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Fragrance Gene and Molecular Basis of Fragrant Rice

a ¥ 12 a o £ o 12 2 9a 1 _a 2+
NN LIYUIDY ™ FAIAIEA YN g ﬁii!‘ﬂﬁ @‘ﬂ%ﬂ'\ a;i‘Wi Lﬂ@lﬂ'\&l

Kamonwan Riabroy1’2 Srisawat khanthong1’2 Theerayut Toojinda1 Sureeporn Kate-

*

2
ngam

1 ] A oa (2 o A o & o A Ad ' A
‘Vlu?ﬂﬂgﬂ@lﬂ']‘iﬂ%%’7LLH§:Z°ZJ’1/5$ZE/W%E/%°ZJ’)’J guﬂwugamnﬁmmuwﬂZuZaymﬂ7Wmem

UWIVINEISENBATANTAT INYNYATIIUNIUTY UATLFY 73140

‘madrn s ﬂm:tnwmmmfwﬁm;m"bgymwmﬁ QU&?’Wﬁ’)ﬁ 34190

'Rice Gene Discovery Unit, National Center for Genetic Engineering and Biotechnology (BIOTEC), at

Kasetsart University, Kamphaeng Saen, Nakhon Pathom 73140, Thailand

2Department of Agronomy, Faculty of Agriculture, Ubon Ratchathani University, Ubon Ratchathani,

34190, Thailand

*Corresponding author: skj2552@hotmail.com

UNAALa

auraNseItneduladudany

& o v v
wikiwaimaimuegunInLazIAveItne 910
vondatdudrgmnings lundusevves

v oal Qq// 1 & Q =

guﬂmmiuﬂi:mmm:maﬂs:mﬂ TINUIUY
TANNG2IMIANNIND Y INNANNANIRUIV S
MIFTUNUNABINTINLALNTAEIALLEY DY
117 v linsuinduanunenvedtia (badh2)
Fdrunssvnlaslulaoy 8 nmsvranisluves
S1OULURVDITUAINREN badh2 I1UIU 8 LUF
d' = o v s 6 6
UWLANTAWA 7 TR IRNNITFILATIZW LD U Lo a]
betaine aldehyde dehydrogenease Vl,liaugmi
lAdnsazauans 2-acetyl 1-pyrroline (2AP)
RINARTIITNAUR O mnaa@i‘mmj@”\mdfn

o ) o o & v _a
hangsuwanslumadiudysnusdnldiingu
nou'le uwmmﬁﬁaﬁ’i'@qﬂizmﬂ‘l,ﬁaaﬁﬂsw

NEINLEUANUNDY ANHULAUTIUN IO BNUD

6 L2 L €
AEAIVDITIIVION haE WwIN1INTLTU sz lowd
°1Jaaﬁumwwaﬂumsﬂ%’uﬂi;dw”uﬁ:’ﬂ”n

ABSTRACT

Fragrance in rice is considered one of
the most important grain quality traits, as it is a
key factor in determining market price. Aromatic
rice is classified as high quality rice and its
demand is not only increasing in the national
markets but is also widely recognized in all
over the world. With the availability of molecular
maps and genome sequences, a major gene
for fragrance (badh2) was identified on
chromosome 8. An 8-bp deletion in the exon 7
of this gene was reported to result in truncation
of betaine aldehyde dehydrogenease enzyme

whose loss-of-function lead to the accumulation
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of a major aromatic compound, 2-acetyl 1-
pyrroline (2AP) in fragrant rice. The knowledge
from these studies will be useful for breeding
aromatic rice. Therefore, the objective of this
review is to discuss about fragrance gene,
molecular basis of fragrance rice and the
utilization of fragrance gene in rice breeding

program.

Ad1AY: BuaureaN, badh2, B1IMAN 2-
acetyl-1-pyrroline (2AP), 11%au, MIUuL3s
Wit

Keywords: Fragrance gene, badh2, 2-acetyl-1-

pyrroline (2AP), aromatic rice, rice breeding
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D a.¢. 1982 lasfinannonasoluias wie
T2 lwana mmmwuvlﬁnnmumaaﬁwu”'n
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Figure 1 Structure of 2-acetyl-1-pyrroline

(Souce: modified from Bradbury et al., 2008).
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Table 1 Concentrations (ug kg'1, wet/wt) of major volatile compoundsa and odor description of cooked rice (modified from Widjaja et al., 1996).

Fragrant rice (Location) Non-fragrant rice
Peak
Compound Jasmine Odor description
number Pelde (Australia)
(Thai) Basmati (India/Pakistan)  Goolarah (Australia) YRF9 (Australia)
14 n-Hexanal 1818 829 1498 1396 2038 Green, grass-like
15 2-Hexanone 7 13 7 18 7 Fruity
16 Pyridine nd nd 11 9 28 Pungent
19 n-Pentanol 152 130 82 104 160 Fusel oil-like
23 2-Pentylfuran 98 65 118 121 274 Nutty, bean
26 n-Heptanal 78 111 94 102 132 Fruity, fatty
27 2-Heptanone 94 204 70 92 117 Fruity, floral
30 (E)-2-Hexenal 161 598 193 233 294 Green
32 n-Hexanol 78 41 23 60 48 Herbacceous
33 Methyl heptanoate nd nd 18 21 26 Green, fruity
36 2-Acetyl-1-pyrroline” ¢ ¢ 691 670 15 Sweet, pleasant
Collidine (TMP)"
37 n-Octanal ¢ ¢ 58 83 105 Slightly fruity
40 6-Methyl-5-hepten-2-one 28 10 32 34 58 Banana-like
41 (E)-2-Heptenal 99 58 108 97 208 Herbaceous
42 1-Octen-3-ol 87 46 57 75 111 Raw mushroom
43 n-Heptanol 32 54 17 30 32 Woody, sweet
47 n-Nonanal 158 125 210 244 429 Floral, fruity
48 2-Nonanone 6 11 4 nd 5 Fruity, herbaceous

53 Benzaldehyde 136 142 78 52 126 Nutty, bitter
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Table 1 Continued.
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Fragrant rice (Location) Non-fragrant rice
Peak
Compound Jasmine Odor description
number Pelde (Australia)
(Thai) Basmati (India/Pakistan)  Goolarah (Australia) YRF9 (Australia)
54 (E)-2-Octenal 113 55 91 98 192 Green, fatty
55 n-Octanol 49 41 33 52 56 Fruity, floral
58 (E)-2,(E)-4-Heptadienal ¢ ¢ 13 14 26 Hay-like
65 n-Decanal 26 16 24 36 45 Sweet, waxy, floral
69 (E)-2-Nonenal 40 24 36 41 67 Fatty, woody
71 n-Nonaol 19 ¢ 14 16 20 Floral, citrus
74 Acetophenone 33 200I 24 48 44 Sweet, floral
75 Phenylacetaldehyde 76 25 17 23 21 Sweet (dilute)
77 2-Undecanone 11 ¢ 8 9 14 Fruity, floral
82 (E)-2-Decenal 20 19 20 30 34 Waxy
85 (E)-2,(E)-4-Nonadienal 18 8 9 6 21 Waxy
89 2-Phenylethanol 195 703 318 217 353 Sweet, floral
96 (E)-2,(E)-4-Decadienal 50 16 77 97 150 Fatty, waxy
99 2-Tridecanone nd nd nd nd 2 Oily, nutty
118 Indole” 253 91 168 88 102 Floral
Note: ® Calculations have been divided by the compound’s relative recovery factor

° Tentatively identified

° Internal standard

‘ Coeluted peaks

nd = no data
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Aadasnunslianunesludia ansiusiné
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lainawwug Nipponbare wd3nuifisudiauil
2ndlalnduinmiu 0s2AP wud1 Wugaiaen
YR 105 tientsnensluvesiiaadlelng
duu 8 andla'lng (8 bp deletion) U3Latulan
Taw 7 ﬁwaﬁﬂﬁlﬁﬂquﬂmﬂmmﬁ'aﬁau
NN%UA (premature stop codon) (Wanchana et.
al., 2005) ®OAANINUINLINWVAY Bradbury et
al. (2005a) Awumswanielvasiaaalalng
Fun 8 Aadlalng USianaaw 7 veddn
badh2 rL‘u,ﬂ]”wTW‘"‘M,]? Kyeema WLAZWLNIIVIA
mﬂﬂﬁlwﬁnmumwaaunnm BT Tag
T linawlinumInaewuvasdudingnn
MIAWNUEWANURDY Os2AP ®30dh
badh2 uuiﬂﬂu‘[mugjﬁ' 8 f‘:ﬁﬂvlﬂgimiw”@um
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interference (RNAI) ﬁ’uﬂ%mnmmaan‘uaaﬁu
0s2AP wuhaansarlwdinmsdsuudas
Wudrnenld 3nnmsdunuainan sa. as.
aA T8 23IMITAT uazAmkz NI YJUans
duwnuazliszlosifudm gudwugiainisy
wazinaluladfrinwursnnd S9aadnsinsin
AMURANIIWIL 2 Al AszinaansgaLuin
Iagusaduassusnlulan leun 1) Transgenic
rice plants with reduced expression of Os2AP
and elevated levels of 2-acetyl-1-pyrroline
Fnivasiaui 7,319,181 ilaiudl 15 wn3aw
2551 (Vanavichit et al., 2008) Lwaz 2) BADH2



NURITIDH 1TBUTDE LAZATAS

nucleic acids associated with grain aroma e
fnBiiasiaafl 7,847,083 B2 1ilaiufl 7 sunaw
2553 (Vanavichit et al., 2010)

o v ~
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fuanunan badh wuludsidianais
a 1 v . tZ 6 6
3%a LT 317 (Oryza sativa) T1IUTLAE
(Hordeum vulgare) sgm‘s;ﬁﬂ (Beta vulgaris) N
(Pisum sativum) 91118a (Avena sativa) WA
waruenll (Zoysia tenuifolia) TN TNNRIN
ou'leoy betaine

aldehyde dehydrogenase

homologue  (BADH) lasfiuainaninade
AuRINITalwNANIN UG EA1TLASEARNN
édLLﬁﬂﬁaﬂuﬁ"ﬁ (abiotic stress tolerance) 8%
Lﬂuwmﬁaammnqmﬁgﬁ AMULAN LAZANW
WIS (Fitzgerald et al., 2009) ludniuwuan
8w badh F1wusadduns laun 8w badht
‘]J%Iﬂihli‘li&l@jﬁl 4 unzfu badh2 uulaslulaug
7 8 flavaouasninfidund1oni udaina
wanludaziiaanmsuaadaanvadiiu badh2
annindw badht (Amarawathi et al., 2008)
fuLein Badh2 U%IﬂiI&JI‘ﬁlJ@;ﬁ 8
anugmvasdauiiinilalnduszunm 5,800 ¢
W Ysznaudiuansaniiuin 15 LanTan Las
BUNTOUTIWIW 14 Buntoun LuiNInaL
auyiﬂa:a%”woﬂi@a:ﬁiuﬁiﬁuau 503 THha
(Bradbury et al., 2005a; Chen et al., 2008; Shi
ot al, 2008) @3fu Badh2 # vinwinluns

gatasnzitanlod BADH LN atUfauas V-

(GABald) +du&13 Y-

aminobutyric acid (GABA) #inavinl#a 2 lud

aminobutyraldehyde

a v A A a o & A o
nawney udldladwfansnasnutiduiudas
(badh2) danavin b blananTnFstaTzALaw s
BADH 1Na1Uauua1s GABald 1ua1s GABA o

Thai J. Genet. 2013, 6(2) : 93-114 99

uatara9Es 2 AP duunu vilwdrndnan
wow

fiwldw Badh1 (Betaine  aldehyde
dehydrogenase homologue 1) UuIﬂiI&lI‘Ii&l@jﬁ
AUiw Badh2 U

1996;

4 Juwdw homologue
Taslulongil 8 (Lorieux et al,

Amarawathi et al., 2008) fi% Badh1 8128813619

@t ua1y y-aminobutyraldehyde  (GABald)
\ LAy Badh2 \Hafin Badh1 vnswdndiay
RINA PANIRZFNVRIANT 2AP aaad (Bradbury
et al., 2008) Wn 8% Badh1 gtytﬁwﬁwﬁ%%aﬁ
MILEAIBONVDIAUAART NAZTILIANNITRE T
813 2AP lmi”nmuslﬁgdifu (Amarawathi et al.,

2008)

n1sddATIEHAITHAN 2-acetyl-1-pyrroline
IMNNTABNUIUAINNRON  Os2AP 3ol
badh2 ﬁmuqumsai’nmwam:mﬂ 2AP 1u
T ﬂ%@u”uﬂ’a"laimmm:mum‘sﬁ’aLm']:‘vf
WITA NILLELAIINTnTaezdlu proline 1u
A5l UNTTUINNNTFILATIZWET 2AP
(Yoshihashi 2002) Vanavichit et al.

(2005) l@@nEINTzUINATRIIENT 2AP Tudn

et al,

WwoNwUin B Os2AP LAwaTasnun1sas
Iﬂsﬁumqummmwluﬁn LLﬂ:ﬂ']iETGLﬂT]Z‘ﬁr
817 2AP Lﬁ@ifuelu’svgﬁlvﬂi polyamine (polyamine
pathway) (Figure 2) 1auNITUIRNITAINRTD
1% ornitine

VREUFITAIGY proline I

putrescine ANAIAL IMNUUIZIURuULTUaN3 Y-
(GABald)

. 4
aminobutanal) }uUiua15 GABA lasianlss]

aminobutyraldehyde (m%a ]9 4-
betaine aldehyde dehydrogenase (BADH2) %38
amino aldehyde dehydrogenase (AMADH) “fid

Qﬂé’ﬂmwzﬂm fw Badh2 wW3afiu Os2AP
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Figure 2 The pathway drawing of the 2AP synthesis. The detailed pathway from P5C to 4-

aminobutanal was not reported yet. Aromatic varieties lack AMADH enzyme activity, which convert

4-aminobutanal to GABA, therefore yield 2AP (Source: Vanavichit and Yoshihashi, 2010).

aainsslufimsatoms 2AP 4u Senszuaunis
asnaazwuludndldfndunen waludrinew
WUMIVIAW8UaIE1 Badh2 1121 8 fiaadle
nd (8 bp deletion) dnaliiiu Badh2 1inn1s
narswuinatoiduiudes padh2  vinlwla
gunnvninfilaon GABald 1w GABA e
FlRoinsszan GABald anufinly Geena
Aeldifinsuasnodotitatfiofis aota A3
Wasuwans GABald 1w #135 A'= pyrroline unw
Famseananiduasasdulumssoiaszians
2AP lumyﬁd‘mau (Bradbury et al., 2005a, 2008;
2008;

Wanchana et al., 2005; Chen et al.,

Vanavichit and Yoshihashi, 2010)

JosufidonadalSu1ma15nan 2-acetyl-1-
pyrroline
ludrinenudaziuiazianunaw
LANEIN LLa:wudw‘"'rmaww”mfl,ﬁmﬁ'uﬁﬂﬁﬂ
Tuiufid1onuazininunannandlsnn
fBENILTY T1ReNNZRVIUTTINA N ﬂ‘ﬁ'ﬂgﬂiu
uihurinansasiivesnaazinesnifenila
%:wﬁmyfnﬁﬁmwmugamﬂ (strong aroma)
LﬁaamﬂLﬂuﬁuﬁﬁﬁmmq@mugscﬁmadﬁm‘h
Wudunae wazdnuszaudyninnuuiug
lasawzlugraniagnun Faaspaanannana
Frazidusagaasuni i alsumasnon

2AP @UEIWENN ¢ VDIAWLN (Yoshihashi et
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al, 2004) FovrazidunaunanmItinysuo
484 proline lag proline fiatduunaslulasian
209815 2 AP Wasvmindilduansa s uuasns
gvasnenludn wwdsaAuTtIveNuNENa
Gﬁuﬁiwmudﬂmﬂﬂ@ﬂluﬁuﬁ Punjab wa3
Uszinathfsanuwuazdutds azduszansainlu
mﬂ'ﬁ’mmv\augamﬂﬂiﬂﬂanluﬁruﬁﬁu6]
(Singh, 2000; Itani et al., 2004) NasenaLduna
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Table 2 Allelic diversity of the mutation Badh2 gene in rice.

Allele Mutation Location Variety/Group Reference

badh2.1 8 bp deletion exon 7 Kyeema, KDML105 Bradbury et al., 2005a;
Suyunuo Wanchana et al., 2005;

Shi et al., 2008

badh2.2 3 bp SNPs exon 7 Kyeema, KDML105 Bradbury et al., 2005a;

Suyunuo Wanchana et al., 2005;
Shi et al., 2008

badh2.3 TT deletion intron 2 Wuxiangjing9 Chen et al., 2008

badh2.4 (AT)n repeat intron 4 Suyunuo

badh2.5 2 bp SNPs intron 8 Chuanxiang-29B Sun et al., 2008

badh2.6 MITE deletion promoter Azucena Bourgis et al., 2008

badh2.9 7 bp deletion exon 2 Wuxiangjing9 Shi et al., 2008

badh2.8 7 bp insertion exon 8 Pusa 1121 Amarawathi et al., 2008

badh2.10 5+3 bp deletion exon 7 Pusa 1121

badh2.11 7 bp deletion exon 2 Tropical japonica Kovach et al., 2009

badh2.12 2 bp deletion exon 1 Tropical japonica

badh2.13 1 bp insertion exon 10 Tropical japonica

badh2.14 1 bp deletion exon 10 Indica

badh2.15 G to T substitution exon 10 Aus

badh2.16 1 bp insertion exon 14 Aus

badh2.17 3 bp insertion exon 13 Group V

badh2.18 G to T substitution exon 14 Tropical japonica

badh2.19 C to T substitution exon 13 Tropical japonica

badh2.20 803 bp deletion exons 4 -5 Zaimiaoxiangnuo Shao et al., 2011

Badh2.21 3 bp insertion Exon 13 Pathein Nyunt Myint et al., 2012
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(premature stop codon) &IHaYIN WA NRAB

3 v é‘ .
NIRRT IAANNRBNDY (Figure 3)

e D

D Exon

/N Intron

Figure 3 The gene structures of GmAMADH1 and GmAMADH?2 and the sequence variation, a TT

deletion in exon 10 of GmMAMADH?2 is a case of fragrance in soybean (Source: Arikit et al., 2011).
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Table 3 Classification of aromatic rice cultivars

based on isozyme (modified from Khush, 2000)

Group Cultivar Name Country of origin

| Khao Dawk Mali 17 Thailand
Hhao Mali Thailand
Som Hong Thailand
Nahng Nuan Thailand
Tam Xuan Vietham
Somali Combodia
Zhao Xing Chaina

\% Basmati 370 Myanmar
Basmati 5853 Myanmar
Kamod India
Pawsan Hmwe Myanmar
Kala Nimak Bangladesh
Dom Siah Iran
Barah Afghanitan
Anbarboo Irag
Xiang Keng 3 China
Xiang Nuo 4 China
Ram Tulsi India
Bindli India

\Y| Rojolele Indonesia
Xiang Keng3 China
Milagrosa Philippines
Azucena Philippines

1 a &/ a v a
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Non-Fragrant Rice

Fragrant Rice
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AGGTTGCATTTACTGGGAGTTATGAAACTGGTAAAAAGATTATGGCTTCAGCTCCTATGGTTAAG
AGGTTGCATTTACTGGGAGTTATGAAACTGGTATATA--~-=-~-=~
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Figure 4 Haplotype analysis of the Badh2 gene region. Sequence reads across the Badh2 gene

were aligned for 242 O. sativa accessions and all

polymorphisms (frequency > 5%) were

concatenated and used to create eight gene haplotypes. Haplotypes are numbered 1 through 8

followed by the corresponding fragrance phenotype, and the number of accessions from each

subpopulation possessing that haplotype. Two gene haplotype clusters were identified: the

Japonica Gene Haplotype Cluster (Jap_GH) and Indica Gene Haplotype Cluster (Ind_GH) (Source:

modified from Kovach et al., 2009).

%

Wi

9

& 2 a
s1vanlaglfinaiia

9

n13Ususl3onn
AINTIN
o Aa P~ 0o &

HaINNINITIaandnaNNraNEII
o Yo Ae 82 o o a a & a
A ldindsansudidnauiiadlelnadvesdn
ANNRON BRENINUDINTZUIRAIILFAIDBNVDI
a A a o & ~
Hu SIvnTMIgugIMILaaIaanvedin Badh2
il inaunen asnurIndaImIUas
g7 linenlmidudinenasdesduds wiana
N3YN9uYe9dw Badh2 tulwaunsarinaule
waluladnlglunsnanisvinuvesdnasng

@ . . ~

16 @2 RNA interference (RNAI) GRISILN
NIZLIUMIAILANNITURAIBDNYBIAN BN
@ . A A A Ada & oA
wWugnIsnadnis Anuludelfianifs uaz
807 1udu lagadun1Ivinuuesansiante
v 1 é
\dUg] (double strand RNA: dsRNA) F9aziina |y
HUEIN1I7IN9% VS messenger RNA (mRNA)
Ypsduulayaye

walulad RNAI 1Tuna bnlunsvinane

mRNA 11hwane laonslaguainuesdw Badh2

fnansiaduaniiduiaidug (dsRNA) Ul
wadlasnisdisiu A ldifedudiuneglu

o > a

ANBIUSNRUN

(2 '

a 1 =
DURIUN

AN19NWNU MRNA 2898% Badh2
ldn‘hvlﬂﬁyLﬁaLwyﬂvlﬂlumaﬁazgﬂsiaﬁ
Wuanfiduieduiing usro5iuetuing
m&hﬁa:ﬁdmﬁmmmL°1T'1@J'ﬁ'u mRNA 1838%
Badh2 lavinls mRNA wasfiu Badh2 gnyinane
w9t 39lisunsnatrstonloy BADH e
Wasua1s GABald 1Jus1y GABA ¢ udas
wWaguiduarsnen 2AP  unw ldtadnan
noulnNaunudinen  (Niu 2008;

Vanavichit et al., 2008)

et al.,

ﬂ%ﬁgﬂ'umsﬁw RNAI tiatdasutnala
nonlimidud e dszauanudnSauallu
s2auReIlfiAns lagfiuunissannniig
Udansduwnuazldilszlomiiudn audnug
JarnssuuazinaluladFin twuris @
(Vanavichit et al., 2008) a&9'lsAay 35015

s ' a v s a A o v
AINKII Lﬂm%‘msmomuwuqa AINIIN DI 71'11'1)1



106 ThaiJ. Genet. 2013, 6(2) : 93-114
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Table 4 List of DNA markers developed from Badh2 gene
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Name

Location

Primers (5' to 3')

Expected fragment size in

fragrant/non-fragrant rice (bp)

Reference

badh2-E2

FMbadh2-E4-5

badh2-E7

BADEX7-1

BADEX7-2

BADEX7-3

BADEX7-4

BADEX7-5

7 bp deletion in exon 2

803 bp deletion between exons 4 and 5

8 bp deletion in exon 7

8 bp deletion in exon 7

8 bp deletion in exon 7

8 bp deletion in exon 7

8 bp deletion in exon 7

8 bp deletion in exon 7

F-CCTCTGCTTCTGCCTCTGAT
R-GATTGCGCGGAGGTACTTG

F-TGCTGGATGCTTTGAGTA

R-GTTTAGCACACCTGAAGGAAGACCA

F- GGTTGCATTTACTGGGAGTT
R-CAGTGAAACAGGCTGTCAAG

F-TTGTTTGGAGCTTGCTGATG
R-TTTTTCCACCAAGTTCCAGTG

F-TGCTCCTTTGTCATCACACC
R-TTCCACCAAGTTCCAGTGAA

F-AGGACTTGTTTGGAGCTTGC
R-AACCATAGGAGCAGCTGAAG

F-TGCTCCTTTGTCATCACACC

R-TGGAAACAAACCTTAACCATAGG

F-TGTTTTCTGTTAGGTTGCATT
R-ATCCACAGAAATTTGGAAAC

200/207

321/1123

260/268

481/489

391/399

265/273

187/195

95/103

Shi et al., 2008

Shao et al., 2011

Shi et al., 2008

Sakthivel et al., 2009

Sakthivel et al., 2009

Sakthivel et al., 2009

Sakthivel et al., 2009

Sakthivel et al., 2009




108 ThaiJ. Genet. 2013, 6(2) : 93-114

Table 4 Continued.

NUAITIH LTBUTDE LAZATAE

Expected fragment size in

Name Location Primers (5’ to 3') Reference
fragrant/non-fragrant rice (bp)
F-GGTTGCATTTACTGGGAGTTATG
BADEX7-6 8 bp deletion in exon 7 56/64 Sakthivel et al., 2009
R-AACCATAGGAGCAGCTGAAG
F-TGCTCCTTTGTCATCACACC
Aromarker 8 bp deletion in exon 7 392/400 Riabroy, 2012
R-TTTCCACCAAGTTCCAGTGA
F-GGTTGCATTTACTGGGAGTTATG
nksbad2 8 bp deletion in exon 7 82/90 Amarawathi et al., 2008
R-TCCACAGAAATTTGGAAACAAAC
External sense primer (ESP)
TTGTTTGGAGCTTGCTGATG
Internal fragrant antisense primer (IFAP)
Allele specific CATAGGAGCAGCTGAAATATATACC 580, 257/
o 8 bp deletion in exon 7 Bradbury et al., 2005b
amplification (ASA) Internal non-fragrant sense primer (INSP)
CTGGTAAAAAGATTATGGCTTCA 580, 355

External antisense primer (EAP)
AGTGCTTTACAAAGTCCCGC




NURITIDH 1TBUTDE LAZATHS

Table 5 Example of marker- assisted selection for aroma in rice breeding program.
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Referance Crossing Donor of fragrance Marker Type of marker
Suriya-arunroj, 2005 KDML105 x FL530 KDML105 10LO3_FW SSR
KDML105 x FL496
Toojinda et al., 2005 KDML105 X FR13A KDML105 Aromarker INDEL
KDML105 X IR1188
KDML105 X Abhaya
KDML105 X IR68835
Siangliw et al., 2007 KDML105 X IR68586-F2-CA-31 KDML105 BADH INDEL
KDML105 X IR68586-F2-CA-54
KDML105 X IR68586-F2-CA-143
Theeraamphon, 2008 RD6 X P 0489 RD6 BADH INDEL
Jairin et al., 2009 KDML105 X Rathu Heenati KDML105 BO3_127.8 SSR
Yi et al., 2009 Manawthukha X Basmati370 Basmati370 Aromarker INDEL
Jin et al., 2010 11-32B X Yixiang B Yixiang badh2-E7, badh2-E2 Functional markers
Wongsaprom, 2010 RD6 X Jao Hom Nin RD6 BADH INDEL
Rajpurohit et al., 2011 Type 3 Basmati X PR106-P2 Type 3 Basmati RM42 SSR
Jantaboon et al., 2011 KDML105 X IR57514 KDML105 Aromarker INDEL
Kate-ngam et al., 2011 IR57514 X KD571-77 KD571-77 Aromarker INDEL
Kiani, 2011 Neda X Sang tarom Sang tarom ASA Functional markers
Salgotra et al., 2011 IRS544-1-2 X IRBB55 IRS 544-1-2 RM515 SSR
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