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Detection of aroma in Thai upland rice germplasm using DNA markers

specific to Os2AP gene and analysis of its cooking qualities and seed Fe

content
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ABSTRACT

The aroma of rice is an important trait
for its economic value. It is regulated by the
Os2AP gene, which is located on the long arm
of chromosome 8. The objective of this
research is identification of aroma in 618
samples of Thai upland rice germplasm using 4
DNA markers located specifically on the Os2AP
gene: Aromarker, 5'SSR, 3In2AP and 3'indel-
UTR. Cooking qualities and iron content were
also analyzed in rice seeds. The results
showed that the Aromarker can be used to
identify aromatic rice from all samples. A total

of 78 samples of aromatic upland rice were
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detected by Aromarker including 57 samples of
glutinous rice, 20 samples of non-glutinous rice
and one sample of heterozygous genotype. For
the 3In2AP marker, the aroma in upland rice
germplasm cannot be identified because it
showed a monomorphic DNA pattern. In
addition, one of the aromatic upland rice
displayed non-aromatic genotype at Aromarker
and 3In2AP marker, but the 2-acetyl-1-pyrroline
(2AP) content in brown rice seeds analyzed by
Headspace-GC/MS was 2.52 ppm. Os2AP
allele diversity in upland rice germplasm was
evaluated using 2 DNA markers. The results
showed that 3 alleles of 3'indel-UTR and 9
alleles of 5SSR were detected in this
population. Cooking qualities of rice grain were
evaluated by amylose content (AC) and
gelatinization temperature (GT). A total of 223
samples showed low amylose content between
10-19%. Most of them exhibited a GT value
below 70°C. Perls’ Prussian blue method was
used to evaluate iron content in brown rice
seeds. A total of 334 seed samples displayed
high iron content at level 2, and 53 seed
samples showed highest iron content at level 3.
This study presented the high genetic variation
and economic values of upland rice germplasm
in Thailand. These rice germplasm can be
distributed to farmer on highland areas, which
will increase the genetic diversity of the

cultivated rice.
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Table 1 DNA markers specific to Os2AP gene used for aromatic characterization in Thai upland

rice germplasm.

Markers Location on Polymorphism PCR product  References

Os2AP gene (bp)
Aromarker exon7 8 bp deletion 320 (Vanavichit et al.,

(GATTAGGC) 2004)

3In2AP exon13 3 bp insertion (TTA) 197 (Myint et al., 2010)
3’ Indel-UTR 3UTR 43 bp deletion 240 (Plubpla et al., 2010)
5 SSR intron4 (TA), 138 (Plubpla et al., 2010)
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i1 13775 TwIndvasin 0s24P  1uainals
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Table 2 Distribution of Os2AP alleles detected by Aromarker in non-glutinous, glutinous and mixed

glutinous and non-glutinous upland rice samples.

Types Aroma Non-aroma Heterozygous  Total
Non-glutinous rice 20 371 12 402
White 20 328 10 357
Red 0 19 2 21
Black 0 0 0 0
Mixed color 0 24 0 24
Glutinous rice 57 112 24 194
White 14 65 2 82
Red 12 29 14 55
Black 28 12 2 42
Mixed color 3 6 6 15
Mixed 1 18 3 22
Total 78 501 39 618
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&4 o ,
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Figure 1 DNA patterns of Aromarker (A),
3In2AP (B), 3’Indel-UTR (C) and 5'SSR
markers (D) in 618 samples of Thai upland rice
compared with KDML105 (Thai aromatic rice),
Pathein Nyunt (Myanmar aromatic rice: PN)

and IR57514 (non-aromatic rice: IR).
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Varieties 2AP (ppm) SD %RSD
KDML 105 (aroma) 4.99 0217 4.34
IR57514 (non-aroma) 0.00 0.000 0.00
UP-369 upland rice 2.52 0.098 3.90

Note: SD = standard deviation, %RSD = the percentage of

relative standard deviation.

Figure 2 Chromatogram and 2AP content in
brown rice seeds of UP-369 which were
analyzed by Headspace-GC/MS compared with
KDML105 (Thai aromatic rice) and IR57514

(non aromatic rice: IR).
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Group 2

Figure 3 Phylogenetic tree of 618 samples of Thai upland rice based on 4 DNA markers specific to

Os2AP gene generated by UPGMA method in DARwin5 program (CIRAD, 2009).
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Table 3 Distribution of the percentage of amylose content in 618 Thai upland rice determined by

single seed quality test method.

Types Amylose content (%) Frequency Percentage
Glutinous rice 1.3-10.0 194 31.4
Non glutinous rice: lowest amylose content <10.0 9 1.5
Non glutinous rice: low amylose content 10.0-19.0 223 36.1
Non glutinous rice: medium amylose content 20.0-25.0 101 16.3
Non glutinous rice: high amylose content 25.0-30.0 48 7.8
Non glutinous rice: highest amylose content > 30.0 21 3.4
Glutinous rice+ Non-glutinous rice 4.6:27.3 22 3.6
Total 618 100.0

CPRERE qm%nﬂﬁuﬂuqn #1ni1 700 °C
. a o o a A A
VIWLAEI AU BNNER 105  TINAIAT
g0 lue19UsE N 7 RauT1nisIwuIn
sulngjazddszauazuuuniiaaiod ludnia
129 4-5 lapds1uwin 158 @18819 910210

AREINIRNATIUIN 194 A8 ﬁqm%n“ﬁuﬂd

'
a

N 70.0-74.0 °C uszwudhunilsandgunnd
u,ﬂaqﬂga 9 (74.5-79.0 °C) 1w 9 @819
laun d1mfisadfenuas  CPAC08018
CPACO07078 CPAC08020 CPAC08027
SMDC89001-6 Tauad 3daan waz 1115

la¥ (Table 4)

Table 4 Gelatinization temperature of 618 upland rice identified by alkali spreading value (1.7%

KOH).
Score Gelatinization temperature Non-glutinous rice Glutinous rice Mixed Total
1-3 74.5-79°C 100 9 5 114
4-5 70.0-74.0°C 87 158 14 259
6-7 Lower than 70.0°C 215 27 3 245
Total 402 194 22 618




22 ThaiJ. Genet. 2013, 6(1) : 11-24

a 1 [<3
N133LATITHAIAARIUABVDISIAAAN T1b
[~3 a
LNR@]T@]H’J% Perls’ Prussian blue
INNTATIVFOUITLAUATUUULRRLNNT
faFu I uNuUS mdnuslovanaatials
= = (%] s 6 o % 6
WinufsuAuRRENIaI3 % $183U 10 WS
v iAA a = P
wuta linfidSinamqmangs fnmInzans
@ & 4 & @ a A
Al uRAI NN NILNIAAZITHANLAL LRI
A A o LA A
wazAarteveslszinalneg lapidaalsna
mwmmuuumqmﬁﬂgu daudad Perls
Prussian blue L"ﬁ'&lﬁqm (AzUU® 3) WU 57

128819 WUITUT111T 1WIN 49 @889 LAY

2

TN URRLITININ 8 @889 MALITILIINNIANN
quﬁﬁﬁ’ﬂﬁnwémaau lawn T1mitoaney
A a ' = a o A
dwa-1 Udgpzuininaniie ikead uasdve
Tussdan WaaT wgunuzunue uaz 189
iwavli'ﬁﬁmmﬂmuuumqmﬁnag}ﬁ‘s:d’u
AZLW 2 T91U7% 334 @089 1 15NTRNW
wumﬂumqmﬁﬂaglﬁ‘s:@”uml,mu1 F3man
224  @28819 LLamT'nVLs'ﬁﬁﬂmmmLwi,um@g
= LA [ A A e
AANBENITAUAZLUS 0 liGaddan  Perls’
Prussian  blue 331%72% 2 @28879 1WA
A o ' { =
CPAC060014 W&z 2R-12 T9.duala819nLny
i'ammmnquﬁﬁ'ﬂﬁﬂqml,w IRIAVAULAY

LLa:guﬁﬁﬁ'ﬂﬁwmzLﬁd PWAIAT IR aNdau

dyduaniinaaay

TunINaaoInssi gdLﬁu‘ﬁ'a:ﬁﬂm
qm@hm\al,ﬂiwgﬁfaﬁém”zymaaL%@W”%ﬁqﬂﬁyiﬂ
Tluwdszinalne ldun anuney quawnsdy
wazaMuRmILiuTaITquianlwaialanld
inaluladfisasiussudud 1w mIasagey
anunanlaglfin3osnansdiiue nyiaTes
Usunmutsezlulasagremaisalasldis ssQT

LLa:ﬂﬁﬂ”@msaaﬁnm@;mﬁngﬂm"iﬁ Perls’

Tawart fiug uazamie

Prussian blue 3NNANNINARDI LAWLLT1II AL
T URRLIRANTIUIN 78 A8E9 Aatd 12.6%
INNAIBLININNUA 618 @889 LaaTIFAY
ANBULNFYFTIWINGT AT INWIAN UazAIY
‘Iﬂu’lLLliWiJmﬁ’]@lmﬁﬂIuL&lﬁ@ WUt Isnaw
U190788IN AN Bl etV IAaNNER 105
. A R a A A
wu  Jof waz wrdthnund uazdiUTunmng
= ) U U A
Wangs 15w Jansrai 1dmew uaz WaR D9
v Iﬁld Qs 0 1 ldg/ L3 o
T lsndsn e ianinatardasinldnageu
a ' A o ' A % & A
naNAe Aaunazin lugaasuliineansluiun
gadan laslawnzadnabaiufidgnenswil
o - X -
Tuaniaiie NHITWINANTHBEIITIALTY
Wz HIU1aNI Uz Lo miia L@ N AN NN
ﬁuﬁﬂQﬂius:ﬂ:ﬁﬁumawwswﬁmmmLﬁﬂ AU
o 6 v LA o a ' 2
Lﬂumsamﬂmwﬂiﬂmaaaglum’;ﬂnmgjty
W”uﬁf LLazﬁﬁuﬁﬂgﬂa@maﬂwmﬂ Vita9an
insasnyiulddgnioiassgfiadug Ald
NAABUWNWNINNIN §Iua20819717 5o w
A A S Ao .
WUIULAY UP-369  NWEAID LW INUNGILRALS
Aromarker 48z 3In2AP 1% non-aroma N
nndunIdunhiinang Neuguanw e
ANNOY LAZINNINENTINNUT2 binaNLNe
o < A = ° @
WU TzrnTTN F,  d9aziinldldneseu
ANUFNNUTLAZAIINTZANUAIVDILATOINNIY
ﬁLﬁumﬁ'ué'msym:mww%auiuﬂ’wﬂs’mUw”uf

AINAN

naanssudszne
awuiﬁaﬁiﬁ%’unuq@%gua']ﬂ
ARIINIRUNZT WA IRRUARUIINN UL
Uju@nsdumuasliszlomiiudnn qudwug
Janssnuazinalulad i n I WuKITI G was

VRINLIRULNBATAN ﬁ@lﬁi{ AINYNDATIIUNI LR



Tawasl g uazamie

1@N&E192 1999

gU3an woaniu I5zys RAUITIAND UazENYYN
WANWITE. 2555. MIIaTIzRedAlsznaun
sz laluindadiwugsnnaanuzd 105
(KDML105)  @28tnaiha GCxGC-TOFMS.
My TINTTNIUAITE asafi 2 6
Tndaspt1a Inewionsumadasuslasves
amwgﬁmmmm:mﬂflwmma%'mLé?w.
Tufi 21-23 TuanAn 2555 139438 Swissotel
Le Concorde, NINWARIUAT, AU 543—
546.

Ahn SN, Bollisch CN and Tanksley SD (1992)
RFLP tagging of a gene for aroma in rice.
Theor Appl Genet 84: 825-828.

Amarawathi Y, Singh R, Singh AK, Singh VP,
Mohapatra T and Sharma TR (2008)
Mapping of quantitative trait loci for basmati
quality traits in rice (Oryza sativa L.). Mol
Breed 21: 49-65.

Bradbury LMT, Fitzgerald TL, Henry RJ, Jin QS
and Waters DLE (2005) The gene for
fragrance in rice. Plant Biotech J 3: 363—
370.

Buttery RG, Ling LC and Juliano BO (1982) 2-
Acetyl-1-pyrroline: an important aroma
component of cooked rice. Chem Ind (Lond)
12: 958-959.

Caetano A (1997) Resolving DNA amplification
products using polyacrylamide gel

electrophoresis and silver

Micheli RM and Bova R (eds) Finger

staining. In:

printing Methods Based on PCR. Springer-
Verlag, Heidelberg.

Thai J. Genet. 2013, 6(1) : 11-24 23

CIRAD (2009) DARwin5: Dissimilarity Analysis
Windows.

(15 March

and Representation for
http://darwin.cirad.fr/Home.php.
2012).

Garris AJ, Tai TH, Coburn J, Kresovich S and
McCouch S (2005) Genetic structure and
diversity of O. sativa. Genetics 169: 1631—
1638.

Glaszmann JC (1987) Isozymes and classi
fication of Asian rice varieties. Theor Appl
Genet 74: 21-30.

Grosch W and Schieberle P (1997) Flavor of
cereal products-a review. Cereal Chem 74:
91-97.

Juliano BO (2007) Rice Chemistry and Quality.
Philrice, Philippines.

Kovach MJ, Calingacion MN, Fitzgerald MA
and McCouch SR (2009) The origin and
evolution of fragrance in rice (Oryza sativa
L.). Proc Nat Acad Sci USA 106: 14444
14449.

Lanceras J, Huang ZL, Naivikul O, Vanavichit
A, Ruanjaichon V and Tragoonrung S
(2000) Mapping of genes for cooking and

Thai jasmine rice

(KDML105). DNA Res 7: 93-101.

eating qualities in

Lorieux M, Petrov M, Huang N, Guiderdoni E
and Ghesquiere A (1996) Aroma in rice:
genetic analysis of a quantitative trait. Theor
Appl Genet 93: 1145-1151.

Myint KM, Arikit S, Wanchana S, Yoshihashi T,
Choowongkomon K and Vanavichit A (2010)

A PCR-based marker for a locus conferring



24 Thai J. Genet. 2013, 6(1) : 11-24

the aroma in Myanmar rice (Oryza sativa
L.). Theor Appl Genet 125: 887-896.

Petrov M, Danzart M, Giampaoli P, Faure J and
Richard H (1996) Rice aroma analysis:
discrimination between a scented and a
non-scented rice. Sci Aliments 16: 347-360.

Plubpla A, Myint KM, Toojinda T, Chotchern S,
Woutthiyano C and Vanavichit A (2010) SNP
haplotype variation on Os2AP region and
aromatic rice fingerprint reveals genetic
diversity of Thai and Myanmar local rice.
Proceedings ofthe 1St National Rice Research
Conference: Moving Rice Research Towards
Innovation. 15-17 December2010, Kasetsart
University, Bangkok, Thailand.

C, Dell B, Thomson G and

(2003)

Prom-u-thai

Rerkasem B Easy and rapid
detection of iron in rice grain. Sci Asia 29:
203-207.

Shi W, Yang Y, Chen S and Xu M (2008)
Discovery of a new fragrance allele and the
development of functional markers for the
breeding of fragrant rice varieties. Mol
Breed 22: 185-192.

Vanavichit A, Yoshihashi T, Wanchana S,

Areekit S, Saengsraku D, Kamolsukyunyong

W, Lanceras J, Toojinda T and Tragoonrung

S (2004) Positional cloning of Os2AP, the

aromatic gene controlling the biosynthetic

switch of 2-acetyl-1-pyrroline and gamma

(GABA) in rice.

aminobutyric  acid

Proceedings of the 1% International

Conference on Rice for the Future. 31 Aug—

Tawart fiug uazamie

3 Sep 2004, Bangkok.
Vutiyano C (2009) Indentification of wild
species carrying aromatic allele in rice
(Oryza spp.). Ph.D. thesis, Kasetsart

University, Bangkok.

Wanchana S, Kamolsukyunyong W, Rueng
phayak S, Toojinda T, Tragoonrung S and
Vanavichit A (2005) A rapid construction of
a physical contig across a 4.5 cM region for
rice grain aroma facilitates marker
enrichment for positional cloning. Sci Asia
31: 299-306.

Wongpornchai S, Dumri K, Jongkaewwattana S
and Siri B (2004) Effects of drying methods
and storage time on the aroma and milling
quality of rice (Oryza sativa L.) cv. Khao
Dawk Mali 105. Food Chem 87: 407—414.

Yi M, Nwe KT, Vanavichit A, Chai-arree W and
Toojinda T (2009) Marker assisted back
cross breeding to improve cooking quality
traits in cultivar

Manawthukha. Field Crops Res 113: 178-

186.

Yoshihashi

Myanmar rice

T, Huong NTT and Inatomi H
(2002) Precursors of 2-acetyl-1-pyrroline, a
potent flavour compound of an aromatic rice
variety. J Agric Food Chem 50: 2001-2004.

Yoshihashi T, Nguyen TTH and Kabaki N
(2004) Area dependency of 2-acetyl-1-

pyrroline content in an aromatic rice variety,

Khao Dawk Mali 105. Jpn Agr Res Quart

38: 105-109.



