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Development of Rice Introgression Lines with Brown Planthopper Resistance and

KDML105 Grain Quality Characteristics through Marker-assisted Selection
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Abstract

In this study, a simple sequence repeat (SSR) analysis was performed to identiiy and localize the
Bph3 gene derived from cv. Rathu Heenati. For mapping of the Bph3 locus, the backgross population, BC3F2,
from a cross of Rathu Heenati x KDML105 was developed and evaluated this iar I3PH resistance. Thirty-six
polymorphic SSR markers on chromosomes 4, 6 and 10 were used to survey 10 resistant and 15 susceptible
individuals from the backcross population. One SSR marker, RM190, n ghromosome 6 was associated with
resistance and susceptibility in the backcross population. Additiorial SSR markers surrounding the RM190
locus were examined to define the location of Bph3. Based on tte/linkage analysis of 333 BC3F2 individuals,
it could be able to map the Bph3 locus between two flankirig SSR markers, RM588 and RM589, on the short
arm of chromosome 6. The tightly linked SSR markei; weie further used to develop introgression lines (ILs)
with essential grain quality traits and BPH resistan¢de) The linkage drag between Bph3 and Wx® alleles was
successfully broken by phenotypic selectionintogiated with marker-assisted selection. All fifty-one selected
ILs developed in this study showed a brod d/spectrum resistance against BPH populations in Thailand and had
KDML105 grain quality standards. Firaiy“this study was revealed that the ILs can be directly developed into
BPH resistance varieties or can/gerused as genetic resources of BPH resistance to improve rice varieties with

the Wx” allele in rice breedin{ pograms.

Keywords : brown plaatiiGpper, Nilaparvata lugens, marker-assisted selection, SSR, allele, KDML105
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Fig. 1 Scheme for the development of BPH resistance introgression lines with details of markers

used for foreground and background selection
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Table i\, Target molecular markers for marker-assisted selection

Primer sequence

Niarker Type Chr Trait

Forward primer Reverse primer
RM190 SSR 6 AC, GC gctacaaatagccacccacacc caacacaagcagagaagtgaagc
BO3_127.8 SSR 8 FR cgtggctcgacctttttaat tcaaaccctggttacagcaa
GT11 STS 6 GT cgagcgagggtttactgttc ggaggaaacagcagcaactc
RM589 SSR 6 BPH atcatggtcggtggcttaac caggttccaaccagacactg

AC = amylose content, FR = fragrance, GC = Gel consistency, GT = Gelatinization temperature,

BPH = brown planthopper resistance
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viadlinnnmguanauiaduam 100 wia STk
YSunauaiilas (amylose content, AC) s iudly
&N (gelatinization temperature, GT) LAZAUAIAIVD
uilsqn (gel consistency, GC) ¢MUATN3VaY Lanceras
uazame (2000) uazlimazuunanunanlasnisas
eMUADNNIVBI Wanchana Uazate (2005)

Naﬂ'li‘nﬂaa\‘ill,a$a%'13ﬂf

1. MsAumeunissasiuaunmianslan
frnanaundluning

1.1 ANUTIUNIUVINUDLE ,uw"'uﬁn@iamﬁys/
nszlandiina

mnmsﬂiuﬁutuﬂfmﬁmmumaaﬁufﬂj’n
Rathu Heenati u@=5010anusd 105 datwaonszlaa
Finana wuid WWT Rathu Heenati drunmuwldans
luszoznapszuzuanna lummzﬁﬁ'u'nfmn@anma
105 aullavisadszes (Table 2) SwSLNaNANLF N
{0299 uT Rathu Heenati dauwapnszlansinana
MNNITNARBUAINTOULAZAAIINNTABEIAT
(Jairin, 2008) AATIENBITANUTIUMUINATY
Foanuaunidiad meluduinnigusnsinamis
yoawasnszlanitiias

ANINAFEUANMNAIUNIWLBIUTETINTT
BC,F, $7mu 333 muwug luszozuanne wuin &
MINTEANLAIVBIANBUSTI UM ULAZE UL LUI AT
3:1 (x> =0.03, P < 0.86) %@ﬁa%ﬁoﬁuﬁmuqué’nmmx
M i ula g B wae LANURN M NT
wovlisuysohiflasnnwumoiugsulnalungy
UMNULEAIANH AT UMBIUITAULIUNRN (Fig.
2)

1.2 FuniIvaIudI UL Bph3 Und luuyi
Fumdunisvesdudunu Bph3 lasda
L§anua:é’f@nﬁjumﬂﬁuﬁ:ﬁmmmm:dauua@iamfgﬂ
nszlaadinena andsznsdna BC.F, nguaz 15
Ut Aanzimdundudunulasliluana
LA389MANY SSR $1WIn 36 dlwswas uulaslulay
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Table 2 Average damage score of the parents to brown planthopper at

vegetative stage (seedling and tillering stages) of rice plants

Seedling stage by SSBS

Tillering stage by MMTS

Cultivar
7 DAl 10 DAl 14 DAl 7 DAl 15 DAl 23 DAI
Rathu Heenati 1.0 2.2 2.4 1.0 1.0 1.0
KDML105 6.5 8.9 9.0 5.0 9.0 9.0
TN1 7.0 9.0 9.0 5.0 9.0 9.0

DAI = Days after infestation

Damage score: 1 = very slight damage, 9 = all plants dead

4 6 uaz 10 USmfimaiasdudiunisuastn
MUNIUINNATINEINWVDS Kawaguchi LAz
(2001), Sun UATATHE (2005) WAZ Yan WA (2002)
maauhlLaqaLﬂ'%'ammﬂﬁ'uﬂsjwéﬁummm:dauu,a
WU ﬁLﬂmImaqaLﬂ%ammm RM190 uulaslulaw
6 ﬁmmsmmnﬁLﬁmamaaﬁnaiunéuﬁmmmm:
sauanananiwldasetaan ugasinduiietes
ﬁué’nwm:ﬁmmuﬁ@‘hwmag'sl,nﬁﬁ'ﬂmaqal,ﬂ%m
Wiy RM190 ﬁmﬂwmqam’%ammuu‘%nmmu6]
Funis RM190 LﬁmamLﬁamimaqam'%ammyﬁ
NBARY Bph3 inBadin uaztin lUSa =W iua @
flandszmnsdn BCF, §1w7u 333 WEMug
MNUWIATIZHM linkage group way@uieidBudn
mulaslsldsunsuaeuiines JoinMap 3.0 waz
MapQTL 5 InHan T MzRadsiuiutvatoya
WulnidrudlulnidvegussiqneBC F aansniudu
dunisvasdudrunnBph3 uulaslulay 6 agving
MNENNAUIVEI Ao tn19danuen short arm
Rﬁﬁﬂmaqmﬂéummﬂ RM588 uaz RM589 lagil
dunibapli .5.1ﬁIwLaqaLﬂ'§'ao%uﬂy RM589 (Fig. 3)
SasdIntdsnaanwardunwle Souas 60.7
Lﬁaamﬂﬁuﬁ:ﬁn Rathu Heenati 7155w Bph3
(ldkshminarayana and Khush, 1977) 8101306%411%
"Lvﬁ”mamqumm‘mmﬂv\mwaaﬂi:mnﬂw‘gﬂ
nszlaadrinans liansludszmalnouddsdunin
dotszansfinuludszinaa Goawy Tu t‘fjﬂiu
1A WAUTud Taaaina uazunsdszannsluduids
(Angeles, et al., 1986; Jairin et al., 2005; Khush, 1984;
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rig\2 Frequency distribution of BPH damage rating

of a mapping population by the MMTS

Ratha Heenati x KBPMIL16GS
Chromosome 6

RM3353

RM589
RM386
RMS88

EMS8101 RM190
4.3 bphd
RM2064

-

Fig. 3 Linkage maps of the BPH resistant gene Bph3
on short arm of chromosome 6. The distance
between markers was in centiMogans (cM).
The solid bars indicate the location of the BPH

resistant gene Bph3
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Li etal., 2002; Soundararajan et al., 2004; Velusamy
et al., 1995) Gai S9N EIUAZIL AT LA
vosdudumuunlasluloulunuidiamns lu
JTULUIN WUIN Bph3 Uae bph4 Adunidlnanuun
Tasiulay 7 Tawld trisomic analysis (lkeda and
Kaneda, 1981) ©n33uidad1 Bph3 N4MBLHUK
laslulan 4 (Yan et al., 2002) udgslddinstingu
duniivasiiu Bph3 luiustni Rathu Heenati 6ian
lafisnsnunsdunudunisvasdumumunanie
WuB912 Rathu Heenati uulaslalay 4 (Sun et al.,
2005) %a‘lé’lﬁmaqam’%am angludunitaiinisau
wusmaseunulszmnsInalsanunlun st uels
‘wuhlLaqaLﬂ%’lammUl@ﬁmmﬁwﬁuﬁﬁuﬁnmm:
ﬁﬁumulumjuﬁmmmm:éauLLa ANMVLANG
durisaasdudunuiinulunismesasiinuvas
Sun UazAMK (2005) B1LILBINNINNANULANEAIIVES
ﬁuﬁﬁwaﬁlﬁ%’%aﬂizmﬂnmmﬁlﬁmaau agnalan
oy Inpnudunibidudunmu bphs luwuginn
Babawee uulaslalaa 6 (Kawaguchi et al., 2001)
Hawawinin bph4 Fdunialng (allelic #3a closely
linked) TuEw Bph3 (Sidhu and Khush, 1979) &9
AdaInUNIANEIA IR AN DG U svasiu Boks
vulaslulan 6 In&Audn bph4 (Fig. 3)

1.3 mmuﬂuzﬁwaaZwmqmﬂ?'as.mu

iefuduanuudnsalyt@naeiasmany
RM589 AiddunsislnaduamrhniBons lanasay
ANNA U BTl TETIREae BC,F, 41w 330

RM58S

L=

100

80

60 KDML105

+

3

40

No. of BC F individuals

20

Damage rating

Fig. 4 Frequency distribution of BPH .resistance
scores of BCaF4 based on thedvi %5 method

at the tillering stage of thewice plants

mﬂﬁuﬁjﬁ"l,@i”ﬁrmmﬂﬁ'ﬂﬁﬂf 171§ heterozygous U312tw
FUAUITUI UMY Boh3 WU NINTZNLAIVD
ANNAWM NI FIwaududunms
MWMBUIBRAN : Bakld FOAARAINLEAT 1:2:1
(2 = 1.08(F" = 0.58) (Fig. 4) UsTSnEmzdL
ULDA ;uqﬂ@sﬁm@imﬂ pafuaeluansmyy
' ,Uﬂ;jawymi FIUNIINTZANYEIVDI AR AT AL
[amqam’%iammﬂ RM589 18413z 31nT BCF, WU
ﬁﬁmauﬁuﬁﬁé’aﬁamaaﬁuf Rathu Heenati #i1ilu
homozygous ﬁuﬁLﬂu heterozygous LLazﬁu‘ﬁlﬁﬁaaa
PaINUTIINBNULE 105 #itllu homozygous FaAARDS
AUAaT 1:2:1 (x> = 1.04, P = 0.59) LTWLAINLAN A
ANUNIH LLa:ﬁrmmﬁLﬂi’lzﬁﬂj”a%laﬁ'ﬂwmzmamu
Tndsrnnudlulng Imaqam‘%ammﬂ RM589

g
MR
R
MR
MR
R
MR
MR
MR
MR
MR
R
R

Fig. 5 PCR ampilification of BCaF4 plants with the marker RM589 linked to Bph3
KD = KDML105, RT = Rathu Heenati, R = resistant, MR = moderately resistant,

S = susceptible
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unlaslulay 6 s1u1InaTUNLaN B EIWNIW AT
Yauaz 80.6  @288197aILALALAWLEN LFa1NA1T
Aanzilasluianaiaiasmuny RM589 uaztaya

anudumMusasuImeRusuaed il Fig. 5

1.4 n13uen linkage drag 32%379 Bph3 Uas
Wx* aada

nnnsAnswuhduduniu Bph3 Tuwug
117 Rathu Heenati iduwnuslnanuéin waxy (W)
fig$19 granule-bound starch synthase (GBSS) <
Fndugmiunmssaasiuedlas (Wang et al.,
1995) unlaslulon 6 Gedszuzrnersninanosas
Butlazanms 380 kb Hu Wx luWus Rathu Heenati &
saaaillu Wi GavhlwsadUsunauedlaadoudne
g9 (Isshiki et al., 1998; Sano et al., 1986) uazLua
flsidasmniafiiSun "linkage drag” $iusdasuan
fumsmaslagnsaaidanansmedwnmuluanin
LOUNARDY imﬁumﬂﬂmaqam‘%amma F3U3N
nagoUANNTIUIIBAoINaanTlaadinanaves
Usz1n3917 BCF, SwunIne 2,343 G4 AQLAaN

*
uln [; M RS589 1 3smb
i | L/ RMI19T 1.70M
1L e Bpns Eq RAM58T 2 mone
[ [ M REISED RMSE 2a3Mn
i ERMzZ04
) ' e RSHS 3. t58s
| o
[ g E =
3§ f'-? H— GT41 T.16Mb
i ]
I -~ RMLER
' [ e RMEB10Y
: ‘ + L Aamion
E_|n Hx

N 3 thu Heerati
O, KDRILABS

GUNIBNIHIIWIN 200 6% INHWLLN linkage drag
izmnﬁuﬁmmmmzﬁumuqumia%aLLaﬁIaa
2anANNK I%Tmaqam%ammy RM589 1az RM190
AALRENAUNIIUNULATNAARAATIGLAUIDY Wi
illauiugzaenuzd 105 (Wx') uazAaiianduing
lavlgluanaiaTasnany (Table 1) fidzataany
ANBHLAMNREN ANNTFAUAI UGS hazUTuhe
waRlarlunounu aatdanladundasnis 14an
(#101) (Fig. 6) tNewawdumoutdumalidrive
14
AN v & & A a
NANIINARDITIALAWDIUITZANT AN WY 9NNT
A AA . A
liluanainIasmunelunsdifiiie ikage drag 71l
ANAAANITIOW ‘5‘%m3ﬂ§‘1_|'_"gaﬁ'uﬁfl,mué'aLau
(conventional breedifigl,anadadldszaziianuas
USunawadslszaiasdhaaudaunn iineudadui by
o A A @ A A
@aIMIaana ;'uﬂmuqmnmm:muh Tomanaz
"I,éfmﬂﬁ'ufmfwmsﬁﬁaﬂm daaziAnldaniuging
wiambprninnanadazldududiuniu Bphs
. wﬁ’tﬁfﬁnﬁﬁﬂ%mmuaﬁha@iawﬁnga WY IR72,

Fig. 6 Fine-scale mapping of two loci, Bph3 and Wx® controlling BPH resistance and amylose content,

respectively. The locations of two genes, Bph3 and Wx showed in the linkage map. Graphical genotypes

of the region in six BC3F2 plants showed on the left; white blocks regions derived from KDML105 and

black blocks regions derived from Rathu Heenati. The progeny with an asterisk (#101) was selected to

develop the BCst'
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IR56, IR13540-56-3-2-1 ﬁwnﬂan 2 \iludu lunsdiims
o A A A o v A
ﬂmaarﬂ@ml’ﬂwLaqamsammamavlmﬂwu F
n' d' U [ s‘d' U A 6’; a
quiamam:"l,@mﬂwuqﬂmaoﬂﬂs ANNILINATLEE
LALEINEINIINAALRDNAN B NLNLITINY

qmmwmaamﬁmlmw:ﬂéﬁ

2. ﬂ1iﬁm%1&121ﬁ%ﬁ:ﬁ1‘)(ﬁ1%ﬂ1%tﬂgﬂﬂizfﬂﬂa
ﬁ?ﬁmau,azﬁQmmwmmaﬁuﬁfms‘li’i’tﬂ%aawmﬂ
Taana

Ugnisz1nstna BC F fldadaandu #101)
fiu4@ linkage drag aanluud wedadanlildmy
wugdumuuazlansmizes Indldoanuiuiun
AanN=R 105 I@ﬂmiﬁmﬁaﬂiﬂUIuLaqam‘%ammﬂ
"lﬁmmﬁ'uf BCF, fidaams 2 du (Fig. 1) taWaw
dusnewudiudeldauldaenug BC,F, $1uw 51
mﬂﬁuﬁf I RSUU T A UA N UM TN BATURS
nandaluulaineass anudumudawasnszlaa
Finana WazU Iz UG NN I BATHLAZNNTH

RN

2.1 ﬂmm”mmumaomyw”ufﬂ”mﬁan@imwﬁz
nszlandiima

HAIINNINARALUAMNAIUNIUVBIT N UT
dardanluszaznalasd® SSBS Aulszannsway
nszlaadinenafifinnuuandiwesiisiesnwin 6
tsz11ns WU mﬂﬁuﬁ:ﬁmﬁaﬂﬁmmﬂﬁﬁ@iaqn
132TNIUURI (Table 3) LLa@w’j'la’mﬁ'mfﬁmﬁaﬂ"Lﬁ%'u
Sudumuann Rathu Heenati Gashumuldason
ﬂqwﬂiz"mmumaﬁLﬁuluﬂs:Lﬂﬂ"LM (Jairin of\@l/
2007a) a&9lsnany wuindanuuandsdadszau
anudumMulussmeRuidausnal g
vaftanafiasanandsiiudumusnikisan o
wulumsanmnessil inliszatefabdunmulung
snuwuD liivinnu

Na2aININdRaUdNNIBNwluIzozLaN
na’uaa"ﬂ”nmmﬁ'ﬁ:‘gﬁ'@lﬁaﬂmomﬂﬁuﬁf Watsziin
G ATNINRBYTHNTe101ua UNIU (MMTS)
wuh moiainaseuuaainnusumuldd (Fig. 7)
wasAdnMIneseUANMITELBIWALNT laadinana

gowuhtny wud weasdulwg ldreuimsunans

Table 3 The reaction to BPH/poueiations collected in Thailand in 2004

and 2007, of sam{: selected introgression lines, using SSBS to

evaluate the WaSistdnce

Reaction to BPH populations*

Designation

UBN DUD NAN KPP WTG PSL
UBNC1078-181-342-6-56 R R R R R R
UBM057073-101-342-6-58 R R R R R R
“IBN03078-101-342-4-106 R R MR MR R MR
UBN03078-101-342-4-143 R R R
KDML105 S S S S S S
Rathu Heenati R R R

R = resistant, MR = moderately resistant, S = susceptible

* Four different biotypes of BPH populations (Jairin et al., 2007a) were collected

from four provinces, Ubon Ratchathani (UBN), Nan (NAN), Kamphaeng Phet
(KPP) and Phitsanulok (PSL) in 2004. Two BPH populations were collected

from the outbreak fields from Det Udom (DUD), Ubon Ratchathani province
and Wang Thong (WTG), Phitsanulok province in 2007.
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Fig. 7 The levels of resistance to BPH at tillering

stage in some introgressed lines, KDML105,
a susceptible recurrent cultivar, and TN1, a
susceptible cultivar. The plants have been
exposed to BPH feeding for two generations

of the insects

a v

uﬁf MM ASINNURDBULURIWIW 72 TA. (Fig. 8)

2.2 ANHUSN NN BATURZNANAR

MInazaumENUEAAIRan BCF_ 51 SUWUT
’Luuﬂaamguﬁ%’ BigUaN TR WU AN
MINBAT LT ANHHSNTIGK IHDINABN ANHHSIN
snuunNde vasmenuitdulngasoiuiys
P1AANNZR 105 WALINUNIINIZANLGIVIN{IMHS
99 EnivmoRusdaiante (Tabled Fil. 9)
@hmﬁmmmg\maamﬂﬁuﬁ:ags:%dw: 122.25464.6 Ty.
Tuwaefidadgrniaanysa 105 &9 132.0 T3, T8N
aanvaimuNuidulninlandiiniaanuzd 105

048 HAl
W72 HAL

120 |

g

8O .

Number of BPH

40 1

20

Rathu L-R1 IE-R2 IL-81 iL-82 KDk

Fig. 8 Number of BPH nymphs (means + SE)efled
on rice cultivars and some introgréssed plants
in a choice test during 48.and/72 h after

infestation

AT mmamﬂﬁuﬁjﬁaawjﬂmifwn’jﬁ 3.7 3 i
VeI IUTIABUANARRATaILWRUTAAIR AN
NNT1I00NNZR 10590882 18.4 LAz 18.1 AUR1AU

AR U T IR IR NBIULNIINITINEAT
(Table £)/ 3171 HANRANANUFUARBTAULINT W
M0FaND INWINLNANGEDTII WazANEI (r=0.37, P
<(0.01;r=040,P<0.01;r=042, P <0.01 9
f10L) Ual UNUANNFNANUTFIULINTZRININANE®
AWM 1,000 AR TupanaaNTANUTURUERH
AUNUNANRALAZIIWIBLNEAGETI (r = -0.37, P <
0.01;r=0.39, P < 0.01 ¢MURIAU) LEAIINTIUINTI
@ana NWIBLNRAADTI LAZANEY nadanslw

Nawﬁmadmmﬁuﬁjﬂj’nﬁmﬁaﬂ %diﬁwawamgdﬂ’h

Tehle 4 vPerformance of principal agronomic traits of some selected

introgressed line

Designation DH PN GP NP PH GY GW
UBNO03078-101-342-6-56 127 13.0 4.07 1224 139.6 245 327
UBNO03078-101-342-6-58 127 132 3.03 934 1434 254 334
UBN03078-101-342-4-106 127 11.8 3.80 130.0 152.8 27.1 27.8
UBNO03078-101-342-4-143 127 19.2 3.72 96.2 143.8 233 271
KDML105 127 13.8 291 102.6 139.0 220 294

DH = days to heading, PN = panicle number, GP = grain weight per panicle (g),
NP = number of grain per panicle, PH = plant height (cm), GY = grain yield per

plant (g), GW = 1,000-grain weight (g)
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Plant height (cm)
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Yield/plant (g/plant)

No. of panicle/plant
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1,000-grain weight (g)
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Fig. 9
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Frequency distribution of plant height (civy;rain yield per plant (g/plant), panicle per plant, 1,000-grain

weight (g), milled rice kernel lergin (), milled rice kernel breadth (mm), milled rice kernel length/

breadth, amylose content (%) arid chalkiness of rice grain (%) in BCSF6 progenies. Arrows indicated

the mean of KDML105.

P1aanNzR 105 Saaz 181

2.3 QUMW N IWURE N IAIGUURENTT
Sulsenu

Namii'@.mzﬁqmmwmﬁmaammﬁuﬁjﬁ@
A ° A v A & A v o
\and i 51 snoriug Iinunnulawm gudiaedn
AL % wD T 2550 (Table 6 waz 7) N1INI2AY
b} 1aaé’nwm:qmmwmamﬁmw mimﬁw RSN
Judszmurasmowuiaaian (Fig. 9) fdanvas

= L2 o 6 o A A A A %

wiadmaRuiAalianimnaasamlanniui,
AaNNA 105 Lﬂai%m?ﬁaa"lﬂmmmmﬁ'uﬁjﬁ'mﬁaﬂ 0.4-
1.9 Talnalfssnur1inenuzd 105 (0.8) luumen
ﬂ‘%mmﬁaﬂﬂuﬁuf Rathu Heenati §409308az 46.8
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mmmwaamﬁ@ﬁnﬂﬁawaammﬁuﬁnm‘a"ﬂ 6.9-
7.9 23, USnamuailas 14.1-16.1 Aaaualudns
Wlaunuanaanuzi 105 Ao 6.9-7.0 LaZANHULANY
Asnvasuiligndaudrsaziinninizansaininnin
é’ﬂwmzmaqmmwﬁ'u A0 83.8-115.0 T, Ytlitasan
snenizaInaIgnaIugulas QTL Foludnumeiehi
laaaiaan uazdu Wx uanmmuﬂuﬁu%é’nﬁmqu
mysanedilas SoieTasnLaNBIEANAIGIVES
uwilagnanene (He et al., 2006)
anunaniudnanwmzniefidasnsludng
AW mﬁﬁuﬁnLﬁauﬁv'mmﬁmmmw aEY

ANINIZINLAY aaszé’umm%awlumﬂﬁuﬁjﬁn NI%
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Table 5 Correlation coefficients between panicle number (PN), plant

height (PH), grain yield per plant (GY), grain weight per

panicle (GP), number of grain per panicle (NP), flowering
date (FD), 1,000-grain weight (GW)

Trait PN PH GY GP NP FD
PH 0.54**

GY 0.37*  0.42*

GP 040" 041  0.31*

NP 0.42* 040" 040"  0.88"*

FD  -031* -034* -037" -033  -039~

GW 007 004  -002 013  -005 0.3

Significant differences at ***P< 0.001, **0.01, *0.05, respectively

Table 6 General appearance quality traits of rice gfains, Gi"some

selected introgressed lines

ML/MB  CK

Designation HC MB Mle
UBNO03078-101-342-6-56 ST 24 " 3.3 1.9
UBNO03078-101-342-6-58 ST 2.5 7.8 3.2 1.3
UBN03078-101-342-4-106 ST 2 7.2 3.2 1.1
UBNO03078-101-342-4-143 SV 2.1 7.7 3.7 1.4
KDML105 S7 22 7.8 3.6 0.8

HC = hull color (ST (:/straw colored), MB = milled rice kernel breadth

(mm), ML = miliga rice kernel length (mm), ML/MB = milled rice kernel

breadth/millzGyrice kernel, CK = chalkiness (%)

mmﬁaammﬂmﬁmﬁlmﬂ'nmamaamﬂﬁ'ufﬁn
lﬂmaqam‘émmﬂwuiﬂﬂﬂmu 8 LNEILAILRLT Ue
ansazaundwidldgnaivqulasBunanuu
laslulop, susiosBuwdsy Tagtudnisduny QTL
Mdgmbinuanunavunlaslalon 3 uaz 4
(Amarawathi et al., 2008) F90719FINAA B ITA LA
pealumenuiaaidon adnslifionu anuamsinm
ﬂ%v'af:ﬁgaﬂﬁﬁuiwmﬂﬂmaqaL@ﬁ:ammﬂ Y
Uszdnmwlunsdaifenansmenagmuninms
mMumMwuaznIRiduTatuiad laslamzlTunm
wafilag anwasdazauilegn nmasasdaludng uaz
ANNRBY
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2.4 AU IWUINTINVBIT LW UTAALADN
"3ms’lzﬁﬁugmmaﬁugnﬁmaamﬂﬁuﬁfﬁ'@
A o o ¢ A
\§an BC F, 9143w 51 angwug I@mlﬁmaqamsm
ANY SSR NUFAIAINNLANGAIITERININD- Y
(T19anuzd 105 waz Rathu Heenati) $1%3% 75
' & ¢ o L & a ' ' A
g]"l,wa‘mm ANTZANLNINII NG WU ALafeIzes
ﬁni:ijﬂmaqam’%ammm‘%uﬁm@i 11.4 cM
(asluloy 5) auiie 30.2 cM (laslulaw 3) iwasidud
284 homozygous Ua48ANANUTI1INANILR 105 BF)
TenieTasa: 60-100 lauddladasauas 86.9 &4
' e o A = ¢ & 6. A
winauihmewuiaaReniiaiifudanaiovas

ﬁ'u'n;ﬂﬁuﬁmﬁauﬁ'uﬁ'ufmn@anmﬁ 105 288z 86.9
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Table 7 The grain quality traits of some selected introgression lines and the percentage of

parental genome recovery of the selections using 75 SSR markers. RH and KD

stand for Rathu Heenati and KDML105 alleles, respectively.

Designation AC GT FR GC % KD % RA % Residual
genome genome heterozygosity
UBNO03078-101-342-6-56 1539 70 1 60.0 83.8 13.2 2.9
UBNO03078-101-342-6-58 1522 7.0 1 70.0 85.1 10.5 45
UBN03078-101-3424-106 1496 7.0 1 110.0 86.8 13.2 0.0
UBN03078-101-3424-143 1419 7.0 2 775 86.8 10.3 2.9
KDML105 1528 7.0 2 750 100.0 - -
Mean* 15.03 7.0 81.2 86.9 9.9 3.2

AC = amylose content (%), GT = gelatinization temperature (1-2 = high and 6-7 = low)

FR = fragrance (1 = mild; 2 = strong), GC = gel consistency (mm)

* Mean value from all 51 selected introgression lines
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