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Abstract

The Asian cultivated rice, Oryza sativa L.. (spp. indica or japonica),
is assumed to have originated from one or both of the two wild Asian
spedies, O. rufipogon Griff. and O. nivara Sharma and Shastry. They occur
throughout the monsoon Asia and west Oceania. Fragrance is the most
important trait among the domesticated characters of basmati and
jasmine rice of Asia. The gene for fragrance in a scented rice shows the
presence of a mutated portion (i.e., an eight base pair deletion in exon 7)
that result in its loss of its function of fragrance. In the present study, 229
wild rice O. rufipogon accessions were genotyped for this locus using a
PCR assay. The wild rice species contained the mutated allele of the fgr
gene at a low freguencies of 0.23. The surveyed populations were in
Hardy—-Weinberg equilibrium. This observation supports the hypothesis
that the allele for fragrance was already present in the wild rice, and that
this trait appeared in scented rice cultivars because of selection by the
farmers of genotypes possessing this character during the process of
domestication.
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Executive Summary

The fragrance (fgr) gene of Asian rice (O. sativa L.) is of interest in rice
domestication. This gene is responsible for the production of the aromatic compound
2-acetyl-1-pyrroline (2AP) in rice. In the present study, the fragrance gene in wild
rice (O. rufipogon Griff.) populations were examined for investigating of molecular
evidence to support the hypothesis that the fragrance gene was already present in
wild, and that this trait appeared in aromatic rice cultivars because of selection by the
farmers. This finding is very important to science, therefore the outcome from this
research work is a published research article in international journal, resulting from
supporting of BRT funding agency. This means that basic knowledge in terms of
genetic background in wild rice has been emerged issue for all scientists.
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tlgnades (Oryza sativa L.) i8lusuwy AA fiussmygeRsimthriie
Oryza rufipogon #idlunuwumdmisusuimign mmlgniminedudisangusly
aanldhimthituagainiani wuanh fthmanfuifiemmamnwaenreiugnsss
wn dahunlgnuasiimsdaidandnuuzd qauisnngams daliideenu
wanvasmasneRudin mahimeiugiibitesnh 200,000 mewugnlan
(Khush, 1997) sawasmemsinuassasimiiadnq ldus Whinaesilos (3m
wiien ) Smndas (pericarp color) msinmawnda (seed shattering)
enuvanluwda (grain aroma)  Hluwdssnsinhaudnhszwuduiidmue
dnwazmailaglufuwe

anuvamsasingnimualesiiu Betaine aldehyde dehydrogenase
(BADH) hilagaasgiuvuuazianuadnadsiuin s BADHI1  uaz
BADH2 #uBADHI1 iiswmisaguulaslulunurieit 4 dusu BADH2 i
dumisuilaslulouunied 8 §u BADH2 iiemsnmeszihifuiidmusmsasnms
wausumeoniia 2AP (2-acetyl-1-pyrroline) fiwulufnveunzdneslnsuazsn
vmnavasduids (Bradbury et al. 2005) dlanSsudisuhdumasduiisswin
imwax (fragrant rice) nudnliven (non-fragrant rice) wuhiianu
unndnfumaTIMsAmETasinedla Indiituuumsmemeniaiaiugasiidy
wa (insertion/deletion mutation) w3a siivd (SNP, Single nucleotide
polymorphism) luwugimithivesiiu BADH2 ssimbillaithuinddsain
wulsf BADH2 hwmiils lunaziwugivemeulmisiailgnasiunnduii
msnantlssmsmemslisasiduusinu 8 wa wulmlsiisilbimnsormould
Wiimsazaumman 2AP uszsnnsensinssumibBinammansiailasidmsms
wille

meilinddnsandeviiuiiuamanumanuarbivesluim SlFtugumsunaila

PCR asnassumsmamalisastiiedlaindinnu 8 ihedlalnduas exon 7 vasiiu
BADH2 lutnilainmmau 2AP (Bradbury et al., 2005; Shi et al.,
2008)



Fravnenuzd 105 FrmaumeRuiun (aromatic isogenic line) F17ki
nauﬁﬁﬁ'ugnswuﬁ’ (non-aromatic isogenic line) ua:‘:':’n:ﬁx!uﬁ‘lﬁmuﬁuf
Nipponbare Hfiu Os2AP wwmifgINufa 5.8 kb ﬁuﬁ:‘iﬁﬂmﬁmguu
Tm‘[u'[mugiﬁ 8 dwulusuyisnantu 15 exon AuTIL 14 intron
(hitp://www freepatentsonline.conV) Wansuifisuiduiusyaiuiisznirein

13 » J s food
nayuazliney wuauuandnTasuludTULETEI exon 7 fe utIneus:
fwaswm 8 e (GATTAGGC) memsly ti':u'luﬁ’uﬁ'\'zﬁ'hinam:wuma
& -~ - - S - o ' R .
el SrvbwrvasfidusyInmMkiam Moo insertion/deletion
a " ¢
mutation Wafitwgnisalnranauluin 0s2AP 31904 exon 7 wamamsliun
-l - -~ - -“ » » v s a s
uansuInfe MmIinaaThavastiuild mRNA Limansmhruld nénfe deau
-~ & - I »
lwEUKENy mRNA sstfinmiagaifiniumsluss (premature stop codon) thid
o ol ¥ -l - T . -
mwdamadulisfundwenledun dulihunandn@fafivwiesunining
i -~ W™ J
uazdaINatiiamMIssnasI L (nonsense-mediated mRNA decay, NMD) sain
-~ J e b
Unngnmsoisssumaluszuumsuansesnyssdwmnelasnunisudasimiln
-l -~ - . . - .
Tisfuninun® ansdanaiinde®iiTiale (Hentze and Kulozik, 1999) uasHa
o« 8 8 -~ & & J & s
yinmsfnsiugmasinuuusaiuueszdulnana ddeduwunmiveui
mItisnnmsuuumarame ussdwuiuasinau 8 walu exon 7 unaln
J -~ v J > s :
maluanafinauqunsazaums 2AP ludvriiadn gimunsosivmssiei
Y L4 v
MINa 2AP  IudanauunasiagaumImen 2AP #anIninie 2 uuy fie
MINUNGEY (sensory test) (Sood and Siddi, 1978) ussiamziuSunniuas
> -~ ot -_ - » » -~
AUMNTITINILITNINMAAT (chemical test) lduri inafin
chromatography (Petrov et al., 1995), gas chromatography/mass spectrometry
(GCMS) (Mahatheeranont et al., 1995)

$nh 2 wiim A Oryza nivara usz O. rufipogon (nowi 1.1) 3ade
suihiusyqpreasdalgnieds (0. sativa L) mskumuuszannsousntui
fmusavanIndRuflgn ﬁ'utﬂuumn’né’m’tyﬁﬁ:ﬁ'ﬂu?ﬂuémsfénﬁuﬂﬂng‘;u
aneuiiluusrmyprinolgn iquﬁngquwﬂqiuLar;mz'litﬂum‘?'mﬁﬂ’v‘m"\ﬁtu'lum?ﬂﬁmﬂ
ﬁaqm’ntﬁmma’h'Juﬂuﬁ‘lﬁé’nam:ﬁtﬂuummm‘ﬁmﬂﬁﬁﬁmmmm’mm::ﬂgni'm (rice
domestication) Intamzmanlgnirnthitiiiuaruauauven sunsendhdolgnid
AIMRNININEMATEAU] lutlaqiu ‘

anmsssdedanaiim WiiuuanmAsfiarAnmsouninessiufiiuuanisain

fmau (0s2AP) ludmlaiina O. rufipogon i‘eﬁmsm:mnﬁuﬁ'luﬂnmﬁ'lnﬂua:ﬂmm



FaAssAsauasinyinnlnngaeduivuanisainarmenlulszandhnh
atalaing Sanafimadhadldfiniu asilinmudianunmaestiuaramediduieds
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shueesuayuittuaeRA RN RNRA RN sgndtomeanitel

aeials?

amit 1.1 §nihwiia O. rufipogon fiewmawil (perennial type) (uu) uazdihsiia O.
nivara fieils: (annual type) @w) iimnmsndudmlgniede (0. sativa)
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“ oA > z aenn - ok

1.4 myanaadweannludranuusleis cTaB muisn1swa9 Doyle and Doyle (1987)

- ) » & »

12 MsAnEAL BRI ENUIAINAUANANTENINOATR BADH2 URZ badh2 19lS
INAA PCR WA polyacrylamide gel electrophoresis '1._v_muas‘v"i'li'luns:mun'nﬂﬁn‘%'\gnwua:
& . - - e . o« &

Tuneui 9l lumAnmeRiinesdoeluumaadsposumonuaiui
- - oo o~ .
13 My TeiaNutYeIdu saoHz Intrzmnsihii@mmsusniuaiedne ussnasay
’ - K - ¢ ae - , & >
msnszapvesiusglunizaugamungeia-laliiin wialinu ssl¥mmessy
maatiauuy la-aunas (Allendorf and Luikart, 2006)
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wan1sdnsuazdIansal 0

3.4 awiin BADH2 Wwilsezinsghath 0. rufipogon
anuansBinsiiiuindeestiv BADH2 tudivalvdnuau 229 fu wudrdnaiaiulng 3 uuw As NN (homozygous non-fragrant) ND (heterozygote) ua

DD (homozygous fragrant) (N waneifis slidannznane 8-bp deletion Aaumawilelu exon7: D wanefe iansnans 8-bp deletion AssAmminiy) Sruasidumuansiu
-
AP 1

1 9 U ..\ 1] L “ -4
_ prd 1 dumisveaizsnadnihiifudein smmdoteil$insed swaudTyindss 3 tuuvedu BADH2

Sites Location Latitude | Longitude | Number Genotype
| (District, Province, Country) ) (W) of plant

examined |NN ND DD
Ban Klang Noi Muang, Nakhon Phanom, 1708.66 | 10446.50 |5 1 4 0
swamp Thailand
Nong Han swamp Muang,Sakon Nakhon, Thailand 17 07.21 | 104 12.56 | 49 4 |5 0
Nong Yart swamp Muang, Nakhon Phanom, Thailand | 17 22.65 | 104 44.25 | 15 11 {4 0
Thung Hong swamp | Wat Boat, Phisanulok, Thailand 1700.16 | 1002132 |3 2 1 0
Nong Vai swamp Nasaithong, Vientiane, Laos 18 05.18 | 10231.79 |54 25 |17 |12
Ban Soa swamp gﬂgm. Gwmgmﬂm.mw Thailand 19 30.02 | 099 48.84 16 1 15 0




Ban Non Bor swamp | Phayakhaphumpisai, Maha 1526.68 | 10324.16 |11 1m {0 .40
Sarakham, Thailand

Road side ditches Kasetwisai, Roi Et, Thailand 1538.56 [ 10341.33 |13 13 10 0

Road side ditches The Vientiane Plain, Vientiane, 17 52.21 |10239.37 |21 12 |6 3
Laos 18 19.74 | 102 40.92

Forested swamp The Vientiane Plain, Vientiane, 1810.25 |10237.89 |36 20 |15 |1
Laos J

Siem Riap swamp Siem Reap, Cambodia 1341.07 {10381.28 |6 1 4 1

- o

m3efl 2 aamidvesdadavesdu BADH2 lutlszsnidvtheinne a1 uasfume manamey Goodness-of-fit nuihifiioddgmuadfuansiimansaeveddy
BADH2 eflunnnienunanung Hardy-Weinberg

Genotype frequencies Total

NN ND DD

141 71 17 229

Allele frequencies

N allele = 0.77 D allele = 0.23
Goodness—of-fit y* = 3.4, d.f. =1 (P> 0.05)




31 bp

it 3.1 mwdhosafiuaas 3 Blwlnd (NN, ND usz DD) vesiu BADH2 usnath

3.2 FHawimvesin BADH2 Tudmthazdlgn

- e [ 3 A = o = A
miAnsnbziamaaimalgnimmorsiialinafinmlaslinangumelunm
ARuaznangIMMIRREmand 15w Flne Fumd uzndena uszdihn (Zeder

P - < ' o v
et al., 2006) wietrugnimulmsmnedu Limunsofiesszyldinis
susldd 1o (Subspecies indlica vie japonica) laslsanwuzma

o - H v ¥
sugwinen (Vitte et al., 2004) swmudrendnlesziamansnmalgn
> vaa X v Y - & v ¥ a b
inliai Suiludeslddeysnnmiiemsiitue venlzmnsinaudan
o -l [ -
Thuszinlgn (Doebley et al.,, 2006) wusnenwuMRINNNT
o & o

NeuRamMIfinmseussetluutim 2 dusllid  mldlinsAnmnis

. - o o ado o o v e >
fumbiasiunimuasnsaznImansaTinngg  Tegiunuhiimasuny

uszTsnudmumbazieuarasiuim laud Waxy gene (muwans
afvuilieiilan) Rc gene dmuamssivassussluiteds
pericarp)(Sweeney et al., 2006) SHA1 (Fwuamsissinaves
win) (Konishi et al., 2006) us: BADH2 gene (mmuansass



mwan 2AP)(Bradbury et al., 2005) #u SHA1 fiwulusrnlan

& > J E > -,

iu anaavay Sylinulutriah wssinmidnealuiuw BADH2 wuln
-~ -l - A - . o o da v - <
m'aﬂ'mtﬂum'mq'gmaﬂgn -mmwhwmmﬂununuagum‘lumvﬂﬂua:ugw
k 3/ J J. ™

Tahithifermsmnwnsresiuiimuamsadsmmen 2AP anlanuas
“ - o e - o [ ol ™ -
sadenthifisessusasmamensgluitlgniianumaululinii uwafe
Pl o Aottt & “« - dotw & - - e

mhfmhifiusasundgnaunmaiwnlgnidifuasduniabuinmmnanll

o X 4
nndinaadvianalas Sweeney and MCCQUCh (2007) &
> - oy [y » P JTv . [ 1
sunuiuiiwuensshimmeanluinhsudunenldninmafinnani v
Toysmivauuiiittug  invhdafsfidimuemaiiunnesasrsluuzdoms

vietwntmusmuitn apical dominance lusnlwa sadsfinsnfiing
lwAnhiduurmymesinignninit  (Nesbitt and  Tanksley,
2002)

nunRsmaismsuassulsdianvesith  Mindastntimhiidssuaniiy
watanlflunmsdnmnediinuidasmusidaei lisFuammen (N allele) whiv 0.77 %
innnndnsuvesdaiasiemmen (D allele) fiswiny 0.23  uszuonldiduduiniduuy
heterozygous fi#nsusans: 31 ussilulnduuy homozygous Fadmasnsniiaginnmsz
augaeungae-1liidn idedumurinniidnilin flwinduvy DD hinulusthentede
Advenusznaing Homimluléh sedeitislulnd DD f‘t‘hi'lé’tﬁui"m:hduna:ui‘zati'nnfo
i visomidwnwnztahiiiigluind DD snggiufliuds  SaRadeovasbuimuamaafioms
noude badh2 Awulusthuasimigmin yhindnsnguiuaaslfiiuidihiisasadenilog
Lﬁmiauﬁuquﬁa:ﬂ'\%'sﬂ'\mﬂgnuazﬁmﬁamu‘lﬁ%’:ﬂgﬂﬁ'ﬁé’a‘ﬁavTauv‘fansiwvh'lﬁ'la”i'ﬁ'mau'lu
ey wingwidudwirdssasenvasin BADH2 feglwiszynsiaheguiy e wuiidl
o"aﬁaﬁau'luﬂwmnﬁ'n'aﬂ'lﬁ‘aiﬁi’nﬂgnag"lna"ﬁ'uﬂ’n'lﬁﬂs:mnﬁ'nﬂﬂum’am{unnﬂn'ﬁ’wﬂgnadﬁo
\iama (3e isolated population) szvnsinihiwulunusaiisrsumaluhideiivesmhl.
am  smlermninthinginuematvesdadadesiudnsmiiann wu Iwdsmnsihen
T hwnd) ussrseamne @, am) ensdimmaanannmstomiunnirneuiug
n 6 waz/vis yeenuzd 105 Wnlrnadnithindniuld dndnsnumsimniuszwine
ﬁaﬂgnﬁuﬁnﬂ’nu‘lﬁgnmmﬁa{u (Song et al., 2003; Chen et al., 2004) HEOWET
Hednanandsedl Asunamdsed iWumtfuilunImHrmmmnma (meswansasanmns
tsim{)
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Abstract The Asian cultivated rice, Oryza sativa L. (spp. indica or japonica), is assumed to
have originated from one or both of the two wild Asian species, O. rufipogon Griff. and O.
nivara Sharma and Shastry. They occur throughout the monsoon Asia and west Oceania.
Fragrance is the most important trait among the domesticated characters of basmati and
Jasmine rice of Asia. The gene for fragrance in a scented rice shows the presence of a
mutated portion (i.e., an eight base pair deletion in exon 7) that result in its loss of fragrance.
In the present study, 229 wild rice O. rufipogon accessions were genotyped for this locus
using a PCR assay. The wild rice species contained the mutated allele of the fgr gene at a low
frequencies of 0.23. The surveyed populations were in Hardy-Weinberg equilibrium. This
observation supports the hypothesis that the allele for fragrance was already present in the
wild rice, and that this trait appeared in scented rice cultivars because of selection by the
farmers of genotypes possessing this character during the process of domestication.

Keywords Aromatic rice - Fragrance gene - Oryza rufipogon - Rice domestication - Wild
rice

Introduction

The perennial Oryza rufipogon Griff. is distributed throughout tropical Asia and Oceania, and
the annual O. nivara Sharma and Shastry is restricted to tropical continental Asia (Vaughan
1989). These two wild rice species have played important roles as valuable genetic resources
in yield rice breeding programs (Xiao et al. /998; Tian et al. 2006). There have been many
recent publications concerning rice domestication (e.g., Konishi et al. 2006; Londo et al.
2006; Sweeney and McCouch 2007). Sweeney and McCouch (2007) stated that there is still
continuing debate over whether O. rufipogon, the perennial species, O. nivara, the annual
species, or possibly both were the direct ancestors of Asian cultivated rice (O. sativa L.).
Over the past decade, researchers have begun to identify the specific genes that control some
of the most important morphological changes associated with domestication (Doebley et al.
2006).

I ADYAR Irmornbe el Cadd: o el C €V I e o bl o 4 A= 4 A~ o~



0.1007/510722-008-9337-7 Page 2 of 8

Among the domesticated genes, the fi-g gene of Asian rice (O. sativa) is of interest in rice
domestication and improvement. This gene is responsible for the production of the aromatic
compound 2-acetyl-1-pyrroline (2AP) in rice. Nowadays, the demand for fragrant rice has
increased markedly in both traditional and non-traditional rice consuming countries, and the
consumers are willing to pay a premium price for fragrant rice (Bradbury et al. 2005q).
Fortunately, the availability of the rice genome sequence has provided an opportunity to
discover the gene responsible for fragrance by the comparison of the sequences of fragrant
and non-fragrant genotypes. This allowed the re-sequencing of genes and genomic sequences
in a fragrant genotype demonstrating a recessive gene located on chromosome 8 that controls
the level of aromatic compound 2-acetyl-1-pyrroline (2AP) (Bradbury et al. 2005b). The
structure of the fragrance gene (fgr) comprises 15 exons interrupted by 14 introns. Fragrance
is a recessive trait, the alleles from fragrant varieties all showed the presence of mutations
(i.e., the 8 bp deletion in exon 7), resulting in a loss of function of the fragrance gene product.
Bradbury et al. (2005a) suggested that fragrance in the two domesticated rice types, basmati
and jasmine rice, apparently originated from a common ancestor and may have evolved in a
genetically isolated population, or may be the outcome of a separate domestication event.

Investigations of the geographic and genetic distribution of alleles existing in Asian wild rice
will allow scientists to better understand the gene pool of the ancestors of Asian cultivated
rice and provide an evolutionary perspective to conservation and germplasm management of
wild rice. By tracing the origin of the alleles of domestication genes and the paths they
traveled to achieve their current distribution, we will gain fresh insights into the history of
human interactions, a history that has not been recorded but is written in the genomes of
plants (Sweeney and McCouch 2007). It is therefore interesting to trace the origin of the fgr
gene. In the present study, a large number of samples of the Asian wild rice species O.
rufipogon were collected and examined for the allele, which is responsible for the fragrance
of the fgr gene by using a polymerase chain reaction (PCR) assay.

Materials and methods

Plant materials

The Asian wild rice samples with the perennial form O. rufipogon used in the present study.
A total of 229 accessions were collected from the northern, northeastern and central regions
of Thailand, the Plain of Vientiane of the Lao PDR and Siem Reap Province, Cambodia.
Among them, a forested swamp containing this wild rice was of particular interest as it is an
isolated population well away from cultivated rice fields. The collection was made between
May and December 2005-2007. The collection sites are listed in Table 1. The exact location
of each site was documented using a global positioning system (GPS) from GARMIN (iQue
3600, Garmin Co. Litd.). Young leaves were collected individually from at least three
individuals per population. O. rufipogon is a spreading perennial plant with vegetative
growth. Samples were collected randomly at an interval of at least 5 m from one another to
prevent the collection of multiple samples from a single gene, as suggested by Gao (2004).

Table 1 Location of the populations of O. rufipogon in the present work and distribution of allele of the
fgr gene

. Location (District, Latitude |[Longitude Number of  Genotype
Sites Province, Country) N) (W) plant
’ v examined NN|ND|DD
Ban Klang |[Muang, Nakhon Phanom, [|17° 104° 46.50' |5 1 114 [0
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[Noi swamp [ Thailand los.66' || | ]
ong Han {{Muang,Sakon Nakhon, 17° o ,
swamp Thailand 0721’ 104° 12.56' ||49 44 115 o
Nong Yart ([Muang, Nakhon Phanom, ||17° o ,
swamp ||Thailand 2265 [|104° 44257115 e "O
Thung l .
Wat Boat, Phisanulok, 17° o )
Hong Thailand 00.16' 100° 21.32'||3 2 |11 |o
swamp
[Nong Vai asaithong, Vientiane, 18° o ' 7
i, Laos 05.18' 102° 31.79' |[54 25 |17 "12
Ban Soa Muang, Chiangrai, 19° o g
swamp Thailand 30.00' 099° 48.84' |16 1 |15 IIO
Ban Non  |[Phayakhaphumpisai, 15° o ,
Bor swamp [[Maha Sarakham, Thailand |{26.68’ 103°24.16' 111 11010
Road side ||Kasetwisai, Roi Et, 15° ° '
ditches  |[Thailand 38560 [|103° 4133713 B3 ]o ]IO
17°
, 102° 39.37'
Road side |[[The Vientiane Plain, 52.21
. o 21 12 16 |3
ditches Vientiane, Laos 18° 102° 40.92'
19.74’' ) |
Forested The Vientiane Plain, 18° o )
swamp Vientiane, Laos 10.25’' 102737.89")36 20 |15 "1
Sietn Reap lig;om Reap, Cambodia  [|137,  [l103° 81.28' 6 1 a1
swamp 41.07
Primer design

A draft sequences of the genome of the Thai rice variety Khao Dawk Mali 105 (KDML 105,
O. sativa L. subspecies indica), a fragrant rice cultivar, and a non-fragrant rice variety were

obtained from the freepatentsonline web site
(www.freepatentsonline.com/20060168679.html). This document lists the DNA sequences of

oligonucleotide primers (i.e., Os2AP-exon7.1F: 5-TGCTCCTTTGTCAT CACACC-3’ and
Os2AP-exon7.1R: S'-TTTCCACCAAGTTCC AGTGA-3") (Fig. 1), which were used to
amplify the fragrance gene located on chromosome 8. The oligonucleotide primers were

synthesized by BSU (BioService Unit, National Center for Genetic Engineering and
Biotechnology, National Science and Technology Development Agency, Bangkok,

Thailand).
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GAUTGGATTA
CTOCTOTART
AGGTTGCATY
AAATTICICT
CITITAACTC
CCTGTITICIT
CCTATAGTGS

GGTICTGAAG
CATGTATACT
TACTGGGAMGT
GGATATTITIT
CTTTACTTTT
ACCTTTITTAT
TGTTTGATGA

COGTGCTCC
CCATCAATOS
TATGRAACTG
TGITCICTIT
TAGAATTGTO
GGTTOGTCTIT
TCTTGATGTT

TTTGTCATCA
ARATGATATE
GTAT. ATATTIT
CTACTAMCTC |
ATCAAGACAC |

CACCCTESTG
CCTCTCAATA
CAGCTECTEC
TCTATTATCA
TTTGAGCATC

TAGRCANGGT
CATGOTTTAT
TATGOTTARG
ATTCTICARIG
ATTCTAGTAG

ACAGUIATIC
GEETICTOTY
STITGTTTOC
TTSTOOTTIY

CCAGTICTAT

Tfmmf CCIGITICAC  TGGAACTTGG  TGGARAAAGT

GARPANFITA 3 CATGODACTT  GUTATGATTA  ACTAATICIOC

GATTATCS

Fig. 1 Schematic representation of the fgr gene [Knowledge based Oryza Molecular Biological
Encyciopedia (KOME) ID: j023088C02] showing the 8 bp deletion (GATTATGG) occurring between
nucleotide A and T (indicated by the open circle) in the DNA sequence of exon 7. Arrows located
above or below the bold letters indicate the DNA sequences of forward and reverse primers,
respectively

DNA extraction and polymerase chain reaction

Genomic DNA was extracted from the young leaves of each wild rice sample according to
the protocol of Doyle and Doyle (/987). PCR amplification of the Jgr gene was performed
‘using the primer pairs as mentioned above. The PCR reaction was performed in a 20 pl
reaction mixture containing 2 ul of DNA solution, 50 pmol each of the primer pairs, 2.0 mM
MgCl,, 2 units Tag polymerase (Promega), 0.1 mM dNTPs. Cycling conditions were 94°C

(5 min); then 40 cycles of 94°C (1 min), 60°C (1 min), 72°C (1.5 min), and a final extension
of 72°C (5 min). Using these primer pairs, the DNA template from a fragrant rice, KDML
105 and a non-fragrant rice, Chainart 1(CN1, O. sativa L. subspecies indica), were used as
positive and negative controls, respectively, in the experiment for comparison of bands
resulting from PCR between fragrant and non-fragrant rice. The PCR products were
separated in 4.5% polyacrylamide denaturing gels of 200 x 125 x 1 mm
(length x width x thickness). After electrophoresis, the bands were stained with silver-stain.
The PCR product of approximately 396 bp obtained from Thai jasmine rice (KDML 105)
was present in every sample with the recessive allele (the 8 bp deletion), whereas the
dominant allele gave a product of approximately 404 bp from the Thai non-fragrant rice (CN
1). From the PCR assay, heterozygotes can be discriminated by the presence of both PCR
products. The PCR products showing the 8 bp deletion and/or non-deletion were further
analyzed to confirm that they were the target-amplified fragment using the direct sequencing
of the PCR products. These products were purified using a Pharmacia purification kit
(Amersham Pharmacia Biotech, Piscataway, NJ, USA). The PCR products were analyzed on

an ABI PRISM® 310 Genetic Analyzer (Applied Biosystem, Foster City, CA).

The genotypic and allelic frequencies were computed based on Hardy—Weinberg
formulations. Goodness-of-fit statistics were calculated for the figure observed compared to
values expected using the Hardy—Weinberg equilibrium (Allendorf and Luikart 2006).
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Results

The different genotypes and the distribution of the recessive allele of the fgr gene in wild rice
samples used in the present study are shown in Table 1. Overall, a total number of 17, 71 and
141 individuals were genotyped for DD (allele D, 8 bp deletion), ND (heterozygote) and NN
(allele N, non-deletion), respectively. Among theses population surveyed, two populations
(Ban Non Bor swamp and a Road side ditches of Thailand) lack the recessive allele of the fer
gene. The data from the eleven populations combined shows that 31% of the samples were
heterozygous (Fig. 2), this means that this genotype carried one allele, which is the recessive
allele of the fgr gene. The overall allelic frequencies were 0.23 and 0.77 for D and N alleles,
respectively. The distribution did not differ significantly from that expected under Hardy—

Weinberg equilibrium (y 2 = 3.4, P > 0.05) (Table 2).

Fig. 2 Photo of PCR products in a 4.5% polyacrylamide gel showing three genotypes (NN = no-
deletion of the 8 bp; ND = heterozygote and DD = deletion of the 8 bp) of the fgr gene in wild rice (O.
rufipogon Griff.). M = DNA molecular weight (base pair, bp)

Table 2 Statistical analysis of fragrance gene (fgr) in sample of wild rice from Thailand, Laos and
Cambodia

Genotype frequencies|
NN |Np |pDp ]

229 Jia1 71 iz ]
[_— "ﬂlele frequencies ”

IN allele = 0.77 |ID allele = 0.23]
y2=3.4,df=1(P>0.05)

Total

Goodness-of-fit y 2 = 3.4, df = 1 (P > 0.05)
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Goodness-of-fit testing showed no significant difference suggesting that locus of the fgr gene is in
Hardy—Weinberg equilibrium

Discussion

There has been a concerted effort on the part of archaeologists and geneticists to answer a
variety of questions regarding the histories of domesticated species such as maize, wheat,
tomatoes and rice (Zeder et al. 2006). Rice grains found at archaeological sites cannot be
assigned with any degree of confidence to any subspecies (i.e., indica or japonica) on the
basis of morphology (Vitte et al. 2004). As a result, a better understanding of the initial
domestication and early history of rice domestication will probably be based on the genetic
analysis of ancient and present-day populations of domesticated and wild rice (Doebley et al.
2006).

The loss of the seed-shattering habit of cultivated rice is one such case, and it is thought to be
one of the most important trait in rice domestication. Konishi et al. (2006) reported that the
gsHI gene is a major quantitative trait locus involved with seed shattering in rice, however,
the allele which disrupts seed shattering has not been found in the progenitor species. The
molecular evidence obtained from the present study, however, shows that the allele of the fgr
gene in cultivated rice is found in its progenitor populations. This genetic locus was selected
from existing genetic variation in the wild species and appears fixed within domesticated rice
as indicated by Sweeney and McCouch (2007). This finding supports the other reports that
alleles of genes that contribute to an increase in fruit size in tomatoes or increased apical
dominance in maize are found in their wild or feral relatives (Nesbitt and Tanksley 2002;
Clark et al. 2004).

From the point of view of the evolution of wild rice, the proportion of the N allele (0.77) is
far higher than for the D allele (0.23) within the sample surveyed. Overall, 31% were
heterozygous, while 69% were homozygous. This proportion is in agreement with Hardy—
Weinberg equilibrium. Surprisingly, the fact that the genotype DD was not observed in
samples of wild rice from Thailand suggests either that the wild population that was ancestral
to this genotype was not sampled in this collection, or that it is now extinct. The recessive
allele of fgr gene which is responsible for aroma in rice grains was found in two closely
related species with an AA genome (e.g., O. sativa and O. rufipogon), suggesting that the
mutation of this locus occurred prior to domestication. These data provide additional
evidence for the hypothesis that aromatic rice varieties known today arose from artificial
selection through rice domestication by ancient farmers. However, the existence of the
recessive allele of the fgr gene in the perennial wild rice species does not rule out the
possibility of crop to wild rice gene flow. Because natural hybridization among the two
species has been reported (Song et al. 2003; Chen et al. 2004), the domesticated allele (i.e.,
the recessive allele of the fgr gene) could probably spread to the wild species from fragrant
cultivated rice through out-cross pollination. To address this problem, samples of perennial
wild rice with 36 individuals used in this study collected from a forested swamp in Vientiane
plain of Lao PDR were studied. This area is located in the natural forest and has no cultivated
paddy fields nearby. As a result, this population lacks gene flow from cultivated rice. This
population also contains the genotype carrying recessive allele of the Jgr gene. This confirms
the hypothesis that the recessive allele of the gene was already present in a progenitor of
cultivated rice.

In addition, the recessive allele found in high proportion in other populations such as Nong
Vai swamp and Ban Soa swamp, where two fragrant modern rice (i.e., KDML 105 and RD 6,
O. sativa L. subspecies indica) grown nearby. The high proportion of the recessive allele in
these two populations and other populations as well, may resulted from out-cross pollination
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between wild rice individuals carrying different genotypes (NN, ND and DD) with a fragrant
cultivar (DD) and making a population of weedy rice in paddy fields. Consequently, this
allele could spread to the wild rice populations through out-cross pollination within the
perennial wild rice species. However, weedy rice plants were not sampled in this survey.

This report presents the distribution and the gene frequencies of the allele controlling
aromatic flavor of rice grain for samples from the Vientiane plain of Laos, from Cambodia as
well as from Thai population. The data obtained serve as a reference for other studies of this
gene. It may be noteworthy that some populations containing the recessive allele of the fgr
gene may be an important source of this trait for further study in the evolution of this gene.
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