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ABSTRACT 

The result of the study contributes to enhancing and sustaining future livelihoods and food security in Vietnam vis-a-vis 
climate change. An innovative strategy based on marker-assisted backcrossing (MABC) was used to transform popular 
rice variety AS996 into the one can tolerate submergence while maintaining its original characteristics preferred by 
farmers and consumers. The submergence tolerance QTL SUB1 counts for up to 70% of the submergence tolerant and 
provides a marked improvement of submergence tolerance in all genetic backgrounds and environments tested so far. 
Parental diversity was carried out with 460 markers. Of which, 53 polymorphic markers were used for assessment on 
BC1F1, BC2F1 and BC3F1 generations. The best BC1F1 plant was P422 with highest recipient allele was 87.5%, while 
the additional chosen plants were P412, P428, P215 and P39 (81% - 84%). All these plants were used to develop 
BC2F1 generation. The six BC2F1 plants were used to develop BC3F1 and BC2F2 were the plants number P422-11 
and P422-14 having 93.75% recipient alleles and P422-12, P422-3, P39-17, P39-25 having 92.25% recipient alleles. 
Total of 445 BC3F1 plants were confirmed the introgresion of SUB1 using ART5 and SC3. After three generations of 
backcrossing, application of MABC resulted in the best BC3F1 individual P422-14-177 with 100% of recipient alleles 
based on the number of 53 markers used with only the introgression size of SUB1 was 0.3 Mb between ART5 and SC3. 
Phenotyping was carried out on BC3F1 and BC2F2 of the selected lines. The survival ratio of these selected lines and 
IR64SUB1 were the same. It convinced the successfully introgress SUB1 into AS996 rice variety. The breeding line 
BC4F1 having 100% genetic background of donor variety is ready for develop new submergence tolerant rice variety 
ASS996-SUB1 to cope with climate change.   
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1. Introduction 

Vietnam is among the five countries hardest hit by cli- 
mate change. The frequency of natural disasters like ty- 
phoon, flooding etc… are increasing annually. Submer- 
gence caused by flash-flooding is one of the most serious 
impacts to the agricultural productions of the country. In 
Vietnam, rice is the number one agricultural product, not 
only for second largest exporter but also accounts for 
90% of national food production. Of the 4.5 million ha 
rice area, more than one million ha is affected by flood- 
ing, remains for at least one to two weeks in many parts 
of the country. Depending on the timing of flood with 
respect to growth stage, shorter duration and shallow 
flashfloods can result in less than 10% production losses 

while deeper and stagnant water with two weeks’ dura- 
tion and >100 cm in depth can cause damage ranging 
from 40% to 77% [1]. Traditional varieties adapted to the 
submergence prone environments are low yielding due to 
their low tillering ability, long droopy leaves, suscepti- 
bility to lodging and poor grain quality. Development of 
submergence tolerant varieties is generally considered as 
the most effective entry point for improving productivity 
of rice varieties damaged from typhoon and flash flood, 
and it is also the cheapest option for farmers. Mackill 
(2006) proposed that adoption of a completely new vari-
ety could take considerable time, whereas the chances of 
rapid adoption of popular varieties converted through 
marker assisted backcrossing (MABC) were relatively 
higher [2].  

MABC is a precise and effective method to introgress *Corresponding author. 
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a single locus controlling a trait of interest while retain- 
ing the essential characteristics of the recurrent parent 
[3-5]. MABC has three main advantages over conven- 
tional backcrossing. This approach has been used with 
great success for ‘enhancing’ rice varieties for traits such 
as bacterial blight resistance gene XA21 [6], the waxy 
locus for grain quality and submergence tolerance SUB1 
[7,8].  

At the International Rice Research Institute (IRRI), a 
project was undertaken to transfer SUB1, a major QTL 
on chromosome 9 explaining almost 70% of the phenol- 
typic variance [9,10], into at least ten widely-grown rice 
cultivars in Asia. Continue with the success of the re- 
searchers in IRRI, the objective of the present study was 
to introgress SUB1 gene into widely accepted AS996, 
while maintaining all its characteristics unchanges, would 
assure increased production from submergence prone 
areas of the country.  

2. Materials and Methods 

2.1. Materials 

The rice variety IR64 SUB1—derived submergence tol- 
erant breeding line was used as the donor of SUB1. This 
variety was developed that can yield 4 ton/ha under water 
depth from 0.8 - 1 meter for 20 - 25 days in Vietnam 
conditions [11]. 

The recipient rice variety AS996 was widely grown in  

South of Vietnam. AS996 was derived from the cross 
IR64/Oryzarufipugon, official released in 2002. The yield 
potential of this variety is 8 ton/ha under optimum man- 
agement. Already having most of the background advan- 
tages of IR64 variety, converting AS996 into AS996- 
SUB1 was a great choice.  

2.2. Methods 

 Breeding scheme (Figure 1) 
 Data analysis 

The molecular weights of the different alleles were 
measured using Alpha Ease Fc 5.0 software. The marker 
data was analyzed using the software Graphical Geno- 
typer (GGT 2.0) [12]. The homozygous recipient allele, 
homozygous dominant allele and heterozygous allele 
were scored as “A”, “B” and “H”. The percent markers 
homozygous for recipient parent (%A) and the percent 
recipient alleles including heterozygous plants (%R) 
were calculated.  
 Screening of precision introgression lines for sub- 

mergence tolerance 
Submergence screening was performed in the green- 

house at Agricultural Genetics Institute, Hanoi-Vietnam 
following standard protocols [13]. Seeds of the six PILs 
including AS996-SUB1 of the BC2F2 generation with 
parents and susceptible check IR42 were germinated in 
rows in 35 cm/20 cm trays with three replications. Four- 
teen-day-old seedlings were submerged for 14 days. The  

 

 

Figure 1. Breeding strategy for MABC method.   
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survival percentage and elongation ratio of plants were 
taken 21 days after de-submergence. 

3. Results and Discussion 

3.1. Parental SSR Polymorphism Screening 

Total of 460 markers covering all the 12 chromosomes 
were used for the parental polymorphism screening. Of 
which, 53 polymorphic markers (Table 1) were used for 
assessment on every BC1F1, BC2F1 and BC3F1 genera- 
tions. 

The ratio of polymorphic marrkers were rather low, 
only 11.3% in this study. Figure 2 was the parental 
screening of polymorphic markers to use in this study.  

3.2. Genotyping BC1F1 Generation 

3.2.1. Foreground Selection 
Of the 497 BC1F1 plants, 165 plants were heterozygous 
for the marker ART5 (6.3 Mb) and SC3 (6.6 Mb) tightly 
linked to SUB1 (Figure 3). The 165 plants with the “H” 
score for the tightly-linked marker were subjected to re- 
combinant selection with flanking markers. 

3.2.2. Recombinant Selection 
Recombinant selection was carried out on 165 plants that 
were heterozygous for the marker used for foreground 
selection in the BC1F1 generation. Fourteen recombi- 

nants were obtained, five of them were double recombi- 
nant and the other nine single recombinants which mini- 
mized the size of the introgression size at the both distal- 
proximal ends. 

3.2.3. Background Selection 
Among 460 SSR primers surveyed, 26 markers were 
used for selection initially on BC1F1. The maximum 
number of recombinant and background markers used 
was 8 for chromosome 9. The microsatellite markers that 
revealed fixed (homozygous) alleles at non-target loci in 
one generation were not screened in the next backcross 
generation. The segregants with fixed donor alleles were 
discarded from the selection. 

From the result above, the recipient allele in 14 re- 
combinant plants ranging from 62.5% to 87.5%. The best 
plant was P422, while the additional chosen plants were 
P412, P428, P215 and P39 with highest recipient allele 
was 87.5% in plant P422 (Table 2). 

Analysing the data of 14 recombinant selected indi- 
viduals in GGT 2.0 software was shown in Figures 4(a) 
and 4(b). All plants P422, P412, P428, P215 and P239 
were used to develop BC2F1 generation.  

3.3. Genotyping BC2F1 Generation 

In 506 plants of BC2F1 generation, 245 plants were con- 
firmed the introgresion of SUB1 using ART5 and SC3  

 
Table 1. Polymorphic markers were used for screening the BC1F1, BC2F1 and BC3F1 generations. 

No Primers Chr. Forward sequences Reverse sequences PCR band size Ann. Tm

1 RM237 1 caaatcccgactgctgtcc tgggaagagagcactacagc 130 55 

2 RM10115 1 acaagacgaggtaacacgcaagc gcgaaggatcaacgatgatatgg 245 60 

3 RM10984 1 tgtgaagcacatccagtgatcc gggatgagtgacacttgttaatgg 317 60 

4 S01132a 1 caatgacgacgcatgtatgt tgcttgaatgtttttcgagg 196 60 

5 RM1349 1 cgttccaatattcagacacag tttccatctcgagaagctc 160 60 

6 RM6 2 gtcccctccacccaattc tcgtctactgttggctgcac 163 55 

7 RM485 2 cacactttccagtcctctcc catcttcctctcttcggcac 129 55 

8 RM154 2 gacggtgacgcactttatgaacc cgatctgcgagaaaccctctcc 271 55 

9 RM262 2 cattccgtctcggctcaact cagagcaaggtggcttgc 154 55 

10 RM341 2 caagaaacctcaatccgagc ctcctcccgatcccaatc 172 55 

11 RM109 2 gccgccggagagggagagagag ccccgacgggatctccatcgtc 97 55 

12 RM300 2 gcttaaggacttctgcgaacc caacagcgatccacatcatc 121 55 

13 RM423 2 agcacccatgccttatgttg cctttttcagtagccctccc 273 55 

14 RM6318 2 tgctgcttctgtccagtgag ggatcataacaagtgcctcg 199 60 

15 RM60 3 agtcccatgttccacttccg atggctactgcctgtactac 165 55 

16 RM307 4 gtactaccgacctaccgttcac ctgctatgcatgaactgctc 174 55 
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17 RM551 4 agcccagactagcatgattg gaaggcgagaaggatcacag 192 55 

18 RM124 4 atcgtctgcgttgcggctgctg catggatcaccgagctcccccc 271 55 

19 R4M13 4 tacacggtagacatccaaca atgatttaaccgtagattgg 169 55 

20 R4M17 4 agtgctcggttttgttttc gtcagatataattgatggatgta 169 55 

21 RM3635 4 gggtgagtgcgacagagatg catgtctccccctcaccctc 137 55 

22 RM206 5 cccatgcgtttaactattct cgttccatcgatccgtatgg 147 55 

23 RM18877 5 accactgctgcaaagaacattgg gcgagaataagatgagacacaagagg 190 60 

24 R5M20 5 ctcgctgtttactgactgg tttgatgtactgcctgctct 175 55 

25 S06061 6 gtcagtcgaggagtcggaga ggcgtacagcacaaaacaca 178 55 

26 S06065a 6 ccccttcatcattgcaactt agtctctccatcacccgtct 164 55 

27 RM2 7 acgtgtcaccgcttcct atgtccgggatctcatcg 150 55 

28 RM18 7 ttccctctcatgagctccat gagtgcctggcgctgtac 157 55 

29 S07053 7 cgaaactttgggacgaaatg cgtccaccattcactgtcac 223 55 

30 RM149 8 ggaagcctttcctcgtaacacg gaacctaggccgtgttctttgc 253 55 

31 RM105 9 gtcgtcgacccatcggagccac tggtcgaggtggggatcgggtc 134 55 

32 RM215 9 caaaatggagcagcaagagc tgagcacctccttctctgtag 148 55 

33 RM257 9 cagttccgagcaagagtactc ggatcggacgtggcatatg 147 55 

34 RM316 9 ctagttgggcatacgatggc acgcttatatgttacgtcaac 192 55 

35 RM23662 9 gagaggacgatggcactattgg cgaggaacttgattcgcatgg 149 60 

36 RM24013 9 tccatcttcctctcctagagcttcc ctccctgtcccgagttagtgc 192 60 

37 R9M10 9 ctttggattcaggggga aacttgaaacggaggcag 135 55 

38 RM7175 9 acagtaaacgtggtgcctcc agaagtagcctcgaggaccc 105 55 

39 ART5 9 cagggaaagagatggtgga ttggccctaggttgtttcag 159 60 

40 SC3 9 gctagtgcagggttgacaca ctctggccgtttcatggtat 165 60 

41 RM296 9 cacatggcaccaacctcc gccaagtcattcactactctgg 123 55 

42 RM23917 9 cacatgatcctccacccactagc gcctggcctctcttatctgtctacc 171 60 

43 RM228 10 ctggccattagtccttgg gcttgcggctctgcttac 154 55 

44 RM271 10 tcagatctacaattccatcc tcggtgagacctagagagcc 101 55 

45 RM25271 10 agacgctactcccacctgtaacc atatcattgccgcaacacaagc 185 60 

46 RM311 10 tggtagtataggtactaaacat tcctatacacatacaaacatac 179 55 

47 S11117C 11 caaccatgtctatgatcgatgt ggctgtctccatgttgaggt 205 60 

48 RM287 11 ttccctgttaagagagaaatc gtgtatttggtgaaagcaac 118 55 

49 RM209 11 atatgagttgctgtcgtgcg caacttgcatcctcccctcc 134 55 

50 RM224 11 atcgatcgatcttcacgagg tgctataaaaggcattcggg 157 55 

51 S011049 11 gagctgcggttaccaatgtt ggcccataagcccactaaat 198 60 

52 RM17 12 tgccctgttattttcttctctc ggtgatcctttcccatttca 184 55 

53 RM7558 12 cagtagcaggctcccttttg atcaggaacaccagagacgg 149 55 
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Figure 2. Parental screening on 6% polyacrylamide gel DNA: 1. Q5; 2. Q5; 3. OM5472; 4. FL478; 5. IR64SUB1; 6. AS996; 7. 
KDDB; 8. Bac thom. Primers: SO7053; G11; AP3206e; S12055; RM228. 
 

 

Figure 3. Screening of BC1F1 individuals (crossAS996/IR64SUB1) using marker SC3. Wells 1: 25bp marker, 2 - 25 and 27 - 
48: BC1F1 individuals, Well 49: AS996, Well 50: IR64SUB1. 
 

Table 2. The recippient allele of the fourteen BC1F1 recombinant plants. 

Plant No. 5 6 39 62 63 103 153 166 215 327 340 412 422 428 

A 66.67 54.17 62.50 41.67 54.17 45.83 58.33 45.83 66.67 58.33 66.67 72.00 75.00 72.00

H 25.00 45.83 37.50 58.33 45.83 33.33 41.67 54.17 33.33 41.67 33.33 24.00 25.00 24.00

R% 79.17 77.08 81.25 70.83 77.08 62.50 79.17 72.92 83.33 79.17 83.33 84.00 87.50 84.00

 
(Figure 5). The recombinant selection was carried out 
using heterozygous flanking markers specific to the five 
BC2F1 populations produced from the five best plants of 
the BC1F1 generation. 

Total of 17 double recombinant plants were used for 
background selection using 20 heterozygous markers. 
The maximum percentage of recipient alleles was 93.75% 
obtained in plant number P422-11 and P422-14. The 
minimum percentage of recipient alleles was 89.7%, 
which was obtained in plant number P39-80. Addition- 
ally plants were P422-12, P422-3, P39-17, P39-25 hav- 
ing the recipient alleles of 92.25%. Those six BC2F1 
plants were used to develop BC3F1 generation.  

The BC2F2 seed of the plants having SUB1 region 
also collected. Because of raining at the flowering time, 
so the ratio of unfilled grain were rather high (20% - 60% 
of the collected lines). Combine with conventional breed- 
ing, the breeding lines from BC2F3 and BC3F2 will be 
used for submergence tolerance screening on the field.  

3.4. Genotyping BC3F1 Generation 

Total of 445 BC3F1 plants were confirmed the introgre- 
sion of SUB1 using ART5 and SC3. 

The recombinant selection was carried out on 124 
plants using heterozygous flanking markers. After that, 

there were only 22 BC3F1 plants used for background 
selection with 19 markers (Figure 6). Two plants P422- 
14-164 and P422-14-178 were receiving the equal re- 
cipient alleles up to 96.15% compare to AS996 original. 
The plant P422-14-177 was the best plants with 100% 
recipient alleles from AS996 with the total of 52 primers 
from BC3F2 seeds from those three plants will be used 
for screening for submergence tolerance as well as pro- 
duce BC4F1 generation. Figure 7 was the analysing re- 
sult from GGT2.0 software of the plant P422-14-177.  

3.5. Submergence Screening 

The selected BC2F2 and BC3F1 lines showed submer- 
gence tolerance just after de-submergence and after re- 
covery against submergence stress of 21 days. The sub- 
mergence tolerance scores of these BC2F2 lines were 
similar to those of the tolerant donor IR64SUB1. The 
result confirmed the introgression of SUB1 QTL in these 
lines. The situation of heterozygous SUB1 in BC3F1 re-
sulted in lower survival scores than the homozygous 
SUB1 in BC2F2 lines.  

4. Discussion 

Plant adaptation to variable environments is reflected by    



Application of Marker Assisted Backcrossing to Introgress the Submergence Tolerance  
QTL SUB1 Into the Vietnam Elite Rice Variety-AS996 

533

 

 
(a) 

 

 
(b) 

Figure 4. Graphic of fourteen recombinant plants (a) and plant BC1F1-P422 (b). 
 

 

Figure 5. BC2F1 (AS996xIR64SUB1) individuals screening using primer SC3. Lane 1: AS996, Lane 2. IR64SUB1, C1-C41: 
BC2F1 individuals. 
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Figure 6. Data of 22 recombinant individuals of BC3F1 (AS996xIR64SUB1) were analysed using GGT3.2. Of which, indi- 
viduals BC3F1 number 177 was the best candidate.  
 

 

Figure 7. Plant P422-14-177 was the best plants with 100% recipient alleles from AS996. Data were analysed using GGT3.2. 
 
an interrelated set of complex physiological and genetic 
strategies, we can obtain a deeper understanding of the 
underlying molecular mechanisms, which opens the way 
towards a more targeted breeding approach for higher 
stress tolerance in crop plants. The breakthrough that has 
made this approach possible was the introduction of 
easy-to-use DNA markers that brought QTL mapping 
into the mainstream, making it possible to efficiently 
map the genetic loci controlling complex traits. This was 
made possible through genetic linkage analysis, allowing 
the construction of linkage maps, and the identification 

of QTLs controlling particular traits based on statistical 
methods that help establish the association between mo- 
lecular markers and phenotypic data. Currently, SSRs are 
predominantly being used to map and introgress agro- 
nomically important QTLs into popular varieties using 
MABC.  

Because of the success of using the SUB1 QTL for 
molecular breeding, where a single allele at a major locus 
can provide submergence tolerance [7,8,14], the SUB1 
QTL counts for up to 70% of the submergence tolerant 
and provides a marked improvement of submergence 
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tolerance in all genetic backgrounds and environments 
tested so far. But also, after the MABC lines are com- 
pleted using marker selection, their level of tolerance 
needs to be confirmed under greenhouse and field condi- 
tions before amplifying seed for large-scale testing and 
validation in farmers’ fields at target areas. 

As discussed above, this approach is most effective 
when major QTLs are available for the traits of interest, 
and this has been the case for several abiotic stresses. 
Nevertheless, a similar approach could be feasible for 
smaller QTLs. Even a relatively small-effect QTL could 
have a significant impact if deployed over a large area. 
The MABC strategy is a relatively conservative approach 
aimed at getting incremental improvements in the best 
varieties, while plant breeders will continue to aim at the 
goal of new mega varieties through multiple approaches 
relying on conventional breeding and MAS.  

Using MABC method for screening BC1F1 plants, we 
can know quite well about the map of the plant selected. 
From that result, determining the next step for selecting 
of the next generation is very importance.  

From the result of selected BC1F1 plant, the maximum 
percentage of recipient alleles was 93.75%, which ob- 
tained in plant number P422-11 and P422-14 in BC2F1, 
following the P422-14-177 with 100% of recipient alleles 
based of number of 52 markers used with only the intro- 
gression size of SUB1 was 0.3 Mb between ART5 and 
SC3.  

According to Hospital (2001) [4] flanking markers for 
recombinant selection should be chosen as closely linked 
as possible to the introgressed gene to minimize linkage 
drag. He suggested computing the minimal population 
sizes required to obtain double recombinants for such 
closely linked markers and to optimize the population 
size. The target of recombinant selection in BC1F1 gen- 
eration was to obtain single recombinants at one side of 
the SUB1 QTL. These were segregants in which the size 
of the donor segment was minimized at one side of the 
QTL. In this study, with a large number of plants with 
eight flanking markers from the SUB1 region of chro- 
mosome 9 were used in BC1F1 generation. For the de- 
velopment of AS996-SUB1, RM24013 (9.4 Mb) was 
used as flanking marker at proximal end and RM105 (5 
Mb) at distal end. Foreground selection was confirmed 
by the use of markers from the SUB1 genes ART5 (6.3 
Mb) and SC3 (6.6 Mb) in all the plants. The used of two 
precise primers located in the SUB1 region absolutely 
resulted in minimized the introgression size of the SUB1 
in AS996 variety. It also reduced the crossing over be-
tween the gene region, which decreased the false-positive 
results in foreground selection. The SUB1 introgression 
gene will be used for further assessment in the BC4F1 
and BC3F2 generations. 

5. Conclusion 

In conclusion, the MABC approach described in the pre- 
sent study was successfully adopted to introgress SUB1 
into AS996 and could be successfully utilized to intro- 
gress not only SUB1 in the other important varieties with 
a minimum introgression segment and within a short 
time frame. By limiting the size of the introgression, the 
chance of introducing donor genes that might change the 
essential characteristics of this popular variety was re- 
duced. This will become increasingly important as other 
desirable genes are introduced into AS996-SUB1. It is 
expected that the newly developed SUB1 lines will be 
able to increase rice production in the submergence areas 
of Vietnam.  
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