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Improvement of RD47 and RD49 for Aroma and Low Amylose Content through
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Abstract

RD47 and RDA49, irrigated rice varieties, produced high yields but have non-aromatic and high
amylose content. This research aimed to develop those irrigated rice varieties for aroma and low amylose
content. The breeding work was conducted through backcrossing and marker-assisted selection (MAS) for
targeted genes badh2 and Wx". The FW-BCSF1 populations were planted, and heterozygous individuals
carrying all targeted genes were selected. The BC?JFZ-BCB'F5 populations were grown, and homozygous
genotypes that carried aroma and low amylose targets or only some of the targeted genes were also selected.
Promising lines were chosen for amylose content and yield trial evaluation. Six groups of BC3F5 population
were selected, including (1) eight and six lines carried homozygous alleles of which genes badh2 and Wx”,
with genetic backgrounds of RD47 and RD49, respectively, (2) thirteen lines carried homozygous alleles of
which genes badh2 and Wx® (intermediate amylose content), (3) forty lines carried homozygous alleles of
which genes badh2 and Wx" (high amylose content), (4) one lines carried homozygous alleles of which genes
Badh? and Wx", (5) two lines carried homozygous alleles of which genes Badh2 and Wx® (intermediate
amylose content) and (6) twenty-four lines carried homozygous alleles of which genes Badh2 and Wx® (high
amylose content). The promising line (BC3F5) PSL17018-19-1-2-3, with the RD49 genetic background and
carrying homozygous alleles for targeted genes badh2 and Wx”, gave the highest yield of 1,156 kg/rai.
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granule-bound starch synthase (GBSS = Wx protein)
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Table 1 DNA markers used in this study
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No. Name Traits Polymorphism References
1 aromarker badh2 8 bp deletion (GATTAGGC)  Vanavichit et al., 2004
2 waxy Wx" AGTTATA Wanchana et al., 2003
Wx® AGGTATA
RD4T X RD49 X
¢ l 200 plants 6 selected
200 plants 6 selected
RDAT x F, o MAs RD49 x F P MAS
i (Heterozygous) i
137 plants 11 selected 236 plants 4 selected
RDA7 X BCF - MaAS RD49 XOOBGR e mas
i (Heterozysous) i 200 plants 11 selected
BGF,  ---»  MAS 200 plants 12 selected BGF -- wmas
' (Heterozygous) i
v v
8 selected 6 selected
BCsFs  --® MAS  (Homozygous) BC:Fs - MAS

Fig. 1 Breeding scheme for improvement irrigated rice for aroma and low amylose content traits using

molecular marker assisted selection
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BC,F, uaz BCF laAdmaundaanngnanans nu47
MUY 787 137 608 LAY 1671 AR ANNAAL LAY
NU49 AU 1,276 236 713 LAy 958 LUAA ANNANAL
Ugniitedmdenduiiliu badh2 uaz Wi fiszylu
Table 1 e luusiazdatlgnanndruauaes na47 S
200 137 200 waz 160 Fitd AMNANAL NU49 AU 200
236 200 WAZ 240 AU AINAIAL AIN1TOAALAEN
ﬂixmm‘ﬁﬁﬁﬂwmzﬁuﬁqmmLm‘u heterozygous 16
F, a1nusza1ns nu47 uaz 149 ﬁﬁﬁﬂwmxﬁuﬁqmm
IAa1u9U 155 uaz 150 @1aug AMNA1AL uaziAen
dszansay 6 aneiug drlluannduainaszains
BC F, ANNNIDAAIAEN BC F, aniszans n147 uas
249 THA1U9U 23 UAY 6 AERUE AMNAIAL wazIAen
dszainsay 11 waz 4 aewug ana1ay W linaw
nauaselszanng BCF @1%130A ‘dananuszanns
nU47 uaz N249 1AAUIU 23 uaz 15 @Nesilg AN
AN uaziAaNLszaInNgay 12 uay 11 aeug A
aviu i linsunduaieilseaing BCF etlseanns
NT47 AU 58 A18WUT UAT NT49 AU 37 @ne
Wug uaziaeslinausawea (Table 2) (Fig. 2a)
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MU 696 A LATUIEEINT NU49 ATUIU 444 Bl A
Lﬁ@ﬂimﬂ%m?‘@wmﬂimm@ szgins n147 wWu
ANHUENINAUINTTUULY heterozygous (Badh2/
badh2) a1ual 350 @1eWug homozygous (Badh2/
Badh2) a1uau 196 @neWug homozygous (badh2/
badh?2) 1191 150 aneiug heterozygous (WaE/Wx")
AU 379 @8NS homozygous (Wx/Wx) A1UaU
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aneug
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heterozygous (Badh2/badh2) aus1 207 @18Wlg

&

homozygous (Badh2/Badh2) a1unid 125 @1eWus

3
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3
&

homozygous (Wx*/Wx?) a1u4q1 139 @18/ ug

3

homozygous (Wx"/Wx") a11a1s 83 e
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Wug muaA wazthlihlgnifualszans BC F an
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10 A 393 580 611 Usz1ns NV49 A1191 37 dneiig
Ugnanariugaz 10 6w 99u 370 &u Andeningld
wisnsuanaluiana Ysza1ns n47 wudnBEmng
Wuqm@mmu heterozygous (Badh2/badh2) a1uas
210 @neWug homozygous (Badh2/Badh2) anuau
114 818U homozygous (badh2/badh2) AMuau 256
AneIiug heterozygous (Wx"/Wx") aMU3U 213 &neiug

&

homozygous (Wx*/Wx®) a1uqi 130 18N Us

Kl
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&
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Kl
&
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ol
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Kl
&

homozygous (Wx?/Wx®) a1uq14 103 @8N Us

Kl
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homozygous (Wx>/Wx") anuais 169 @newusg
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(badh2/badh?) (Wx°/Wx’) leanuats 237 way 142 #nsl
g pmandy uazilidgnifuilseaing BC F, A
U3e91n% NV47 NUANHUENIIRUGNITNUL L
heterozygous (Badh2/badh2) anuau 52 @eWg

&

homozygous (Badh2/Badh2) anuau 125 @1aWug

Kl
&

homozygous (badh2/badh2) AU 60 @18NUS
heterozygous (Wx%/Wx") a1uq1 45 @aaiu

I

homozygous (Wx®/Wx®) a1uql 149 @a18nNUg

Kl

homozygous (Wx"/Wx") anuat 43 dneIwug
Us21nT N249 NUANBUZNINAUGNTTNULL
heterozygous (Badh2/badh2) anuu 16 @8

Kl
&

homozygous (Badh2/Badh2) 1114 39 @n81iug

Kl
&
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ol

&
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Kl
&
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(badh2/badh2) (W M) Tianuat 39 uas 69 aneig
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/-\ Allelic Discrimination Plot

| Homozygous alleles badh2

Heterozygous alleles badh2

Legend
Homozygous alleles non s Homozygous R/R & HOMoOZygous 5/S
o Heterozygous /S wUndetermined

02

(a) aroma BC F
3 2

Allelic Discrimination Plot

e

Homozygous alleles Wx?@

Legend

b sHomozygous R/R ¢ Homozygous 5/5
Homozygous alleles Wx patronnmmic st B :

03

(b) waxy BCQ’F5 (A)

Fig. 2 Allelic discrimination plots derived from QuantStudio 12K Flex Real Time PCR system; the SNP
technology showing improved RD47 and improved RD49 selected population using two DNA markers

including aroma BC F, (a) and waxy BCF, (b)
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Table 3 Six groups of BC3F5 selected lines of improved RD47 and RD49 respectively differentiated

by marker assisted selection and amylose content traits

No. of selected plants

Group Traits Total
Improved RD47  Improved RD49

1 aroma and low amylose 8 6 14
2 aroma and intermediate amylose 4 9 13
3 aroma and high amylose 10 30 40
4 non aroma and low amylose 1 - 1
5 non aroma and intermediate amylose 2 - 2
6 non aroma and high amylose 14 10 24

pandy thlilignAnineniszains BCF_ luutlas
nAaad Antdanilszans nu47 laanuau 38 anewug
ﬂwmﬂi NU49 A9 69 F1l uazINNNUgnNAN WIS
mum 4 unn AadenTneldiAiemne \ana tsvaing
N47 WUANHUTNINAUFNIINULL heterozygous
(Badh2/badh2) anual 1 @18Wug homozygous
(Badh2/Badh2) a11at 15 @18ig homozygous
(badh2/badh2) AMuau 22 a"8Wg homozygous (WAC/
Wx?) a1u91 27 @18Wig homozygous (Wx"/Wx")
AU 11 @8RG

Us211nT N249 NUANBUTNINNUINITUULY
homozygous (Badh2/Badh2) a1uau 10 aeiug
homozygous (badh2/badh2) anuau 59 aeiug
heterozygous (Wx*/Wx®) a1uqu 4 @1aWug
homozygous (Wx%/Wx®) a1uqu 51 @18Wug
homozygous (Wx"/Wx") a1uats 14 @i

- APLABNANBUTWUGNIINULY homozygous
(badh2/badh2) (Wx"/Wx") Téanuau 8 uaz 6 aneiig
ANNAAL (Table 3) WNNNNTALAIIZRLTN e ad
aansauLiszanalusiuau 6 ngu Aeaneniudia
fupouven Punedilaas ANANANIDY NV47
AU 8 @a1eWug LAun PSL17004-11-1-10-2,
PSL17004-11-1-10-3, PSL17004-13-1-9-1,
PSL17004-13-1-9-3, PSL17004-13-1-9-4, PSL17004-
13-1-9-5, PSL17004-13-1-9-6 ay PSL17004-14-1-2-1
LAY NT49 AU 6 A1ENUE LAl PSL17016-2-1-10-1,
PSL17018-19-1-2-3, PSL17018-19-1-9-1, PSL17022-
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2-1-4-1, PSL17022-10-1-1-1 wag PSL17023-3-1-9
o emlaal IS

aneRugnREuAIeNkaz T edTag
NAN AU 13 A18RUT aeRugIRNEuANTeN
Ynnnueiilangs Auan 40 aeiig ananugn il
vanuariiFunuailagsn auau 1 aneiug anewug

aa a o

TidEununenuazfFunueilaalunas auau
2 aneug uazanewugn lkdliuauvesuazeillas
49 411U 24 ANEWUg (Table 3, 4)

2. sunuaiilag

- haneiugTitEunusen afllaas wusuou
14 EWUG AINANANUD NU47 AU 8 A1EWUT UaY
NU49 AU 6 ANRUG fsunnieRlaancusiionas
16.89-19.50 aillaail1unats a1uau 13 anawug §
USunnseiiladsaus feeay 20.13-23.50 ailanga
AU 40 mm‘v”uﬁﬁﬂ?mmam@@ﬁ% Wwhl FRsiaz 25.04
-29.10

- e bifiEumen Heflagsn 4 1 aneniug
Hfsunueilaaiasas 19.52 afilaatunans auou
2 anesilg AilTunuaiilas fesar 20.14-20.32 was
allaage AU 24 @neug Usnnmseilagnaus
Faeay 25.75-28.62 (Table 4)

3. NMSANHINUGTUGA
° o ealaa = = o
naaugnEuANnen innueilaani

]
'8

AU 14 A1ERUG ANLITTINT NU47 UAT N1 49 W1
dgndnm annismeseunananilessiu liaaiug
Nianangs 3 dudts liun aneviug PSL17018-19-1-2-3
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Table 4 Designation of selected lines from six groups differentiated by marker assisted selection

and amylose content traits

No. Designation Amylose Aroma Waxy Group

Improved RD47

1 PSL17004-1-1-1-1 20.32 non-aroma Wi | 5

2 PSL17004-1-1-5-1 27.00 aroma Wx* H 3

3  PSL17004-1-1-5-2 27.23 non-aroma Wx* H 6

4 PSL17004-2-1-1-1 28.60 non-aroma Wx* H 6

5  PSL17004-2-1-2-1 27.01 non-aroma Wx* H 6

6  PSL17004-2-1-2-3 27.46 non-aroma Wx* H 6

7 PSL17004-2-1-2-4 28.60 non-aroma Wx* H 6

8  PSL17004-2-1-5-1 27.94 non-aroma Wx* H 6

9  PSL17004-2-1-7-1 21.88 non-aroma Wx® | 5
10  PSL17004-2-1-7-2 20.14 aroma Wi | 2
11 PSL17004-5-1-1-1 27.43 aroma Wx* H 3
12 PSL17004-5-1-1-2 28.19 non-aroma Wx* H 6
13 PSL17004-5-1-7-1 19.52 non-aroma Wx" L 4
14 PSL17004-5-1-7-2 28.22 non-aroma Wx* H 6
15 PSL17004-5-1-7-3 28.62 non-aroma Wx* H 6
16 PSL17004-7-1-2-2 27.57 non-aroma Wx* H 6
17 PSL17004-7-1-2-3 26.96 non-aroma Wx* H 6
18  PSL17004-8-1-3-1 27.68 aroma Wx* H 3
19  PSL17004-8-1-3-2 27.05 aroma Wx* H 3
20  PSL17004-8-1-3-3 27.82 aroma Wx* H 3
21 PSL17004-8-1-5-1 27.51 aroma Wx* H 3
22 PSL17004-8-1-5-2 27.55 aroma Wx* H 3
23 PSL17004-8-1-9-4 27.21 aroma Wx* H 3
24 PSL17004-8-1-9-5 27.73 aroma Wx* H 3
25  PSL17004-9-1-2-1 26.28 non-aroma Wx* H 6
26 PSL17004-9-1-6-1 27.76 aroma Wx* H 3
27  PSL17004-9-1-6-2 26.41 non-aroma Wx* H 6
28  PSL17004-11-1-9-1 22.76 aroma Wi | 2
29  PSL17004-11-1-9-2 21.86 aroma Wi | 2
30  PSL17004-11-1-10-1 20.13 aroma Wi | 2
31 PSL17004-11-1-10-2 18.27 aroma Wx" L 1
32 PSL17004-11-1-10-3 19.50 aroma Wx" L 1
33 PSL17004-13-1-9-1 18.35 aroma Wx" L 1
34 PSL17004-13-1-9-3 17.92 aroma Wx" L 1
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Table 4 (cont.)

No. Designation Amylose Aroma Waxy Group
Improved RD47 (cont.)

35  PSL17004-13-1-9-4 18.26 aroma Wx" L 1
36  PSL17004-13-1-9-5 18.37 aroma Wx" L 1
37  PSL17004-13-1-9-6 17.81 aroma Wx" L 1
38  PSL17004-14-1-2-1 18.57 aroma Wx" L 1
Improved RD49

39  PSL17016-2-1-10-1 17.05 aroma Wx" L 1
40  PSL17016-11-1-4-1 27.24 non-aroma Wx* H 6
41 PSL17016-20-1-3-2 28.69 aroma Wx* H 3
42 PSL17016-20-1-3-3 28.90 aroma Wx* H 3
43 PSL17016-20-1-4-1 28.28 aroma Wx* H 3
44 PSL17016-20-1-4-2 25.04 aroma Wx* H 3
45  PSL17016-20-1-5-1 29.05 aroma Wx* H 3
46 PSL17016-20-1-5-2 28.84 aroma Wx* H 3
47 PSL17016-20-1-5-3 27.56 aroma Wx* H 3
48  PSL17016-20-1-6-1 29.10 aroma Wx* H 3
49  PSL17016-20-1-6-2 28.85 aroma Wx* H 3
50  PSL17016-7-1-8-1 27.84 aroma Wx* H 3
51 PSL17016-9-1-3-1 27.18 non-aroma Wx* H 6
52 PSL17016-9-1-9-1 20.16 aroma Wi | 2
53  PSL17016-9-1-10-1 20.86 aroma Wi | 2
54 PSL17016-11-1-5-1 25.97 aroma Wx* H 3
55  PSL17018-7-1-1-1 25.35 aroma Wx* H 3
56  PSL17018-19-1-2-1 27.60 non-aroma Wx* H 6
57  PSL17018-19-1-2-3 19.08 aroma Wx" L 1
58  PSL17018-19-1-9-1 17.04 aroma Wx" L 1
59  PSL17022-2-1-4-1 16.89 aroma Wx" L 1
60  PSL17022-10-1-1-1 19.55 aroma Wx" L 1
61  PSL17022-10-1-4-1 22.85 aroma Wi | 2
62  PSL17022-10-1-4-2 26.52 aroma Wx* H 6
63  PSL17022-10-1-5-2 23.13 aroma Wi | 2
64  PSL17022-10-1-6-3 22.79 aroma Wi | 2
65  PSL17022-11-1-1-1 26.92 aroma Wx* H 3
66  PSL17022-11-1-1-2 26.28 aroma Wx* H 3
67  PSL17022-11-1-1-3 28.29 non-aroma Wx* H 6
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Table 4 (cont.)

No. Designation Amylose Aroma Waxy Group
Improved RD49 (cont.)

68  PSL17022-11-1-3-1 27.99 aroma Wx* H 3
69  PSL17022-11-1-3-2 26.99 aroma Wx* H 3
70  PSL17022-11-1-4-2 27.41 aroma Wx* H 3
71 PSL17022-11-1-4-3 27.37 aroma Wx* H 3
72 PSL17022-11-1-5-1 27.29 aroma Wx* H 3
73 PSL17022-11-1-5-2 27.10 aroma Wx* H 3
74 PSL17022-11-1-9-1 27.29 aroma Wx* H 3
75  PSL17022-12-1-2-1 26.81 aroma Wx* H 3
76  PSL17022-12-1-2-2 25.71 aroma Wx* H 3
77 PSL17022-12-1-3-1 27.05 aroma Wx* H 3
78  PSL17022-12-1-4-2 26.97 aroma Wx* H 3
79  PSL17022-12-1-4-5 27.47 aroma Wx* H 3
80  PSL17022-12-1-8-1 26.74 aroma Wx* H 3
81  PSL17022-13-1-1-1 23.14 aroma Wi | 2
82  PSL17022-13-1-9-2 21.59 aroma Wi | 2
83  PSL17022-16-1-9-1 26.81 non-aroma Wx* H 6
84  PSL17022-16-1-10-1 27.34 non-aroma Wx* H 6
85  PSL17023-3-1-1-1 23.50 aroma Wi | 2
86  PSL17023-3-1-9-1 17.67 aroma Wx" L 1
87  PSL17023-3-1-10-1 26.38 non-aroma Wx* H 6
88  PSL17023-3-1-10-2 22.74 aroma Wi | 2
89  PSL17023-3-1-10-3 25.71 aroma Wx* H 3
90  PSL17023-8-1-4-1 26.10 aroma Wx* H 3
91  PSL17023-8-1-6-1 26.26 aroma Wx* H 3
92  PSL17023-8-1-6-2 26.21 non-aroma Wx* H 6
93  PSL17023-8-1-6-3 25.57 non-aroma Wx* H 6
94  PSL17023-8-1-6-4 25.97 non-aroma Wx* H 6

Wx° L = low amylose, Wx®

42

Thai Rice Research Journal, Vol. 14 No. 2, July - December 2023

H = high amylose, Wx" | = intermediate amylose



Table 5 Yield (kg/rai) of Fourteen Lines at Phisanulok Rice Research Center in 4-row

Observation
No. Designation Amylose (%) Height (cm) Rang Yield
Improved RD47
1 PSL17004-11-1-10-2 18.27 86 3 1,061
2 PSL17004-11-1-10-3 19.50 95 9 540
3 PSL17004-13-1-9-1 18.35 85 - -
4 PSL17004-13-1-9-3 17.92 94 12 289
5 PSL17004-13-1-9-4 18.26 90 8 619
6  PSL17004-13-1-9-5 18.37 89 6 760
7 PSL17004-13-1-9-6 17.81 90 5 960
8 PSL17004-14-1-2-1 18.57 96 10 420
Improved RD49
9 PSL17016-2-1-10-1 17.05 120 11 412
10 PSL17018-19-1-2-3 19.08 138 1 1,156
11 PSL17018-19-1-9-1 17.04 90 - -
12 PSL17022-2-1-4-1 16.89 96 4 1,058
13 PSL17022-10-1-1-1 19.55 90 2 1,141
14 PSL17023-3-1-9-1 17.67 83 7 690

Tiuanan 1,156 Alaniusials aneWug PSL17022-10-
1-1-1 Wian@n 1,141 Alandusials aantlszaing na49
a18Wug PSL17004-11-1-10-2 LNanan 1,061
Alanfusiald anilszmng na47 (Table 5)
NMINBUIRUGTY NB47 uaz nu49 Taw
ve uazsnnseilaas Tneimntlssmnauuuneas
ndu warldirsesna luanadmien dszans F. i
BC,F. Faidenduiildnsmeiugnssuuyy
heterozygous uaziletlseeliugusaelulsyans
dafi BC,F, ymeRAenAURT AN NI
homozygous luAuMsEuTidesns nwudunil
ANTRINUFNITHULIL heterozygous TULNNANHRIEAY
UreelWnansesiealanalunsdniden uwaz
Ugndnienausilszaing BC F_ uaziundniaen
Tmmﬂ?@wmﬂ‘lﬁuL@Q@wé’@u%ﬁLmﬁw’ﬂ?mm@m@m
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a18Wug PSL17018-19-1-2-3 Wnanangs 1,156
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nafmAenduil ddnrsRugnesuiiasnisann
tszanadausn Inaanunanfiazidenduifiugnesy
Japuen wazliunnedlaan gudeatunig
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