
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tpps20

Plant Production Science

ISSN: 1343-943X (Print) 1349-1008 (Online) Journal homepage: https://www.tandfonline.com/loi/tpps20

Molecular Breeding for Rainfed Lowland Rice in
the Mekong Region

Theerayut Toojinda, Somvong Tragoonrung, Apichart Vanavichit, Jonaliza L.
Siangliw, Nathinee Pa-In, Jutarat Jantaboon, Meechai Siangliw & Shu Fukai

To cite this article: Theerayut Toojinda, Somvong Tragoonrung, Apichart Vanavichit, Jonaliza
L. Siangliw, Nathinee Pa-In, Jutarat Jantaboon, Meechai Siangliw & Shu Fukai (2005) Molecular
Breeding for Rainfed Lowland Rice in the Mekong Region, Plant Production Science, 8:3,
330-333, DOI: 10.1626/pps.8.330

To link to this article:  https://doi.org/10.1626/pps.8.330

© 2005 Crop Science Society of Japan

Published online: 03 Dec 2015.

Submit your article to this journal 

Article views: 325

View related articles 

Citing articles: 9 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=tpps20
https://www.tandfonline.com/loi/tpps20
https://www.tandfonline.com/action/showCitFormats?doi=10.1626/pps.8.330
https://doi.org/10.1626/pps.8.330
https://www.tandfonline.com/action/authorSubmission?journalCode=tpps20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tpps20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1626/pps.8.330
https://www.tandfonline.com/doi/mlt/10.1626/pps.8.330
https://www.tandfonline.com/doi/citedby/10.1626/pps.8.330#tabModule
https://www.tandfonline.com/doi/citedby/10.1626/pps.8.330#tabModule


Received 1 September 2004. Accepted 1 February 2005.

Molecular Breeding for Rainfed Lowland Rice
in the Mekong Region

Theerayut Toojinda1, Somvong Tragoonrung2, Apichart Vanavichit3, Jonaliza L. Siangliw1,
Nathinee Pa-In1, Jutarat Jantaboon1, Meechai Siangliw1 and Shu Fukai4

(1Rice Gene Discovery, National Center for Genetic Engineering and Biotechnology, Kasetsart  University, Kampangsaen Campus,
Nakorn Prathom 73140, Thailand www.dna.kps.ku.ac.th Email theerayut@dna.kps.ku.ac.th;

2DNA Technology Laboratory, National Center for Genetic Engineering and Biotechnology, Kasetsart University,
Kampangsaen Campus, Nakorn Prathom 73140, Thailand  www.dnatec.kps.ku.ac.th

Email somvong@dnatec.kps.ku.ac.th;
3Agronomy Department, Kasetsart University, Kampangsaen Campus, Nakorn Prathom 73140, Thailand

www.dna.kps.ku.ac.th Email apichart@dna.kps.ku.ac.th;
4School of Land and Food Sciences, The University of Queensland, Australia

Email s.fukai@mailbox.uq.edu.au)

Abstract : In the past 20 years, the rice-breeding program in Thailand had little success in developing new 
cultivars to replace Kao Dawk Mali 105 (KDML105) and Kao Khor 6 (RD6) for the rainfed lowland rice environ-
ments.  The main reason for the poor adoption of new cultivars by farmers is the susceptibility to diseases and 
unacceptable grain qualities.  The conventional breeding program also takes at least 15 years from initial crossing 
to the release of new cultivars. A new breeding strategy can be established to shorten the period for cultivar 
improvement by using marker-assisted selection (MAS), rapid generations advance (RGA), and early generation 
testing in multi-locations for grain yield and qualities.  Four generation of MAS backcross breeding were 
conducted to transfer genes and QTL for bacterial blight resistance (BLB), submergence tolerance (SUB), brown 
plant hopper resistance (BPH) and blast resistance (BL) into KDML105. Selected backcross lines, introgressed 
with target gene/QTL, were tolerant to SUB and resistant to BLB, BPH and BL. The agronomic performance 
and grain quality of these lines were as good as or better than KDML105.
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The Mekong region of the Southeast Asia comprises 
Myanmar, Thailand, Cambodia and Laos and is 
known as the primary origin of domesticated rice 
and for high quality rice production.  More than 60 
% of total rice growing areas in the region is rainfed; 
drought and submergence and poor soils and biotic 
stresses are major constrains limiting yield and grain 
quality. Among them drought stress and blast disease 
are the most serious constrains.  In the past, genetic 
improvement for such traits has been hampered due 
to lack of clear understanding of the genetics and of 
the genotype by environment  (G E) interactions. 
Biotechnology is now a powerful tool to discover genes 
governing important traits and for understanding their 
functions.  Establishing the association between such 
traits and genes or molecular marker can facilitate 
genetic manipulation via marker-assisted selection 
(MAS). The rice-breeding program of the Rice Gene 
Discovery Unit (RGDU) of the National Center for 
Genetic Engineering and Biotechnology, Thailand was 
established in 1998. One of the main objectives is to 
enhance the development of rice cultivars that adapt 
well to harsh environments of the rainfed lowlands in 

North and Northeast Thailand and that are acceptable 
by farmers in the region.  Marker assisted selection 
(MAS) in backcross breeding has been used to 
transfer favorable alleles of genes/QTL for biotic and 
abiotic stress resistance/tolerance into the genetic 
background of KDML105 and RD6.  We demonstrate 
here a successful implementation of MAS in the rice-
breeding program to improve KDML105 for biotic and 
abiotic stress resistance/tolerance.

Materials and Methods

Backcross breeding was carried out in four rice 
populations using KDML105 as the recurrent 
parent (Fig. 1). The lines FR13A, IR1188, Abhaya 
and IR68835 were used as donors for submergence 
tolerance, bacterial leaf blight (BLB) resistance, 
brown planthopper (BPH) resistance and blast (BL) 
resistance, respectively. The quantitative trait loci 
(QTL) approach identifi ed QTL controlling these 
traits in donor cultivars and the cooking quality 
in KDML105 as shown in Table 1 and Fig. 1. DNA 
markers fl anking these QTLs were identifi ed and 
developed (Table 1).T 

Plant Prod. Sci. 8(3) : 330 333 (2005)



331　Toojinda et al. Molecular Breeding for Rainfed Lowland Rice

These markers were used for genotypic fi n-
gerprinting of individual plants of the populations. 
The BC plants containing the target QTL were 
selected and backcrossed to KDML105 until the BC4F1 
was obtained.  Selected BC4F1 plants were then self-
pollinated to generate BC4F2 and again DNA markers 
were used for genotypic fi ngerprinting individual 
plants.  The individuals containing the target QTL and 

with cooking quality of KDML105 were evaluated for 
performance of the target abiotic and biotic trait by 
growing in appropriate environments.   The breeding 
scheme is shown in Fig. 2.

Results

A number of backcross lines, introgressed with the 
target QTL, were tolerant to submergence (Table 2) 

Table 1. DNA markers linked to QTL for traits of interest for the improvement of rice cultivars for the rainfed 
lowlands of Thailand. The DNA markers were used to select the promising backcross lines in crosses with the 
recipient parent KDML105.

Fig. 1. The genomic location of QTLs corresponding with submergence tolerance, bacterial leaf blight resistance, blast resistance, 
brown plant hopper resistance, aroma, amylose content (waxy), gel consistency and gel temperature in rice.
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Fig. 2. The breeding and selection scheme using DNA marker assisted selection (MAS) 
to introduce abiotic and biotic traits into the recipient rice line KDML105.

Table 2. The submergence tolerance (shown as percentage of survived individuals under controlled 
submergence conditions) and the agronomic performances of backcross lines selected with 
QTLSubchr9 relative to the agronomic performance and grain quality of KDML105. The a  – d  
were the DNA marker profi le of the backcrossed introgressed lines as described in Table 1. FR 
and KD stand for FR13A and KDML105 alleles, respectively.
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and resistant to BLB, BPH and BL (Table 3).  The 
agronomic performance and grain quality of these 
lines were as good as, or better than, KDML105.   

Conclusions

Marker aided selection (MAS) can be a powerful 
tool for breeders to improve the traits that are lacking 
in the widely grown KDML105 and at the same time 
maintain the grain quality of KDML105.  Since selected 
lines have the same genetic background, pyramiding 
all QTLs can be done using the MAS approach. This 
work is being used as a proof of breeding strategy  for 
the Mekong Regional project which aims to use MAS 
for grain quality and drought tolerance. Approximately 
15 populations based on crosses between donor lines 
selected for drought tolerance and recipient lines 
selected for yield and quality traits of acceptance to 
farmer/markets are being developed in Thailand, Laos 
and Cambodia. 
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IR, H and KD stand for IR68835, heterozygous and KDML alleles, respectively.
a – aroma score (2- moderate fragrance and 3- strong fragrance)

Table 3. The performance of selected backcross lines using QTLBlastchr2 and QTLBlastchr4 for 
blast resistance and for agronomic and grain quality traits relative to KDML105 and other 
check rice varieties.


