The Lao Journal of Agriculture and Forestry, No. 28 (Special Issue)

QU U/ 0.4 1 ar é- Qé W/
navdionsuagvadivcealotoa g isiogdiniuas o

FUNEODU JDwdU', DAYGON Venea D.?, CALINGACION Mariafe N.2,
FITZGERALD Melissa A%, Jirawat SANICHON?, Darunee JOTHIYANKOON?,

Rosland MUMM?, HALL Robert D, ©3019 93395
Josiong

Youdioty naudonzuatuodiuida meg"lacommgmao 6 219 8 Qu sta'sizn‘m
gaodulwiisemhaeed oy Wugrududdgo. %Uaagzegmugnmmn COVUY
Taca9f]uznznaua~‘tzm°ﬁuavouwwmmmmoLaen cau single nucleotide polymorphism
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Abstract

In general, developing introgression lines can take between six to eight generations to
reach the desired level of background purity and homozygosity. The objective of this study
was to use new generation genome-wide single nucleotide polymorphism (SNP) genotyping,
along with a molecular marker for the allele of interest, and a relevant phenotyping tool,
to develop research populations within four generations of backcrossing. Two populations
were created for future research on aroma in rice (Oryza sativa L.), one being derived from
two indica parents and the other from one indica and one tropical japonica parent. The same
recurrent parent was used for both populations. Single nucleotide polymorphism genotyping
of BC,F, progeny previously selected on the basis of either a marker for fragrance or the
presence of the fragrant compound, and on the basis of morphological similarity to the
recurrent parent, showed that donor introgression ranged from <0.1% up to 35%. Single
nucleotide polymorphism genotyping allowed the selection of a set of fragrant lines with
minimal additional donor introgression after four generations. Metabolite profiling of the
volatile blend in grains from parents and selected introgression lines showed that selected
lines clustered with the recurrent parent. These new genotyping and phenotyping techniques
enabled valuable genetic stocks to be developed within a short time, for use in biochemical
and genetic projects on fragrance in rice.

Key word: genotyping and phenotyping techniques, single nucleotide polymorphism
(SNP), molecular marker, recurrent parent, donor parent, Introgression lines: ILs, near
isogenic lines: NILs.
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Introgressmn lines (ILs) goudnavmag
mwwauznmznuaaum Laf]mﬁﬂazmamau
naudnaanagaaudivgna, cmshjmgm
180 lunaudesdiunao (back cross)
296V 6 U czﬁs"iﬁ‘cﬁmazﬁ’wﬁuuﬂvﬁz‘n‘
Tnaﬁnvcwww (recurrent parent), &6JaN
aemesznmagmwmnw (donor parent) WJ9
ANFeUzUyU. W 2-3 Jn9u molecular
markers t&uda iucdogBiigmeulunay
donzvagaedy ILs gar g99dulndd
0 near iii)genic lines (NILs): 1198199 130
D genes tidi@gnan uar JoowdIgols
E]JgﬁUZIJZIﬁJ recurrent parent (Jairin et al.,
2009; Keurentjes et al., 2007; Li et al., 2005;
Neeraja et al., 2007). (8999 l0n090, nau
UalSsauou markers Heonoagriulsni
gudiuJuydgTwonyay Y&SuDaan
w9y, Ye3ducéindn SNP YESudiomeLa
ngmmoaocasnmywu‘io'a‘mouij,
Jedonoa Ry 9090608 enSedy
IoangrusguusE@ar  Juliunauil
amui)ﬁ&o (McNally et al., 2006;
McNally et al., 2009). cﬁnﬁnﬁgﬁﬂa Y
waiuccunucnaomau?anuwaﬂnsn
Fueduuaameuodiuida  indica waw
tropical - japonica Lagcﬁwiemo'imifn‘?é
UJOU]“U‘]ZUIJ?HUT]‘]UZUUU]J’I‘]OC?.USE]UZD‘]
nosdiugna (genes) znmsgmw‘to‘m Y
Danaafnnoadiinew.

mwgdvcmo%sﬂa, cuodiuiy
(o9 ygaumd:n U cccaumm.TUUfjwn
[(6nE ssmwawn‘fzm muwuwsaoag
Lcuawnwmusgmuy EJBIJE]D‘JJ“Z,U‘]UTI‘]U
Aud ccmwo?mfﬂwwsaom Gar 92U9 D

!
Q2> o

genes I9UOVIIDY z‘n"ﬁaué’nmwm§
(Fitzgerald et al., 2009). Twevqujamj
Duvodiule Bu: Apo (PSBRc9), NDEIU
CJ%&O%@T‘UL?SIJ\C%LMj 9 (Venuprasad e
al., 2008), NIUYSLSVIHVNUNDI92099
Fouruotiudyna 583‘55%@31%984)%’0
PINGHI Twnnou Haxldignonauousy
Gy Umwawaumgma guadiu Apo Lo
SunausenEuoi "Zaumijsczno T
(20998, aaumgchmoma zn:mmmm
Tuwa ko 1s. (Gouiuon cwozuauogmo
Tiduesedogy «ogdSTwnsovyae iy
U@Jeusu%aunuwﬂumunu

LCUOZUUZDJJ(’JUCJ”&O?@ e JJE’liJ
Uaﬁw‘]Uﬂ‘]lJﬂlJmEJSUSU LEU?JJJEJGEH N9,
ECC’] 2 EEUOZUIJZ.UIJEJJS? U]JJE\OQJJZHSJJ
(AT INICWS, yg&um%wummUmzﬂ
Hudud. wuodiutndsuifiog (Kai Noy
Leaung: KNL) ¢z 2190U99U20 (Hom
Nang Nouane: HNN) (Inthapanya et al.,
2006). LEC]J’]81JE@33’]Q1J@1J§10‘]C2‘] EEJJiJ
ﬁﬁﬁ‘]mﬂﬁﬂbﬂﬁDUéj%UﬂJD € NOFSU
wUUdFNIWEOa (conventional breeding),
woddiugSo  unauiieraouda
amumeuaaggmazﬁ’w KNL & HNN
Usgjucﬁacwawnmucﬂwwaaoag HNN g1
Dnaunasdiv ZﬂlJ‘l\iU%ﬂ‘liJEﬂOE]D‘lUUlelJ
(Bounphanousay et al., 2008) naunagdius
gUuDU betaine aldehyde dehydrogenase
(BADH2) gene (Bradbury et al., 2005a).
ZUIJI]‘]DZUlJU]ﬂ‘]?@ﬂE]O‘]JJU]BU?SﬂEEUOZUU
KNL yguznns (Fltzgerald et al., 2008)
0Ue59299NWENKI90 gUVcdodn
nevagaodiu ILs 2 edesy, Jutdid
683?ﬁ@J3ﬁU NILs, AoAUtNaoaLmeL
(fragrance pathway) TlJ[;l;l:’]azE‘l NIVU9
Ta KNL Judald § wwu (donor parent)
U]JJQO‘]UU]SU %‘]EOUEJUB&UU] 1 €tz HNN

56

January - June 2013



DI NEINY ke UILD, FLTUR. 28 (IvTVE0)

| !
o o

Wudoley § dduiibeoavmey saau
SnQuUesLi 2. FMAU9Re9Z0, LD
oSy wovidend@acuodiuduyy HD
Suesed0gy recurrent, wuOdINIRE TV
(Thasanol: TSN1). ¢&inn SNP i 384 loci
(Thomson et al., In preparation; Zhao et
al 2010) wwfom?aiudwaﬂnsn BC,,
iiosniSengaudi muanmnsmmeg
N 4Ry Danszuraaudidosy § wuo
L. Lagnmnnnogma Jrqdugeusng

UE%Oﬂ”ﬂOﬂO‘] (83} TZLO&‘]&)U

gUrney Kav Sinau

NWHOISY

119 2 Jegansu 299 ILs (Oryza

sativa. L) towonsva. cuodudola Tu
0 © ! S v dha
g00a806Uu HNN, (39:duuodiuil
functional  nucleotide  polymorphism
(FNP) Tu exon 7 299 BADH?2, tag KNL
WJuguodivdola Tugll 2. 9 v o 2

Jrganou, «uodiudosy Uy TSNI,
Wuguoduiilduesiogy  wodmeu.
QUeILNS0 cwn‘muazgw‘fwaaoww

2006 mauanmmczﬂ g Dorone
R0, 909y duasa Nena gar Jatd
(19290, Ys0ano Lar Huagludy
Sudive) 4 2.

Weoazqu, wdugnindszza
NeUgULSL NN Y&BnausniSen Yoe
13 BADH? feudoiSenluiensy
(Fitzgerald et al., 2008). &wwwgn F,
EUUS8WY heterozygous €T 60NN
c§ﬁm9ﬁum¢"ﬁmmumsu KRoVIFWLV
Soria0 Jraudiusiuguuodiy TSNL. 2w
Uoumuogma CUUEoTUTuse0 4 Q.
ggeanuy  Jesldigaoduqguan BC
Jr SuForegiliolitd BC, F aww:uam

ILs, BC,F, 9200y 437 ey gnglu
290 luasQdu 2009. Tugogrndnzey
NN, tofiuisaluamnenazsae
4 cliouagerio DNA gay cf‘ﬁuaﬁJocﬁa
NI,

SRUZ0QUEEU 289 KNL (Ju
cuodiudola, awwnmummumau i
YGe0iden  GounaudiogsuduRuna
goodiuiiDooamey  (sensory  test).
naudogeuslulsly 2 ¢ dulu KOH
(1.7%, 10 ml) tJuoa9 10 vadl. KOH
gawaoSoligau 2-acetly 1-pyrroline
(2AP) senfu (Juliano, 1985). Uoeld
g1udiugn BC,F, Urgudotey eldd
BCF,, gy BCF tountuasqgdu
20009. Gﬁ:uaagzmsm eegm‘uu;mnn Y
(Hudaly mmmaas\‘mawu (ouage

110 DNA (e EﬂUﬂJOLU@QﬂELJ’].

nuStagavaoavmnol 2-acetyl-1-
pyrroline (2AP)

aﬁuﬁnﬁ 299009U08L KUY
2AP, mumgmo Yoa‘mmywwan BCF
299qUral KNL cagm"ﬁa"luneﬂavno
mnamumeu?masgamcmn gas chro-
matographymass spectrometry (Agilent
6890N gas chromatograph equipped with
a 5975N mass selective detector). 89U
2AP ﬁnmﬁmﬁaamuﬁu?ué‘o g oy
muaao Tmam 30 wag mswmku
85°C. f9a9Nu Yaundalusen Yog
nouls dichloromethane ©R% sodium
chloride. a:u?mcgﬂmj Jruau 1 vad.
aiJ organic, ZnUIJ’Q 2AP, m99eI9U anhy-
drous sodium sulfate (8L LSOTM?U?U
G008 tUINSIAULYD. 28UDUNIU €T
c‘%aw‘cggaj GC-MS 12z nausiesio 2AP
couESeuTuiuitSesRuae (Kovach er
al., 2009).
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navaacdenggdivdsga NILs

éanﬁgzaactdaedeaﬂﬂsn
BCF, touanagini@endos SNP Ju
chjylmﬂ‘un‘m genotype (45} phenotype
289NDILUBL (aw §0tSendy H#05n
gruraas8 TSNI. g9 BC/F,
Fauou 46 saeduiD 029U
mouaan HNN gaz Sn 45 sqedi §0
Daoaumey. saauguesu KNL, valg
SNP (fodniSontd BC,F, 91uou 34
SRR caguamumsum‘mmnmwm
fiodostdiog GCMS. DNA dgerio
nluzegynedodas, (393%nau wLu
toeviuasnauly (Fulton et al., 1995).
DNA tdgesioludeauau 50 ng/ul vals
Nanodrop 1000 (Wilmington, DE, USA).
Genotyping toualg SNP # 384 loci
valg Illumina BeadXpress GoldenGate
Genotyping Assay (San Diego, CA, USA).
SNP t0dtaualg  Alchemy software
(Wright ef al., 2010). S0g0U299 donor
introgression lwyngadiu tonalnooe
nawlg GGT 2.0: Graphical GenoTyping
(van Berloo, 2008).

allele

navsesriogwascdie (volatile com-
pounds) JugaediviitosoiSen

R

gaedivfigodentusefiocuy
Deoawwsy «ay Danswuzesydols
ﬁayfﬁao 1080Henisa 5 398U 29N
Uagju HNN Uy 6 99UV ’mnaUagju
KNL moshf]tmwu cwnUmeacwusn
2 azgnay czusczuuwowau tDosasiy
11 gaodu d9nao BCF, tddfiunyo
(§~F ag‘cu LU duaoa Léﬁmjam
(International Rice Research Institute).
(Bacdon  YSunzdendosy (THU35A
250V 50Hz Test Husker, Satake) #Q%

20008 (Grainman 60-230-60-2AT, Grain
Machinery Mfg. Corp.). cgﬂmwzsgm
argIudl (ar WEUUIGSH Y Plant
Research  International =~ Wageningen,
The Netherlands i8S tamaganaxifie
(volatile compounds). S{n‘mmﬁ“gvifo GUU
mgznsjmoaef]zjecznammoLi‘jm:u;so
ynegay ngucmg)fJQUUUﬂTm

eFuTLOSL
nwdioNEUELINOU

0I0E99 1 avczog“ﬁzﬁzﬁuéﬂ 99
vouduiivesy, mwamuomdn Ky
Fauoucioficiutdee9e) 2 aU SU. 9
SugUesy KNL, sagdiy BCF 90DV
34 98l ‘comcasnoaamnounw
(sensory test) K Sta008 GC cwscasn
(Sagavdiumey. MFUgUesL  HNN,
g0y BC,F, 99001 77 f9ediu 10D
0OIWNIBL 4Ar I gene MOILTIBL (Y
gouiidmeu Pe0Senida.

00ERY 2 ascmg%tﬁmjaﬁ
ENEELLBENEENEEL PR LY
BC,F, 299gUrdu KNL (ounaudy. 2
Unm\mmccog EUUI0RITVIIMADW
ZﬂSJJU’I‘]S;JU‘I‘]U‘ISUU‘U%EJ dyuloyngaudy
FeoSenwoniaoaumeu.

(éindn SNP (SNP profiling)

suazoy 1 szwoyldidiuoa
SNP profile 299898y BC,F, %1060
(doneeggUesy HNN, 99806Iuen
(RoNaoWnBL 0o83RNI0ISUNIYUU
Y2y gene HIIWNIBY
8, «r AUELVDYTSUNIUaIgaTY
HNN. suseeog 2 g0yl diuceui

chromosome
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° a o e 1 A\, »® 1 -~ ° Ao a 1
0899 1: YWoVAVRARVLOArUrgneiitagnaaluciardu as Fauoviidodenivue
ru2egdsdudiunao.

41 (generation) i (Folsi) Parents

HNN KNL
F, Toyn 20 15
A SRR 5 4
BCF, toyn 19 11
TOULS 8 6

BC,F, Toyn 202 317
1odes 71 21

BCF, Toyn 107 127
A (T3P 34 13

BC,F, Toyn 163 161
AuencSen 35 27

BC/F, Planted 437 250
dusncdentd 127 34

aoaugenciodunalugu F, BCF, «as BC F,, ssuduvauougaeiinisenisdeuniunaane

\ - 42
299 tduInIuFuanau (brown planthopper).

a L3 v &R Ay, o 1 Py
099 2: NIVYLIUNIVNOFTDUODIVNDU299F98 W2 BC4F2 m‘toﬂﬂnqt}zﬂu KNL «a¢e
TSNI1.

099U tanfigaedi

MOUYNY (very aroma) 523,529, 557, 558, 625,626, 629, 631, 637, 639, 664, 668
naudaunag (Medium aroma) | 501, 606

mauvies (Slightly aroma) 505, 530, 539, 560, 577, 588, 609, 610, 619, 622, 632, 633, 634,
635, 636, 638, 640, 643, 665, 666
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E]O‘]JJE]‘]EJE]%QQU%‘]EJZUUE2‘]283€]U”
U KNL, LZ'_‘)UM@O’QOODSJ the fragrance
phenotype waE fi 2 gUUI000uso
g)OiJ28‘j KNL U]U%ﬁ']@ R)%U‘]OEU]UU@ 2
U“"Z‘]ﬂ']@i) CZf]ﬁﬂEJZUlJOf]ﬂ‘]O U%O%OU
ﬁUZUZUiJC]OGZUl tar wonludugadv
w29 (heterozygotlc) Tugawgo (loci). «o
U?JJlJZﬂ&SﬁEEOﬂDﬂ g loci ZﬂU@O‘]UCEC’]ﬂ
099 099 TSN1 €z KNL.

nauual8 SNP profiling # 1536

loci TunavAnaegney, KNL gag TSN
a ' & .

1 Ue29U60n099 57% 299 loci, €y

TSNI &g HNN wonoagi 35% 299

1536 loci. 009UEONOYLUV LUV

Chr1 Chr?

Chr7

| LS iy
L1198 R T P
0 111
i

Chrl

U SNP genotyping # 384 loci, L§311°‘1
"Zé’gj"ﬂﬁuuuaﬂnan BC/F,. NIWNOFU
mavcmf) "Zusuavcmg 1 glaidivoa go
Huaman KNL vl dgaed
mtrogress1on sieunodaso HNN dud
. RLECRY 3 REL0Y Yidnda (JSu
aawmeaasg KOReRwdU299 BC,F
nunﬂcanwwwwﬂy"lm SNP ge- notypmg
& 384 loci. 0090690629939 WU
KNL #Hcdud g Jugioa9n 0.1 to 7.5%, Tu
2vUr(Jonu F9uduee9 HNN Heud
099N 0.19-34% (0902299 3), HNN
wae TSN gonaa9gdeuan 30% #1536
loci. Dwj9 4 s90UiAD allele n2UMDL
<1% <999 HNN.

Chr7

Chr1 -t Chr7

L

|
"
L)
e |

guarKg 1: eiui SNP 2egmazuau BC F, 3andezaneu HNN (A) kaw Uua*meau KNL (B).
991 384 loci, HNN gonciagean TSN1 & 137 Twzeneajo KNL «ondagaan TSN1 # 220 loci.
mmegaunmoamn TSN1, fdacvvdocny sawduduyy (introgression) anddufold cav

fuogxvuzavdiv heterozygotic loci.
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o~ o R Ay, a ! PaY
0e99 3: ﬂ‘]l]UBCﬁl]n‘]llmﬂﬁeUﬂO‘]UU’leuaeﬂﬁﬁUulllE2‘] BC“F2 zn\tc)'-v“qusa.U KNL ¢z

TSNI1.
(BiZunoaudn tandigeggediu (Lines)
bl (%) )
Pecentage of
] KNL HNN
semilaryty to donor
280, 221, 223, 116, 142, 266, 269, 133,
<0.1 523, 529, 545, 554, 571, 680
146, 228, 234, 236, 241, 288, 233, 435
<05 447,464, 507, 512, 531, 616,
- 532, 638, 640, 649, 665
<1 461, 504, 540, 553,577,592, | 108, 126, 438, 85, 98, 145, 148, 271,
- 622, 626, 635, 679, 670 326, 218, 303, 315, 370, 378
530, 560, 590, 611, 617, 658
1-1.5 ’ ’ ’ ’ ’ > | 54,405, 261, 263, 268, 362, 397
666, 668 s s s s s s
15_2 557, 562, 563, 664, 603, 609,
' 619
2.0-3.0 448, 505, 506, 606, 634, 637 | 374, 144, 89, 91, 93, 226, 246, 431
3.0-4.0 444, 546, 558, 625, 631, 639, | 389, 102, 240, 249, 248, 92, 96, 235,
T 652,593 439
4.0-5.0 633, 684, 548, 629 219, 404, 436
50.75 610 636. 588 593. 587 180, 253, 281, 327, 349, 129, 283, 300,
' ' ’ ’ ’ ’ 307, 380, 392, 256
7.0-10 44,52, 429, 430, 30, 416, 367, 205, 176
10.0 - 20.0 204, 400, 254, 63, 29, 40,
20.0 - 35.0 1,20,17,6, 15,14

(&indn Metabolite (Metabolite profiling)

ﬁ’uczdé’jﬁzf"fw§ locus ©2WNDL
299 KNL, gouiSatoualgiéininaey
polar compounds NOOFSUIWALINE
Wlu. dvon Jewousauaridie polar
compounds Tmmavmawnumnmgnn
URLLO) 2 IL009 {gicivon ueviigey
gauauiiiofidy tar Swxog icinoa
muwo:}u (clusters) congu Fudicy.

sURLK09 2 Izugldidivoa D2 nulne.
wﬂa"lﬂunuzn 2, KNL cwwmn?unuesewg
EE&B TSNl ccutumn‘wa?wnueiu meJ
68U (other primary cluster) ELUIJLZHU\EO
mg'aﬂnmwazcmymwau%mgcmg
28963V Tunu KNL, couDaagdiy
BC,F, 99u0u 5 gaediy sJ“Zlmumgma
UV 4 WAV KUUODIWNWENIUL
zgn"ﬂﬁuzﬁzfm KNL glgenaa 5.1% (09
099 3). PINNIWNOFISUINOU 3 98
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dulunulniu KNL  ssxogldicdivon
Daoaumsuyag & KNL, ‘Znesnsqjonn
2 awwn“ﬁumajeagnu (cluster) Hfo
soulanoaLneunlsy  (OI0za99  2).
nugeeey TSN1 woud 11 squdi,
807 0.5-6.6% lzegaaﬂuéﬂygﬁu
KNL (@902299 3). i’JziTzJamucijm‘iJ’ﬁsg
U &BU‘ID‘]‘_’]&BEJBU‘M‘_’]?%;‘]T]U (clustermg)
Ly aoaauasgwwu IVIRER LI

neu,umawtumycag Lcmmywuogmo
dolaoaumousioy  MNIWAOIDU
008 3HAD.

UalSgnudiudinulond, daoSengas
deowdFF0 (AnNgevsaaicy) #Hevo
(3onDOILN2UIMN  KORLUL2INDU.
sURL09 3 R=E09ldicdiuoa principal
components analysis 283&‘11{&8@9‘%
goodiuiieodonun war  weldud
F0999NS0(aVd0  Frudiuiidncden
ECUUU%ﬂ&JaaEmSlJaUTUTlU?ﬂ']TIULCUZUIJ
oty mywummmn KNL Tnnuccun
conangaediuiivasan HNN aisoi
(SUSELOI 3).

Legend
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639 |
501
530
523
666
632
539
529
505
634
626
606
631
622
638
619
625
665
560

588
609
558

~”
~”
b=

TSN
629
577
637

] i
Lar B o (3]
R -] =

664
668
640

PES
Qlﬂ\b

suauunj 2: gehud (Heat map) auaoﬂmtmnmmaqnuaejmnautme (polar primary com-
pounds) masnn‘toam?uasgmawn BC F VOV 34 F8UY ‘?‘lﬂﬂUSﬁU KNL gae TSNI1.

62

January - June 2013



09REFIW NEENT Gy JILL, FeTUH. 28 (FeTV0)

-10
5
@
PC1 ® |
T T . -
-10 -5
-5
-10

PC2

Q . ° [ v Ao a
guaenny 3: PCA 299390aet19) (volatile compounds) 299UWKIUY KT JIWVNOOIRON
BC/F, asmﬁmcmnmnmuwnaunmuucaq‘lnauwn TSN1. KNL 9, HNN §xo9, TSN1
dcge9. anz99 HNN auuamwﬁnq}g 4z gna99 KNL uunano

SUNEV

Tunauduygdiy, gaudiuSamou
MgUrdl HNN oz TSNI GUUE0
(3on0083H12  marker  ©2wWMOU
(Bradbury et al., 2005b). bosadEi
§99 gene nowWmeU299 KNL, 39
2999UrRU0INI0KUVE0RONIIW T
O28NOL (sensory technique) (Juliano,
1985). naugesio 2AP Oosnauualg
GC (Bergman et al,, 2000) Yooty
Lcuwummccwg, gey S9ual83Gnau
QL. wom1g3iiiossutuy Sensory
UaeyaesJo Tjula seinBaded
paugauaLie 2AP. [anodudgnao
LUU‘ﬁU‘mmaocaenmswan INQU
SU KNL td9awousisy fadjumuls

guUral 209 HNN. Tugognauyngaediy
BCF, Juvawougas tudiou 4 0
2009 mma‘tomomwmmuawmu
ma9e Souguotiu gmszuuogmo %9
muma‘tmwawwey qugum 50 s9¢)
4 299 BC,F (cwnmumuaaﬂumeu iR
ﬁé’navuva"ﬁmuo) af]moczmum SREIGT

|
QOQ

N2 ELUDI‘[J’]U]‘]EOQEJU’I‘]SJT]O‘] SWLVNDD
812U U.

29N 437 aﬂywnaejmjaa.u 60
(Ieni8a 46 goeluiD gene 9DILYIBY
2 3US‘]3G’]1JEUJJ81J TSN1. 8n45 g9eediy
Dansruraatuwiisy TSNI €T gene
QOLYIBY. F90IUGINN0 KLU genotype
# 384 loci W18 indicalindica chip,
(W29 119 2 V199N N indica. FIVZ0
KNL, 219 34 g99diunsuiiasaaan

Tonew - yua 2013

63



The Lao Journal of Agriculture and Forestry, No. 28 (Special Issue)

Lzﬁyﬁ’nﬁl’ué’ﬁgmumﬁmy (R WA
Badmeu 40 swdu HeoSenean
nauls SNP genotyping # 384 loci 1
Té%m indica/japonica chip, (wazda KNL
LI;JIJIJIJSDTIJJjU tropical japonica. $USs
€09 2 € 09099 3 Jrwaylddivon
Sediugn2e9go KNL goudolee U
13 Fwousgdiugn 9ang0 HNN.

gMaug0  HNN, é0@entd 5
SR U 2am8ﬂ811ﬂ‘ia°lnaJnm‘EU
(B9g90dfu AN 116, 142, 266, 269
gaz 280. U218 137 polymorphic SNP
markers (% gene O9UNDU, ILLVLY
alousutOANREUE HNN wj9ue) 0.1%.
nauendenswddigo Fngo KNL
EUUSOUS9EI.

susreng 1 szeagldidivon sae
duiSamsuvauougae  ciudSngeUy
299 showsKNL ¢ chromosome 8 (¢ 10.
00U couini gene BADH?, gugU929
sasm%u allele Y0299 BADH2 gene
mmmoaggms 2AP Tuguodiu KNL.
twinscau Hidudova 299g9un09Um9U
2AP «lU (Usdu (proline), £9ni&AU
(ornithine) R 9930V (arginine)
(Yoshihashi et al., 2002), Lé’gwonogmo
9090 metaboly (JU putrescine (T
y-amino butyraldehyde (Bradbury ez al.,
2008). NINUSL mci’fumom‘wamuag
toaxcdu 2AP nguznw‘m‘cwem 50129
BC gego9ldidiuon carbon moiety DA
Ua99n proline (Yoshihashi et al., 2002).
[ogaolonnan  gaee
amino acids ey gavazFofitiosu
929930 NIW (pathway) 2833’1‘]1)3)3(;9‘1&5
(Liao et al., 2008) sulosudy weiu
UatUg 290 U980

physiological

carbon moiety.

(amino acids) 9N9D zﬁ’guﬁonﬁw polar
compounds g2y (Ju metabolites LY

Lagwﬁwanajma FAINNDOFTOUVODE
(CinUn (Su: NMR.
&9U polar compounds ﬁa‘ﬁé’fv

§9nao Lcuwusfin‘fueegmywmm (89
mou 34 saudl, tar DeIdLRSse
w09 lugusewoy 3. Jjunju SNP map
(SuREKOg 2) TV heat map 299
et (gusetoy 3). aowdIgonag
muwnmmumwnnu metabohtes T
cluster #1 2 TuguRrLOg 2 (N9 D
9 2 cwuusu?wmogmo 5 saedu
299 KNL Lwnwaw‘funum 2 gy 12
mawuaeg TSN1 cwunswsmuzn 2 Bu.
nui 2 283nuzn 2 e, wiudBaoau
guiuriveowddgonagduyra. gy
2 98U 299 KNL zniusiu?unuzn 2
sugreoy 3 wouleoaugangae (09
OER9) 2) Ky uamuuaaoo (e
299 3). JuSldiciuon gausiEolsfio
aoawmaulu KNL 990Dy 4 saedi,
gaududna0 cluSnsEUE 299 TSNI.
Tunu TSNI Tnsugjsuog 3, woud 12
ERISEGY zn.uaamuuam mgwwmm ©9
OeR99 3) ks 3 mawmgmouamu
meuion KNL (0902299 2). nuOu
Gudo wond 17 gaudu, Wiy 4 g99
WU couDaoauneugaueu KNL (09

Owang 2). mua?wnaﬂmocwﬂamwmn
099 ;99 KNL 990 HNN (Boun-
phanousay er al, 2008), GUELUYD9
KNL Bmmcmndﬂg cé’géﬂjcﬁwﬁn‘tﬁ
numumm 1 sﬂoﬁu‘w‘tomawwuogma
Dgautinaoua LagsﬂmunJawwnuaﬂn
2AP Ry sr0lzwasIwney tof 2
TSN1 weulunuii 2 asgnumwmm 2 (39
Dgaudiuiid pathway 299NIWT) a9

64

January - June 2013



09REFIW NEENT Gy JILL, FeTUH. 28 (FeTV0)

2AP, «ar 0D pathways 29980108009

é" o 1
eggzanlosdy duon Wusawasiie
gt (unoaumen 299 KNL.

mnamasmmawnasgao KNL
quaocaeﬂunwumuasg 3 dnaw:
aoweY, nowdgonagdiuyrv tay
noommumuﬂ (metabohte content). §9¢)
fufgoSents  as Daoaumauyae
INNUA 1 4w QU 2, ey H9owLuD
a0awdgonagdiuyna, Daawdi 226,
557, 609, 664, 558, 631 KT 629 98
dud9nao Baoawddgonagdivygna 299
KNL 991 0.9%-4.7%.

Yooty naudnBenlitdane
WdHIgo (NIL) woudieglsonadanca 6
QU 2833’MDU“%UZU1JC’]‘]O Tusonedon
21 V6DBeDiviugrtwyals By
metabolomic and SNP profiling 89090
dodentozaudiln wokn 4 Ju 299
NIWUEFLAURND. NIWUETURELNDNYLUD
ﬁuz‘h‘mmmjuc%azﬁ’wmo (indica GaE
classes) SU0N0RSNIWUU
ANVIFO ‘iommwwwmmmmdwu
%uwcwwnmf]m iR ‘mmawiﬂzm
Fauoutiiss wodlugaediud. saedui
S0iSentob Lﬂwaomﬂsmaej YUY Nb)
(Nt Lﬁumywumuawm (8 memznao
v Uy a99. mawnogmo %‘mas
DY LR m“ﬁa“ﬁumuammmmonuwu
ynaeoIuTey eeguuodiy KNL «aw
L2ﬁT'QﬂJO:nU genetic pathway 2998290
NSW.

indica

(ONEFIWO9999

Bergman, C.J., J.T. Delgado,
R.J. Bryant, C.C. Grimm, K.R.
Cadwallader, and B.D. Webb. 2000.
Rapid gas chromatographic technique
for quantifying 2-acetyl-1-pyrroline and
hexanal in rice (Oryza sativa L.). Cereal
Chemistry 77:454-458.

Bounphanousay, C., P. Jaisil, J.
Sanitchon, M.A. Fitzgerald, and N.R.
Sackville-Hamilton. 2008. Chemical and
molecular characterization of fragrance in
black glutinous rice from Lao PDR. Asian
Journal of Plant Sciences 7:1-7.

Bradbury, L., S. Gillies, D.
Brushett, D. Waters, and R. Henry.
2008. Inactivation of an aminoaldehyde
dehydrogenase is responsible for fragrance
in rice. Plant Molecular Biology 68:439-
449,

Bradbury, L.M.T., T.L. Fitzgerald,
R.J. Henry, Q.S. Jin, and D.L.E. Waters.
2005a. The gene for fragrance in rice. Plant
Biotechnology Journal 3:363-370.

Bradbury, L.M.T., R.J. Henry,
Q.S. Jin, R.F. Reinke, and D.L.E. Waters.
2005b. A perfect marker for fragrance
genotyping in rice. Molecular Breeding
16:279-283.

Fitzgerald, M.A., S.R. McCouch,
and R.D. Hall. 2009. More than just a
grain of rice, the global quest for quality.
Trends in Plant Science 14:133-139.

Tonew - yua 2013

65



The Lao Journal of Agriculture and Forestry, No. 28 (Special Issue)

Fitzgerald, M.A., N.R. Sackville-
Hamilton, M.N. Calingacion, H.A.
Verhoeven, and V. Butardo, Jr. 2008. Is
there a second gene for fragrance in rice?
Plant Biotechnology Journal 6:416-423.

Fulton, T.M., J. Chunwongse, and
S.D. Tanksley. 1995. Microprep protocol
for extraction of DNA from tomato and
other herbaceous plants. Plant Molecular
Biology Reporter 13:207-209.

Inthapanya, P., C. Boualaphanh,
Hatsadong, and J.M. Schiller. 2006.
The history of lowland rice variety
improvements in Laos, p. 325-358, In J.M.
Schiller, et al., eds. Rice in Laos. IRRI,
Manila.

Jairin, J., S. Teangdeerith, P.
Leelagud, J. Kothcharerk, K. Sansen,
M. Yi, Vanavichit. A, and T. Toojinda.
2009. Development of rice introgression
lines with brown planthopper resistance
and KDML 105 grain quality characteristics
through marker-assisted selection. Field
Crops Research 110:263-271.

Juliano, B.O. 1985. Criteria and
Tests for Rice Grain Qualities, p. 43-524,
In B.O. Juliano, ed. Rice Chemistry and
Technology, 2nd ed. American Association
of Cereal Chemists, Inc., St. Paul, MN.

Keurentjes, J.J.B., L. Bentsink,
C. Alonso-Blanco, C.J. Hanhart, H.
Blankestijn-De Vries, S. Effgen, D.
Vreugdenhil, and M. Koornneef.
2007. Development of a near-isogenic
line population of Arabidopsis thaliana
and comparison of mapping power with
a recombinant inbred line population.
Genetics 175:891-905.

Kovach, M.J., M. Calingacion,
ML.A. Fitzgerald, and S.R. McCouch.
2009. The origin and evolution of fragrance
inrice (Oryza sativa L.). Proceedings of the
National Academy of Science 106:14444-
14449.

Li, Z.K., B.Y. Fu, Y.M. Gao, J.L.
Xu, J. Ali, H.R. Lafitte, Y.Z. Jiang,
J.D. Rey, C.H.M. Vijayakumar, R.
Maghirang, T.Q. Zheng, and L.H. Zhu.
2005. Genome-wide introgression lines
and their use in genetic and molecular
dissection of complex phenotypes in rice
(Oryza sativa L.). Plant Molecular Biology
59:33-52.

Liao, S., P. Poonpairoj, K.
Ko, Y. Takatuska, Y. Yamaguchi, N.
Abe, J. Kaneko, and Y. Kamio. 2008.
Occurrence of agmatine pathway for
putrescine synthesis in Selenomonas
ruminatium. Biosciences, Biotechnology

and Biochemistry 72:445-455.

McNally, K.L., R. Bruskiewich,
D.J. Mackill, C.R. Buell, J.E. Leach, and
H. Leung. 2006. Sequencing multiple and
diverse rice varieties. Connecting whole-
genome variation with phenotypes. Plant
Physiology 141:26-31.

66

January - June 2013



09REFIW NEENT Gy JILL, FeTUH. 28 (FeTV0)

McNally, K.L., K.L.. Childs, R.
Bohnert, R.M. Davidson, K. Zhao,
VJ. Ulat, G. Zeller, RM. Clark, D.R.
Hoen, T.E. Bureau, R. Stokowski, D.G.
Ballinger, K.A. Frazer, D.R. Cox, B.
Padhukasahasram, C.D. Bustamante, D.
Weigel, D.J. Mackill, R.M. Bruskiewich,
G. RAsntsch, C.R. Buell, H. Leung, and
J.E. Leach. 2009. Genomewide SNP
variation reveals relationships among
landraces and modern varieties of rice.
Proceedings of the National Academy of

Sciences 106:12273-12278.

Neeraja, C., R. Maghirang-
Rodriguez, A. Pamplona, S. Heuer, B.
Collard, E. Septiningsih, G. Vergara,
D. Sanchez, K. Xu, A. Ismail, and D.
Mackill. 2007. A marker-assisted backcross
approach for developing submergence-
tolerant rice cultivars. TAG Theoretical
and Applied Genetics 115:767-776.

Van Berloo, R. 2008. GGT 2.0:
Versatile software for visualization and
analysis of genetic data. Journal of Heredity
99:232-236.

Venuprasad, R., M.T. Sta Cruz,
M. Amante, R. Magbanua, A. Kumar,
and G.N. Atlin. 2008. Response to two
cycles of divergent selection for grain yield
under drought stress in four rice breeding
populations.  Field Crops
107:232-244.

Research

Wright, M., C.W. Tung, K. Zhao,
A. Reynolds, S.R. McCouch, and C.D.
Bustamante. 2010. ALCHEMY: a reliable
method for automated SNP genotype
calling for small batch sizes and highly
homozygous populations. Bioinformatics
(Oxford) 26:2952-2960.

Yoshihashi, T., T.T.H. Nguyen, and
H. Inatomi. 2002. Precursors of 2-acetyl-
I-pyrroline, a potent flavor compound
of an aromatic rice variety. Journal of
Agricultural and Food Chemistry 50:2001-
2004.

Zhao, K., M. Wright, J. Kimball,
G. Eizenga, A. McClung, M. Kovach,
W. Tyagi, M.L. Ali, C.-W. Tung, A.
Reynolds, C.D. Bustamante, and S.R.
McCouch. 2010. Genomic diversity and
introgression in O. sativa reveal the impact
of domestication and breeding on the rice
genome. PLoS ONE 5:e10780.

Doanew - Jyua 2013

67



