 b *

Mean values followed by the same lowercase letters within each character are not significantly different at P<0.05 by LSD
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Table 2 Segregation of pericarp colors in the F, population from a cross between KDK-10 and PTT1
Pericarp color P
Genotypes Total X
Black White (df=1)
P, (KDK-10) 50 50
P, (PTT1) 50 50
F, 191 129 320 - -
Expected ratios
Single gene (dominant) 3:1 240 80 320 40.1 xxx
Two genes (dominant) 15:1 300 20 320 633.6 oHx
Two genes (epistasis)  9:7 180 140 320 1.5 ns

*** indicates the difference between the observed data and expected ratio at P<0.001, while ns is not different

Table 3 Segregation of badhZ2 alleles of the 191 selected F, plants with black pericarp from a cross between KDK-

10 and PTT1
Genotypes Number of individuals
P, H P, Total
P, (KDK-10) 10 10
P, (PTT1) 10 10
F, 50 118 23 191
% 26 62 12 100

P1 = Badh2/Badh2 non-fragrant KDK-10 type, P2 =badh2/badh2 fragrant PTT1 type and H = heterozygote (Badh2/badh2)

Table 4 Pericarp color within family of 23 selected F; families, 5 plants/family

Parents/F3 Number of family

Black Segregating White Total
P, (KDK-10) 5% 5
P, (PTT1) 5 5
Fs 5 18 23

# All plant with black pericarp, family no. 25, 60, 62, 167 and 184
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Table 5 Aroma score of sensory test by 10 panelists of 5 selected F5 families, 5 plants per family compared with

parents, and standard check KDML 105

Panelist
Family Plant 1 2 3 4 5 6 7 8 9 10 Plant mean Family
mean

25 1 2 1 1 1 2 2 2 2 1 1 1.5

2 2 0 1 2 2 2 1 2 1 1 1.4

3 2 0 1 2 2 2 1 2 1 1 14

4 2 1 1 1 2 1 1 2 1 0 1.2

5 2 1 2 2 2 2 1 2 2 2 1.8 1.5
60 1 0 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0 0

3 1 0 0 1 1 0 0 1 0 1 0.5

4 1 0 0 1 0 1 1 1 1 1 0.7

5 0 0 0 0 0 0 0 0 0 0 0 0.2
62 1 1 0 1 0 0 0 1 1 1 1 0.6

2 0 1 1 0 0 0 1 0 1 0 0.4

3 0 0 1 0 1 0 1 1 0 0 0.4

4 0 0 1 0 0 0 0 1 1 0 0.3

5 1 0 1 1 0 0 0 0 0 0 0.3 0.4
167 1 2 1 2 2 1 1 2 1 1 1 1.4

2 2 2 2 2 2 1 2 2 1 2 1.8

3 0 1 1 0 1 0 1 2 2 1 0.9

4 0 1 1 1 1 1 1 1 1 1 0.9

5 2 2 2 1 1 0 1 1 0 1 1.1 1.2
184 1 1 1 2 1 1 0 2 1 1 2 1.2

2 1 1 2 1 2 1 1 1 1 1 1.2

3 2 1 2 1 2 0 0 1 0 0 0.9

4 0 2 1 1 2 1 1 1 1 1 1.1

5 0 0 0 1 0 0 1 1 0 0 0.3 0.7
P1 (KDK-10) 1 0 0 0 0 0 0 0 0 0 0 0
P2 (PTT1) 1 1 1 1 1 1 1 1 1 1 1 1
KDML105 1 2 2 2 2 2 2 2 2 2 2 2

Aroma score: non aromatic = 0, moderately aromatic as PTT1 = 1 and aromatic as KDML 105 = 2
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Table 6 Agronomic traits and amylose percentage of parents and 11 selected F; plants with black pericarp and aroma score>1

Parent/Selec F; family Plant ~ Aroma  Days to Culm Panicles/  Panicle Spikelets/  Filled Grain yield Amylose
tion score  flowering  height plant length panicle grain (%) (g/plant) (%)
(days) (cm) (cm)
Parents P, (KDK-10) 0 99.2 (277 624(52) 38(1.0) 253(4.0) 955(11.1) 76.0(11.3) 6.0(1.3) 13.3(0.4)
P, (PTT1) 1 1148 (22) 682(22) 76(1.8) 269(1.2) 1121(7.3) 99.2(54) 13.6(1.1)  12.9(0.3)
Selection
1 25 5 1.8 95 57 7 24 96 77 7.2 9.5
2 167 2 1.8 101 61 5 24 82 64 6.5 9.8
3 25 1 1.5 95 53 6 21 97 71 4.6 8.9
4 25 3 14 97 61 5 27 96 75 7.6 11.2
5 167 1 14 102 62 a4 23 89 86 5.6 10.6
6 25 2 14 97 62 5 24 104 87 6.3 8.7
7 184 2 1.2 100 56 a4 25 123 87 9.8 11.2
8 25 4 1.2 100 66 6 29 113 81 8.3 13.0
9 184 1 1.2 99 54 3 26 119 86 7.5 14.1
10 184 4 1.1 99 62 6 26 92 75 11.8 10.3
11 167 5 1.1 101 60 3 24 92 70 4.5 11.5
Mean 1.4 98.5 59.5 53 24.9 100 79.3 8.0 11.2
S.D. 0.2 24 4.2 1.7 2.0 12.3 7.8 29 1.7

@ Mean and standard deviation from 5 plants
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