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Submergence tolerance validation of F3 rice lines for developing
aromatic rice lines tolerance to submergence and resistance to blast

and bacterial blight
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WAU FR13A (PPE = 27.25, PPS = 95.04, PR = 90- 100) uay IR57514 (PPE = 24.83, PPS = 96.66,
PR = 90-100) WAWAAIAMNLANFANINISATAaeladnAty (P<0.05) Audnaiugananenued 105
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ABSTRACT: The research was aimed to validate submergence tolerance of F3 rice lines carrying
Sub1 gene derived from Khao Jao HomWarin (JHW) genetics background. The 25 selected F3 lines
obtained from a cross between UBN14008-858-1 carrying blast resistance QTLs on chromosome
1and 11 (gBI1 and gBI11) and RGD13215-MS13-MS37-MS68 carrying bacterial blight resistance
genes on chromosome 5, 11 and 6 (xa5, Xa21 and xa33). The parental rice lines were derived from
JHW and both of them carrying Sub7 gene. The improved F3 rice lines were developed through
pedigree breeding method and marker-assisted selection (MAS) was performed to select target
genotypes underlying traits of interest. R10783indel marker, specific to Sub7 gene were employed
to corroborate that the 25 F3 rice lines carrying homozygous alleles of Sub? gene. Submergence
tolerance evaluation of these F3 rice lines was carried out to validation the efficacy of MAS. The
traits responsive to submergence were measured including percentage of plant elongation (PPE),
percentage of plant survival (PPS) and percentage of plant recovery (PR). The results showed that
average of PPE, PPS and PR of F3 rice lines were 27.51, 85.26 and 90-100 respectively, which
were not significance difference from those of female parent UBN14008-858-1 (PPE = 28.46, PPS
=80.24, PR = 90-100), male parent RGD13215-MS13-MS37-MS68 (PPE = 23.85, PPS = 84.43, PR
= 90-100) and submergence tolerance check varieties, FR13A (PPE = 27.25, PPS = 95.04, PR =
90-100) and IR57514 (PPE = 24.83, PPS = 96.66, PR = 90-100). Nevertheless they were signifi-
cance difference (P<0.05) from those of susceptible check varieties, KDML105 (PPE = 65.84, PPS
= 33.90, PR = 20-39) and RD6 (PPE = 47.02, PPS = 9.00, PR = 0-19). The results from present
study confirmed that the 25 F3 rice lines tolerance to submergence. R10783indel marker effectively
displayed MAS efficacy for submergence tolerance in rice breeding program.

Keyword: rice breeding, Sub7, submergence, marker-assisted selection (MAS)
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(Jantaboon et al., 2011)], Bu1aueslulagnn
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UFuilqe F_ 91uan 25 @neniig
mssziiuanuansanutvians unay
Tudnaananuguiuilge F,
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S TP IR ESTREN F ‘Lmﬂuuummwumm
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25 X 25 euRmms TneBaufsuiiaiewigus
UBN14008-858-1 @neniufwa RGD13215-MS13-
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Udeatreaninnisiuiindeyanistinfangs
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n19Useiu
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PHA- PH &
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PH
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Tneidi PH = mfaﬁuzgquaqéw’u?‘ﬁﬁquﬁqﬂzi@ﬁiiyw
vinuanulag (Plant height after submerged) 5
PH_= Anugeaesiuinanievanst
yinuannias (Plant height before submerged)

wesidusnissantan ~ (percentage  of
plant survival; PPS) tuALanImNgImne
lunissendinvessiuinondeandiuaniaziin
viandaerzazinamil TnaAuguanduubiu
fnavagran nasannnlaesieanlsranns 7
T slafnuIusiudinavianug seAunfsliinziuuag
921979 0-100 wledidus Tae 0 wladidus unne
D9 Fiudinamennéiu uay 100 wWafidus uniehs
Audinnsandanvnsiu (Siangliw et al., 2003)

NPa

PPS = x 100

NP
B

1nad) NP = Snudutinisandiaianun
(Number of plants after submerged)
3 NP = uIUFIUETITNAnaulaas
Tvian (Number of plants before submerged)

wladifusnsfiusavasinan  (percent-
age ofgplant recovery; PR) ﬂizlﬂummgﬁmm
TunsWusaresfiuitandaannnislaeatinesn 7
Tuinawrinnsliazuuuusiailu 5 szl AB AT
1 udaad fiudiannsoudandslifuanim
LATEARINTNYIAN 90-100 lefifiud, Azuuw 3
uaad1 dnaunsadudandsldifuanimiazen
antwiay 70-89 wlefifusd, Azuuu 5 LaAsd
draunsaWusanaaldFuan1niAsananin
viaw 40-69 wafifud, Azuuu 7 uansdy 40
gunsaudnaliFuan1nATe AN TNaN
20-39 \wefifud uar Azuuw 9 uAAd) §1n
gunsaudanaliFuan1niATe AR NTLNYaN
0-19 wajidus (IRRI, 2002)

N5 TaNANINADA

AAziAuLLlslTuNNans  (Analysis

of variance) LL@%Lﬂiﬁzﬁ@uﬁmﬁuﬁrﬁnﬂﬁLﬂﬂa?L%uﬁ

nnstinfane liannzsnvianwazasidusinng
sandingesdinasneiug F o #9ed5 Pearson
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moment correlation uazttRenifeunadelng
%33 Least Significant Difference (LSD) Test lagl
1%l1sunsn STAR-statistical tool for agricul-
tural research (version 2.0.1)

NAN15IAe

N5USLLHUAMNFINITONUUININRLNAY
Tudhaaneiugilsulgs F

wadiduanistnmrasdinamelaanio:
Yinviau (PPE)

nan1sdsziiudefiduinistinsaresdng
anenfugliuye FuBauiisunudaneiugul
UBN14008-858-1 uavaewugna RGD13215-
MS13-MS37-MS68 wardinawugnsaaaay o
AUIIAINd ey AR NgeTessiudnneul st
i1 (plant height before submerged; PHB) WAy
fayamnngaasfiudtudilaesinvion 14 du
(plant height after submerged; PHA) ‘W‘LI')"] dnang
WugLlFnlss F, filefidusnnsfinsaeas 27.49
(19.44-36.41) Imﬂmmwuﬁ UBN16195-MS7-MS31 &/
Lﬂm‘uﬁumm@mmmqm 19.44 uaz@viug
UBN16195-MS12-MS66  HiLlefidusinstinsngegn
3641 wafifudnistinsieduresdnaansiug
sl F, ldunnANan9anA (P<0.05) e e
wmmumqmawumm UBN14008-858-1 uazane
Wufwe RGD13215-MS13-MS37-MS68 uaziiig
FR13A waz IR57514 Faluiignuiviandimau 7
flefdudnistinda 23.87, 23.87, 27.24 uay
24.82 mNA1AL (Table 1) mmxﬁ%mmﬂﬁuﬁ:ﬁq
NANLAAIANNLANANNINEDR  (P<0.05) e
wWranieuiuefidudnistiadazesinaea
ABNNLA 105 LAY N6 sn\uﬂuwuﬁ”l,mummmu
NAY mmﬂmmummmmmqqm 65.85 LAY
47.03 MNANAU (Table 1, Figure 1)

wadiduAn1ssandinuasdng (PPS)

nan13tsziiudefidusinnssendinaeedinn
ARSI TTEN F AU 25 @1Rg e
mﬂmumqmﬂwumm UBN14008-858-1 A%
aneugne RGD13215-MS13-MS37-MS68 Laz
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fnasiugnarasey  Awanilngliiegasuinsu
draiavnaniaullanaiinyian (number of plants
before submerged; NPB) WAZATUIUBUTNITeR
Fpuaaaestinvian 14 334 (number of plants
after submerged; NP) WU %wqmaﬁuﬁj
Uinlys F fnlefifudnissendinieds 82.12
(59.05-95.47) (Table 1) Ingianeug UBN16195-
MS8-MS9  Hilafiiusinssantingiqgn 95.47
WazanEug UBN16195-MS12-MS72  §
wledidusinssesTinAngn  59.05 N1390ATIA
wagresinaeiugiliidy £ lduansiann
g0R (P<0.05) wHelBFauieuduesidudnig
s0ATR R8G9 A 8 U UBN14008-858-1
wazaneugne RGD13215-MS13-MS37-MS68
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uaTWug FR13A uaz IR57514 ﬁﬁluﬂuﬁuﬁfwuﬁyﬁ
viaudunau Nilefiduinissendin 80.24, 84.43,
95.04 WaY 96.66 MNAAL IUzdNa il
NANLAANAINNLANFANNNINADR (P<0.05) LiD
wWheuwauiuulefifuinisrentinuesiuiin
71908NNER 105 uaz n16 Teduiuglinui
yianaunay Teilidesidusn1srentinives 33.52
WA 19.05 ANAIAL (Table 1, Figure 1)

CRUNRFCICERE LR SR AL
wesifuinistasaesdiianielfianiazinvian
wzdeiduinissendineesdae wud A
Fulsr@viaanduiidues PPE AU PPS HAnwiniy
-0.50** (P<0.01)

Table 1 Percentage of plant elongation (PPE), percentage of plant survival (PPS) and percentage

of plant recovery (PR) of 25 F3 rice lines, female parent (UBN14008-858-1), male parent
(RGD13215-MS13-MS37-MS68) and check varieties

No. Lines/varieties PHB PH PPE NPB NP PPS PR”
1 UBN16195-MS4-MS16 36.67 45.92 25.22 42.00 36.00 85.71 1.00
2 UBN16195-MS4-MS22 35.08 47.08 34.21 60.00 45.00 75.00 1.00
3 UBN16195-MS4-MS39 36.89 47.64 29.14 59.33 41.67 70.23 1.00
4 UBN16195-MS4-MS41 35.83 44.50 24.20 41.00 32.00 78.05 1.00
5 UBN16195-MS5-MS9 35.25 45.58 29.30 49.00 40.00 81.63 1.00
6 UBN16195-MS5-MS17 34.25 43.25 26.28 68.00 58.67 86.28 1.00
7 UBN16195-MS6-MS18 33.75 4417 30.87 32.00 29.67 92.72 1.00
8 UBN16195-MS7-MS5 36.67 44.50 21.35 61.67 45.00 72.97 1.00
9 UBN16195-MS7-MS14 34.17 43.33 26.81 36.00 33.67 93.53 1.00
10 UBN16195-MS7-MS23 35.92 44.42 23.66 51.33 48.33 94.16 1.00
11 UBN16195-MS7-MS31 36.00 43.00 19.44 37.33 30.00 80.36 1.00
12 UBN16195-MS8-MS8 37.17 47.50 27.79 59.33 42.00 70.79 1.00
13 UBN16195-MS8-MS9 38.25 46.92 22.67 29.33 28.00 95.47 1.00
14 UBN16195-MS8-MS22 34.92 45.25 29.58 58.33 42.00 72.00 1.00
15 UBN16195-MS8-MS53 34.42 43.33 25.89 48.00 44.67 93.06 1.00

Remark: PHB: plant height before submerged, PHA: plant height after submerged, NPB: number of plants before submerged, NPA:
number of plants after submerged, PR: percentage recovery (1 = 90-100%, 3 = 70-89%, 5 = 40-69%, 7 = 20-39%, 9 = 0-19%), ns =

non-significant, * significant at 0.05 level,

Mean of the 25 F3 rice lines, ¥ Data analysis after arcsine transformation
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Table 1 Percentage of plant elongation (PPE), percentage of plant survival (PPS) and percentage
of plant recovery (PR) of 25 F_ rice lines, female parent (UBN14008-858-1), male parent
(RGD13215-MS13-MS37-MS68) and check varieties (Cont.)

No. Lines/varieties PH_ PH PPE NP NP PPS PR”
16 UBN16195-MS10-MS12 32.25 42.42 31.53 35.67 33.00 9251  1.00
17 UBN16195-MS10-MS18 36.25 45.92 26.68 63.67 38.67 60.74  1.00
18 UBN16195-MS12-MS17 35.00 47.00 34.29 53.33 45.00 8438  1.00
19 UBN16195-MS12-MS41 37.58 45.67 21.53 45.00 42.67 9482  1.00
20 UBN16195-MS12-MS45 36.00 48.00 33.33 41.33 38.33 9274  1.00
21 UBN16195-MS12-MS63 36.42 45.00 23.56 55.00 42.00 76.36  1.00
22 UBN16195-MS12-MS66 34.33 46.83 36.41 63.67 50.00 7853  1.00
22 UBN16195-MS12-MS67 37.42 47.58 27.15 53.33 47.33 88.75  1.00
24 UBN16195-MS12-MS72 37.67 46.33 22.99 97.67 57.67 59.05  1.00
25 UBN16195-MS12-MS82 33.42 43.33 29.65 81.67 68.00 8326  1.00
26 FR13A (tolerance check) 37.83 48.14 27.25 40.33 38.33 95.04  1.00
27 IR57514 (tolerance check) 38.83 48.47 24.83 50.00 48.33 96.66  1.00
28 KDML105 (susceptible check) ~ 40.75 67.58 65.84 40.33 13.67 33.90  7.00
29 RDS6 (susceptible check) 36.92 54.28 47.02 29.67 2.67 8.93 8.33
30 UBN14008 (female parent) 35.42 45.50 28.46 54.00 43.33 80.24  1.00
31 RGD13215 (male parent) 34.92 43.25 23.85 55.67 47.00 84.43  1.00

P-value ns * * * * * *
LSD (0.05) - 4.45 13.14 31.46 23.17 19.88  0.33
Mean" 35.66 4538 27.34 52.92 42.37 82.12 1.00
%CV 8.61 5.80 25.92 38.08 36.04 1538  12.72

Remark: PHB: plant height before submerged, PHA: plant height after submerged, NPB: number of plants before submerged, NPA:
number of plants after submerged, PR: percentage recovery (1 = 90-100%, 3 = 70-89%, 5 = 40-69%, 7 = 20-39%, 9 = 0-19%), ns =
non-significant, * significant at 0.05 level,  Mean of the 25 F3 rice lines, # Data analysis after arcsine transformation
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Figure 1 Percentage of plant elongation (PPE) and percentage of plant survival (PPS) of 25 F3 rice
lines comparing to UBN14008-858-1 (female parent), RGD13215-MS13-MS37-MS68
(male parent), FR13A and IR57514 (submergence tolerance check varieties) and
KDML105 and RD6 (susceptible check varieties)

¢ @ o a” s [ >3 e"
LasttuAnN1IsNUAIUVRITIIURIUIAA
(PR)
a dy o v
NANI9U LN UAZLUUNITN WA URITNIAE

Wuglitnlgs FSwan 25 anenfug ulauiiey
Audnaanewugusl UBN14008-858-1 uazane
Wugwa RGD13215-MS13-MS37-MS68 LL@V%"I'J

uﬁ:mrmmu wudn aaneiugliusly oA

14 Sub? m%mumaﬂumm@ﬂ 1.00 A 419
mmwugmiﬂmqmuﬁqummﬂmuamw
iAeAANIIaNELNAULA 90-100 wledidust T
weInsinenWatia Wal Beuauiudiinaianugus
UBN14008-858-1 uazaneiugne RGD13215-
MS13-MS37-MS68 unziiug FR13A uae IR67514 s
duiugnutiviondundu Plazuuunisiludia
Winiu 1.00 mmﬂ%’mmaﬁuﬁﬁmdmme\‘imm
WANGINGTATIA (P<0.05) Lml,ﬂ%ﬂumammmuu
m&Wummmmqmqmnwa 105 uaz N6 oy
wuﬁjlwummuguwau wmmuumwlumlmﬂy
7.00 Aa@NNTaNUF AT lRFUdn1NATEIARINTN
viondunalBiie 20-39 wesidus uazazium 8.33

llﬁ

A d’l o o Yo = 091 1
ARANHIDNUAINAI LA FUANINLATEARNINLNTIAN
FUnaulAINe 0-19 1la5iFus muansL

F5UNAN5INEY

ANN"9U TR UAMN AT TN A NS
W@uiuﬂmqmﬂwuﬁﬂiuﬂﬂ F AU 25 @nel
g SeEiududnlEy Sub? Iuiﬂt,mumﬂwumm
Tne i asuang R10783indel Wi Fnyaneniug
Pitlgedingn uanspaINgINNTanUinyiaNdl
NAU sdﬁqﬁﬁﬁimﬂmﬂLﬂ@ﬂs‘ﬁuﬁmiﬁmﬁwm?ﬁmmﬂ
Tianmziwion (PPE) waifudnssendinesding
(PPS) LL@mﬂ*a%?v'ﬁuﬁma‘?\luﬁqqﬁaﬂmm (PR)
inaugTiunstssiudnuousyutiviondundl el
ARG 27.34, 82.12, uay 90-100 (ﬂ’]ﬂ“’LLuu
Wil 1.00) mNuATaL m”l,mmnm\immamm
Whaunauiuiteanawugnaud G
aInguiugnesnresdnaianensiu Inglisu
B Sub? WrAMNdaRug IR57514) uazding



KHON KAEN AGR. J. 48 (5): 1056-1067 (2020)./doi:10.14456/ka}.2020.95.

o

Wug FR13A Faduliniuilenszmatuie 3
AnenienuliandLwal B Sub7 AvuANANEE
N vianaunailuding (phenotypic variance ex-
plained) Qaﬁaleg ulefidiust (Xu and Mackil, 1996)
Tngasnihndugsnisasaeian i sinainng
uladuazmstinfaeisiulionat uazaninng
detsgargarilulamen  iiweiAuFnmn 1414w
WAL UFVRTNan A $1anusinviausy
‘Wﬁ/u (tolerance lowland rice) AIRINTDIDATIR
LL@yV\Iumimmmmm (Fukao and Bailey-Serres,
2008) mmmmfﬂmummu (|ntolerance lowland
rice) @‘vwmmummmumuamLWfammm“mLm
LL@zLL@nLﬂ@ﬂumm@@mmunummﬁ daalifiin
naldanilulamsiazanludrdiununliaun
aztindaugiiaun Mliinanisniavesdinanie
FHanzivianduna egrelsnimu wuandng
aneiug iUl F Apanueuusreadefidus
n"770ATIM (59.05 95.47) wazilafidusinistin
mummnm@m (19.44-36.41) Yainilunannann
AnwuznuliiandunsuuenangnALANEaL
gunan Sub? uu‘lﬁm‘lﬁuisnw 9 uaa ganudndl minor
QtLs uulastuland 1, 2,5, 6, 7,9, 10, 11 ua 12
(Siangliw et al., 2003; Toojinda et al, 2003) Talei
sadnmnizdinand uanantidadavinazeyanm
wandendinunaadas 1Hun Auguaesti uag
ANdinaaslas Ldusiu mm@mmﬂmmu@ma
s0nT3m  wazilefidusnnstianfandsanninan
(Xu and Mackill, 1996; Siangliw et al., 2003)

AMNNNIANENTRITRTILY wazAE (2553)
wudrinaeiugaularesdinanenuzd 105
N8 Sub? (KDML105 plus Sub7 region) {n1s
fafn AriiAcudealy LL@”Lﬂﬂ%Ls‘ﬁuﬁmﬁfqm
T LLMﬂmq@mquuﬂmﬂmmmnm (P<0.05) 1 e
aBendeuidnnaneenuza 105 ALifEy Subt
NNMIRIREELINNIUARIEaNTBsEufiatazs (57K
affymetrix) WL §19919m8NNEA 105 NlE Sub? |
nsuanseanyasiilurtaunisaataaniiulamse
ARAY emLLﬂwﬂmuﬂunfm‘l,mq@faﬂ*‘u@wulu
muqun’mﬂaﬂumm@Lfluuﬂwmmqmqm@ﬂ

NEA 105 NHNNFUAAIBDNFIDY 6-7 1

1064

N@ﬂﬁﬁ‘ﬁm&’]ﬁ%ﬁi@@ﬂﬂﬁ'ﬂﬁﬁumuﬁﬁlﬂ‘ﬂ@d
Toojinda et al. (2005) N/Futlyeiuginnananen
nzd 105 Winwwwondunau 13an1suiudlss
WuguuLRANNAL uazlFunistnenentiy Subt
WA ndnn FRI1BA wudn dnasneiugiliulye
Lmmmwmminwuﬁwiqmﬁfuwﬁuimﬁ
wefiduinissentinafeiviniy 80.91 iiwiRen
AUNMIANENYRY ATASAR LaTATUY (2555) WU9N
fnaanenlfunlee F [anguanszudng Jasmine
IR67514 (BCF) Wity Sub? riudinnaneiug
RD6-Blast (BCAFC-})] ummmmmwummmu
waulsn Tnedilefidusinissentin waewiiy
63.77 WhtumauiuWug na6 Nluieu Sub? &
wesiduin1sendimnies 8.10 uazdanndesiu
MsANENZes anniil uazAny (2560) wuddiaidn
venAeufies BC | AillElu Sub? angu
Wugnasndinadmenaiudanuaunnlunimu
tvhudunduliduedineg Tnadulefifuinissen
Tn wediduinstiasi uazmsuinresiiandsii
am @AawNL 79.12, 17.22 uag 70.89 (ANALLL
WiInL 3.26) AMNAIAL

anuaMsAnE wudh wediduinstindazes
dranelfianiazsinvian (PPE) Henduilsvdvia
gudusius L lhrnnansaiuding (- = -0.50%) Ay
wefidusinssendinzesdnn (PR) etediitid Aty
n19adn (P<0.01) Inediniiilefifusinssendings
azilafifusinistinsiamn (Figure 1) danndesry
71811 Toojinda et al. (2003) way Siangliw
et al. (2003) wun wesidusnissendanuaading
gy Sub1 Az LLﬂimnmun‘uLﬂmmumma‘ﬂmm
2a9i19MaIHNIaN ‘Emﬁumzﬁ“uﬂivammﬁmwuﬁ
Winfu -0.57* uaY -0.46** MNANFL mmﬁum@
aInnMsinLeesEl Sub? uulasTulangi 9 s
Nendesiunisannistinda n3senTin waznne
Wushgasinnigliianiaziiivion nsAneALl
ansnsndugulidniinnanawugiliules F ARy
Sub1 @Wﬂﬂjuwuﬁﬂﬁ‘wﬂmL@WM@NQ’]?%N@Q’]N
annnsanuiviandunauliidueteg dnae
Wufuiudenatazinlldgnaeemdniug
Waldlunisdssiiuaauainnsafinuniulsa
sl wazlspveuluutiesiald



1065

a71lnansiae

mnmiﬂi:Lﬁumwmmmwui’fﬁﬁwﬁu
waulufinanenfugiliudge Fndu Sub? lugd
LA ERUGUA A1uau 25 anesiug wudn 479
mwuﬁﬂmﬂmm\‘mmqumwmmmmum
VinsunglE ﬂm'wuLﬂfaiuﬁummmmmm%u
wlediduinissenTings Sadurius o5 Fus
nsNUAITe9d1maTnan

nRAnssNlsznA

mu%”ﬂ?ﬁﬁ‘?ummﬁummqﬂmmﬁuﬁm%m
mendaniuazinaluladlne (TGIST) dn1inanu
wauNAIngAaniuazmaluladuiena donn
FMU 182 TG-22-24-59-025M TATNN19ENszALl
anssnuzindae Inenagirslinaouainisnlu
nsudedy uunAneduguasTent  Usvan
Tautlszunns w.e. 2561 LazAUZINHATIAGRT
NUINYNRUGUATI TN

LANANSA9DY

o d" v o a a aar
BUNNIA [TALNY ANAY AYAAN ATNT NBAUNIANG

T9ENT GAUAT UAZHINT INFIIN. 2561,
netlszifinauiunulzasenluuiie
uaznIgRsIasaLATasNne luanadae
ARiARNEY xa5, Xa21 WAy xa33 luan
WugWauliNaWmunanaugdinaén
vanAunulsazerlunds.  Tu nng
Uszagaanisdinouienngd a3 5 Jun
23-24 woun1AN 2561 o4 Tausuidu
NI1AUdITNITUATARIIUT WG WA T
WRSTRUE NN, 72,

aninil unl Anan A9AAN BIgNs faumn
gleassns Azadind uaz ding N,
2560. nalszifiuanwoisnutiviondy
wmummmulummmwwmmwuﬁ
Uf1lgs BC F_ #illEu Sub?. uiunuss.
45:1105- 1111.

uAWNEAT 48 21fUf 5: 1056-1067 (2563)./doi:10.14456/kaj.2020.95.

Amtnny tilatu aunad AIENAT WAT BNTA
197049AM3. 2553. mmmpwﬁwmmm
LI P ARG DERTE LY
Sub? NUFeEWIIAUNNNelRaN19TN
viaudundufaeinailnfidussis. u
natlszguinnieiawims Afslguomd
R 15-17 SunAN 2553, t BNANIENTTUNA
50 I svivenfenemIrngss Anenm

_ LN RPN, 9.

ATATAR Tuned TN FAuAT Wz gINg e,
2555. nsiATasunefeuetasle
nsgangusinumiulsaludidingdnans
wugifuilgy IR57514: nsusuidu
ansraenuinviaudesfineallszanns
F. WNWINAT. 40: 417-423.

3G WG RIIA 1R5UNE FTINIINEEN WYIDWA
4rityny) ARRWANA LAz leseny Prating
2558. NAIWAUNANaWUgENg  Jasmine
IR57514 ”Lumumuimiumm ZINAE
m‘vimMmm@‘immmmm@‘ﬂmﬂm
Lm'a\mmﬂ‘iuL@q@mﬁ‘lummmmﬂ.
QUATITHNT, ALULINHAIAINT HRNENAE)
AUATIENT.

dndnouAsegianisinens. 2562, dayanis
NARAUALNEAT 10w defimne
Ugn uands uazHandnsals 1843R
Lmﬂmwﬁ’uﬁﬂmﬁzﬂqn 2560/61. http://
www.oae.go.th/view/1/AN3LARNITNE
azieandnnundTH-TH.  Auwdla 10
NOBAAN 2562.

Afrin, W., M. H. Nafis, M. A. Hossain, M.M.

2018.
Responses of rice (Oryza sativa L.)
genotypes to different levels of sub-
mergence. C. R. Biol. 341: 85-96.

Ayres, N. M., A. M. McClung, P. D. Larkin, H. F.
J. Bligh, C. A. Jones, and W. D. Park.
1997. Microsatellites and a single-nu-

I[slam, and M.A. Hossain.

cleotide polymorphism differentiate ap-
parent amylose classes in an extended
pedigree of US rice germ plasm. Theor
Appl Genet. 94: 773-781.



KHON KAEN AGR. J. 48 (5): 1056-1067 (2020)./doi:10.14456/kaj.2020.95.

Chunwonges, J., G.B. Martin, and S.D. Tanksley.
1993.
screening using PCR amplification of
half-seeds. Theor Appl Genet. 86: 694-8.
DOI: 10.1007/BF00222658.

Fukao, T., and J. Bailey-Serres. 2008. Ethylene
- a key regulator of submergence re-
sponses inrice. J. Plant Sci. 175: 43-51.

Fukao, T., T. Harris, and J. Bailey-Serres. 2009.
Evolutionary analysis of the Sub7 gene

Pre-germination genotypic

cluster that confers submergence tol-
erance to domesticated rice. Ann. Bot.
103: 143-150.

IRRI. 2002. Standard evaluation system for rice.
International Rice Research Institute.
Los Banos, Philippines.

Jackson, M. B., and P. C. Ram. 2003. Physio-
logical and molecular basic of suscep-
tibility and tolerance of rice plants to
complete submergence. Ann. Bot. 91:
227-214.

Jantaboon, J., M. Siangliw, S. Im-mark, W.
Jamboonsri, A. Vanavichit, and T. Togjinda.
2011. Ideotype breeding for submergence
tolerance and cooking quality by mark-
er-assisted selection in rice. Field Crop
Res. 123: 206-213.

Jung, K.H., Y.S. Seo, H. Walia, P. Cao, T. Fukao,
P. E. Canlas, L. Kaushal K. Ulagana-
than, V. Shenoy, and S. M. Balachan-
dran. 2018. Geno-and phenotyping of
submergence tolerance and elongated
uppermost internode traits in doubled
haploids of rice. Euphytica. 214. https://
doi.org/10.1007/s10681-018-2305-1.

Kate-ngam, S., W. Kimchaiyong, S. Wanchana,
and T. Toojinda. 2008. Association
analysis and functional marker devel-
opment of soluble starch synthasella
(SSlla) and gelatinization properties in
Thairice. In Proceeding of the 5th Inter-

1066

national Crop Science Congress & ex-
hibition: Recognizing Past Achieve-
ments, Meeting Future Needs. April
13-18, 2008. International Convention
Center, Jeju, Korea. 1-4.

Korinsak, S., P. Sirithanya, and T. Toojinda.
2009. Identification of SSR markers
linked to a bacterial blight resistance
gene in rice cultivar ‘Pin Kaset'. KKU
Res J. 9: 16-21.

Korinsak, S., P. Sirithanya, and T. Toojinda.
2014. Identifying a source of a bacterial
blight resistance gene xa5 in rice variety
‘IR62266° and development of a
functional marker ‘PAxab5’, the easy
agarose based ditection. Thai J. Genet.
2014.7:164-172.

Mackill, D. J., A. M. Ismail, A. M. Pamplona, D.
L. Sanchez, J. J. Carandang, and E. M.
Septiningsih. 2010. Stress tolerance
rice varieties for adaptation to a chang-
ing climate, Crop envi. bioinfor. 7: 250-
259.

Ray, B.P. 2018, Genetic analysis and develop-
ment of submergence tolerance rice
(Oryza sativa L.) lines through MAS,
[JCAM. 1: 244-249.

Siangliw M., T. Toojinda, S. Tragoonrung, and
A. Vanavichit. 2003. Thai Jasmine rice
carrying QTLch9 (SubQTL) is Submer-
gence tolerance. Ann. Bot. 91: 255-261.

Susilawati, H.L., and P. Setyanto. 2019. Climate
change adaptation and mitigation
strategy through submergence tolerance
in rice. IOP Conf. Ser. Earth Environ. Sci. 250.
doi: 10.1088/1755-1315/250/1/012030.

Toojinda, T., M. Siangliw, S. Tragoonrung, and
A. Vanavichit. 2003. Molecular genetics of
submergence tolerance in rice: QTL
analysis of key traits. Ann. Bot. 91: 243-
253.



1067 LANEAT 48 21TU7 5: 1056-1067 (2563)./doi:10.14456/kaj.2020.95.

Toojinda, T., S. Tragoonrung, A. Vanavichit, J. L. Xu, K., X. Xu, T. Fukao, P. Canlas, R. M.

Siangliw, N. Pa-tn, J. Jantaboon, M.
Siangliw, and S. Fukai. 2005. Molecular
breeding for rainfed lowland rice in the
Mekong region. Plant Prod. Sci. 8: 330-333.

Xu, K., and J. D. Mackill. 1996. A major locus for

submergence tolerance mapped on
rice chromosome 9. Mol. Breed. 2: 219-224.

Rodriguez, S. Heuer, A. M. Ismail, J. B.
Serres, P. C. Ronald, and D. J. Mackill.
2006. Sub1A is an ethylene re-
sponse-factor-like gene that confers
submergence tolerance to rice. Nature.
442: 705-708.



