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Abstract. Vietnam is one of the most vulnerable countries to climate change in Asia. Rice i5 2
principle food in Vietnam and plays ar important role in economy of the country. However, nice
yield and its cultivating areas are adversely affected from the threats of devastation caused by the
rise of sea level. Using marker assisted backcrossing (MABC) to develop a new sait tolerance rice
variety is one of the feasible methods to cope with these devastating changes. To improve rice salt
tolerance in Bac Thom 7 cultivar, FL478 was used as a donor parent to introgress the salto! QTL
conferring salt tolerance into Bac Thom 7. Three backcrosses were conducted to transfer positive
alleles of saltol from FL478 into Bac Thom 7. The plants number IL-30 and IL-32 in BGCF,
population expected recurrent genome recovery of up to 99.2%, 100%, respectively. These
selected lines that carmed the saliol alleles were screened in field for their agronomic traits, All
improved lines had safiof allele similar to the donor parent FL478, whereas their agronomic
performances were the same as the original Bac Thom 7. We show here the success of improving
rice salt tolerance by MABC and the high efliciency of selection in early generations. In the
present study, MABC accelerated the development of superior qualities in the genetic background

of Bac Thom 7.
Kevwords: Background selection, marker assisted backeross, rice, QTL.

of FAQ, (2010) [2], over 800 million ha of

L. Introduction
worldwide land are severely salt affected and

Salinity is one of the major impediments to
enhancing production in rice growing areas
worldwide. One-fifth of irrigated arable lands in
the world have been reported to adversely

influence by high soil salinity {1). As the report
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approximately 20% of irmgated areas (about 45
million ha) are estimated to suffer from
salinization problems by various degrees. This
is more serious since imigated areas are
responsible for one third of world's food
production. In Asia, 21.5 million hectares of
land areas is affected by salinity and estimated
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to cause the loss of up to 50% fertile land by the
21* mid-century {3).

Rice is the most important food crop for
over half of the world’s population and supplies
20% of daily calories [4]. Rice is 2 major crop
in Vietnam, as the world's second-largest rice
exporter after Thailand, and together accounting
for 50% of the world rice trade. Vast portions
of the food producing regions in the country
will be inundated by sea water, expected at
about 19.0%37.8% of the Mekong River Delta
(MRD) and about 1.5% -11.2% of the Red
River Delta (RRD). With sea level rise by I m,
approximately 40,000 km2 will be inundated,
and salinity intrusion is expected 10 cover about
7T1% of the MRD and RRD, together with other
coastal regions. The economic loss by salt
intrusion in 2005 was up 45 million USD,
which is equivalent of 1.5% of annual rice
productivity in the Mekong Delta [5). It has a
salinity threshold of 3 dS/m, with a 12%
reduction in yield per dS/m, beyond this
threshold. Therefore, rice yields can be reduced
by up to 50% when grown under moderate (6
dS/m) salinity levels [6]. The crop yield
reduction in salt soils can be overcome by soil
reclamation or by improving salt tolerance in
target crops. Therefore, the need for
enhancement in salt tolerance in rice is well
understood. In the last ten years, a rapid
progress have been made towards the
development of molecular marker technologies
and their application in linkage mapping
molecular dissection of the complex
agronomical traits and marker assisted breeding
[7].

Rice cullivars grown in szline soil are
sensiive at both the vegetative and
reproduction stages. However, salimity tolerance
at different growth stages seems 10 be managed
by independent genes. Saltol is a major

quantitative trait flocus (QTL) and was
identified in the salt-toleramt cultivar Pokkali.
Its location was detected on chromosome 1.
This QTL confers salinity tolerance at the
vegelative stage and explains from 64% 10 80%
of the phenotypic vanance [8], Several studies
reported this QTL was detected in some other
fice varieties [9, 6]

The basis of MABC strategy 1s to transfer a
specific allele at the target locus from a donor
line to a recipient line while selecting against
donor introgressions across the rest of the
genome [10). The use of molecular markers,
which permit the genetic dissection of the
progeny at each generation, increases the speed
of the selection process, thus increasing genetic
gain per unit time [11]. The maio advantages of
MABC are: (1) efficienmt foreground selection
for the target locus, (2) efficient background
selection for the recurrent parent genome, (3)
minimization of linkage drag surrounding the
locus being introgressed, and (4) rapid breeding
of new genotypes with favorable traits. The
effectiveness of MABC depends on the
availability of closely linked markers and/or
franking markers for the target Jocus, the size of
the population, the number of backcrosses and
the position and number of markers for
background selection [12). MABC has
previously been used in rice breeding to
incorporate the bacterial blight resistance gene
Xa2! [13, 14]) and waxy gene [15] imo elite
cultivars. The availability of the large-effect
QTL Salto! for salinity tolerance in rice, a
theoretical frame-work for MABC and the
existence of intolerant varieties that are widely
accepted by farmers provided an opportunity (o
develop culfivars that would be suitable for
larger areas of submergence prone rice [16).
The main objective of our study was (0 develop
a salinity-tolerant version of the widely grown
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Bac Thom 7 by applying the MABC method.
The improved cultivar may be useful for
growing in the soil salinity of the coastal areas
of Vietnamese Deltas.

2, Materials and Methods
2.1. Plant materials and crossing scheme

The scheme for constructing the plant
materials used in this study is summarized In
Figure 1. A highly salt toleramt FL478 (IR
66946-3R-1738-1-1) was used as the donor of
Saltol QTLs, whereas Bac Thom 7 (0. sativa
spp. indica), a popular growing Vietnamese
elite cultivar with high quality was vsed as the
recipient parent. A total 477 SSR markers
distributed in the 12 chromosomes inciuding
foreground, recombinant and background
markers were screened. For the MABC scheme,
Bac Thom 7 was crossed with FL478 to obtain
. F1 seeds (Fig. 1). Fls were backcrossed with
Bac Thom 7 1o obtain a large number of BC,F,
seeds. In the BC,F, generation, individual plants
that were heterozygous at the Saltol locus were
identified reducing the population size for
further screeming {(foreground selection). From
the individual plants that were heterozygous for
Saliol, those that were homozygous for the
recipient allele at one marker locus (RM10825)
distally franking the Saltol locus (i.e.
recombinant) were identified. We termed this as
“recombinant selection” {17]). Some used
markers in detail are shown in Tabie 1. From
these recombinant plants, individuals with the
fewest number of markers from the donor
genome were selecied (background selection).
In the second and third BC generations, the
same strategy was followed for selection of

individuval plants with the desired allele
combination at the target loci including
selection for recombinants between Safiol and
the nearest proximal marker locus (RM10694)
and suitable genomic composition at the non-
target loci and crossed with the recipient parent
{0 develop the next generation. The selected
BC2 and BC3 plants were self-pollinated for

further analyses.

2.2. Molecular marker analysis

DNA was extracted from juvenile leaves of
2-week-old plants vsing a medified protocol as
described by Zheng et al. (1995) [18). PCR was
performed in 10 pl reactions containing 5-25
ng of DNA template, 1 ul 10 X TB buffer
{containing 200 mM Tris~HCI pH 8.3, 500 mM
KCl, 15 mM MgCl,), 1 ul of 1 mM dNTP, 0.50
gl each of 5 yM forward and reverse primers
and 0.25 gl of Tag DNA polymerase (2 U/ ul)
using an MJ

Research single or dual 96-wel! thermal
cycler, After initial denaturation for 5 min at
94°C, each cycle comprised 1 min denaturation
at 94°C, 1 min annealing at 55°C, and 2 min
extension at 72°C with a final extension for 5
min at 72°C at the end of 35 cycles. The PCR
products were mixed with bromophenol blue
gel loading dye and were analyzed by

~ electrophoresis on 8% polyacrylamide gel using

mini vertical polyacryiamide gels for high
throughput manual genotyping (CBS Scientific
Co. Inc., CA, USA). The gels were stained in
0.5 mg/ml ecthidium bromide and were
documented using Ailpha Imager 1220 (Alpha
Innotech, CA, USA). Microsatellite or Simple
sequence repeat (SSR) markers were used for
selection [19].
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Bac Thom 7/ FL478 F, ’iﬁ Bac Thom 7 variety
BC,F, {300-700 plants)
FOREGROUND SELECTION 4
mliacted BC,F, {150-350 plants)
RECOMBINANT SELECTION <+
selected BCF, {15-20 plants)
SACKGROUNRD SELECTION 3

best BC,F,{1-3 plants} X BacThom7 variety

BC,F, (100-300 plants)
FOREGROUND SELECTION 4
selected BC,F, (50-150 plants)
RECOMBINANT SELECTION followed by ‘
BACKGROUND SELECTION / \‘
best BC,F,plant X BacThom7 vadety
&3 {
BC,F, (200-400 plants) BC.F, (20-100 plants)

FOREGROUND SELECTION follovred by
BACKGROUND SELECTION

¢

&

&—— best BC,F, plant

[ fine introgressing the TL of interest in the recurrent parent background

Figure 1. The scheme of applying MABC to i.mprow.: salt tolerance in Bac Thom 7 cultivar.

Table 1. Details of markers for foreground and recombinant selection

Numaba
Makes Mb Forward prmao Reverse primer Modf  of SSRaat  SSR end
. Repeats
RMI0S653 110 TTICCCTGET TTCAAGCTTACG AGTACGGTACCTTGATOGGTAGAAAGE AL 18 10969040 0868 0TA
AMZOSE 112 GLAAGAATTAATCCATGTGAAAGA AGTGCAGGATCTGLCATGA - - -
RMiclzh 1146 TCATGGATCTCTGAGGTGTAAAGAGE TGCACTAATCTT.CTSCCACAGE - - -
RMI0748 118 CATCGGTGACCACITTLTCL CCTGTCATUTATCTCLLTCARGE Al 14 11758005 11756632
RMa01 12,3 OTACGTARACGCGGAAGGTGACG CGACGTAIGAGATGCCGATCC AAG 9 12354091 12264117
RMI140 153 CTTGCACAAGAGATGATGATGAGE CATGETGAGAAATAGTACGLTTGG Al 12 122847325 21181748
RMIO82E 1335 GRACACAAGTCCATGATCLTATCL GTTTCCTTTCCATCCTTGTTGH AAG 10 13306166 13304193
BRMS6Y 146 GGAAAGGAASAATCAGACACAGAGC CGTACCGTTLCTTTCGTCACTTCC AAG 13 145104437 14610441
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2.3. Foreground and recombinant selection

At the imtial stages of the experiment, for
selection of the Saltol locus (foreground), the
reported rice microsatellite (RM) markers
RM493 and RM3412b, which were found to be
tightly tinked to Saitol was used for foreground
selection. For franking markers used for
recombinant selection, about 5 Mb region of the
Saito! region was targeted. Four polymophic
microsatellite markers (RM1287, RMI10694,
RM562, RM7075) were identified for
recombinant selection (Table 1, Fig. 2).

2.4. Background selection

Microsatellite markers unlinked to Saltol
covenng all the chromosomes including the
Saltol carrier chromosome |1, that were
polymorphic between the two parents, were
used for background selection to recover the
recipient genome (Fig. 3). Based on the
polymorphic  information, initially evenly
spaced microsatellite markers were selected per
chromosome. At Jeast four polymorphic
microsatellite markers per chromosome were
used. The microsatellite markers that revealed
fixed (homozygous) alleles at nontarget loci at
one generation weré not screened at the next
BC generation. Only those- markers that were
not fixed for the recurrent parent allele were
analyzed in the following generations. For the
selected plants from BC.F, and BC:F,, an
additional 84 microsatellite markers were used
10 check the fixation of the recipient genome.

2.5. Screening for agronomic traits

The BC;F, plants with the parents, Bac
Thom 7 and FL478 were grown in a field at the
Thanh Tri. Hanoi, Vietnam. The plants were

laid in a 20 x 15 cm distance and evaluvated for
i2 traits: 1) Days to heading (dih) were
evaluated as the number of days from sowing
until the panicle headed; 2) Plant height (ph)
was measured in centimeters from the soil
surface to the tip of the tallest panicle (awns
exciuded); 3) Panicle length (pl)} was measured
in centimeters from the neck to the panicle tip;
4) Panicle number (pn) was calculated as the
number of panicles per plamt; 5) 1,000 seed
weight (Isw) was measured in grams as the
weight of 1,000 fully filled seeds per plant; 6)
Primary branch number (pb) was estimated as
the number of primary branches per panicle; 7)
Secondary branch number (sb) was &stimated as
the number of secondary branch per panicle; 8)
Seed per panicle (sp) was calcuiated as the
number of fully filled seed per panicle; 9)
Spikelets per panicle (spp) were calculated as
the number of spikelets per panicle.

2.6, Staristical analyses

The molecular weighis of the differemt
alleles were calculated by Alpha Ease Fc 5.0
software. The marker data was analyzed using
the software Graphical Genotyper [20]. The
homozygous recipient allele, homozygous
dominant aliele and heterozygous allele were
scored as ‘A’, ‘B’ and ‘H’, respectivety. The
percent markers homozygous for recipient
parent (%A} and the percent recipient alleles
including heterozygous plants (%R) were
calculated. All experimental analyses of the
agronomic traits were performed in a
completely randomized design with at least
thrice. Data were analyzed with the use of the
Duncan’s multiple-range test (P<0.05).
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3. Results
3.1. Foreground and recombinant selections

As the obtained result from screening of 30
SSR markers at the 1iarget region on
chromosome 1 for polymorphic markers, ten
markers showed pholymorphics between the
parents. Two markers, namely RM493 and
RM3412b tightly linked to Saitol and four
markers RM1287 RM562, RM3252, RM490
were deiected for foreground and recombinant
selection, respectively. In each backcross
generation (BC,F, - BC;F;), the target locus
Saltol was monitored by markers linked to the
Saltol genes. Individual BCnF, plants were first
selected based on the heterozygous nature of all
the target loci at Saltol region. Only a few such
selected individuals that had the least donor
alleles of the background markers were chosen
to be backcrossed with Bac Thom 7. In
advanced backcrosses and selfed generations,
marker polymorphic RM493 and RM3412b
tightly linked with Salto! was used to screen .

Four polymorphic markers between Bac
Thom 7 and FL478 at target region were used
to screen individual BCF, plants. In
conjunction with background section, the Saliof
carmer chromosome 1 of a few selected
individuals, including plants oumber 1, 7, 8 and
26 in BC,F,, whereas, the plants numbers 10,
14, 30, 41, 359 in BC,F, was characterized with
two markers for foreground selection (RM493
and RM3412b). When the selected plants of
BC;F, (plants number, 10, 30, 32 and 359) were
screened with these two markers, the alleles of
markers from RM3412 (12597139bp) through
RM493 (13376867bp) were of the donor
(FLA78) type, and the alleles of all the

remaining markers from RMI1287 (11836436
bp) to RM562 (16232926 bp) cnwards were of
Bac Thom 7, indicating that these plants were
single recombinants.

3.2, Background selection

A total of 477 SSR markers were screened
for polymorphism between Bac Thom 7 and
FI.478. Among them, 89 (18.7 %) markers
showed polymorphisms on 4 % polyacrylamide
between the parents. The 89 polymorphic
markers were unsed to background selection.
The results for polymorphism by SSR marker
analysis are diagrammed in Figure 3. Eighty
nine polymorphic markers between the parents
distributed on chromosome | (twelve), 2, 11
(seven), 3 (ten) 4, 10, 12 (five), 5, 6 (fouwr), 7, 9
{eight), 8 (six), respectively (Fig. 3). In BC,F,,
A total of 30 microsatellite markers were used
for background selection in 25 BC,F, plants
resulting from foreground and recombinant
selection (Figs. 1, 2). Based on the foreground
and background selection, two selected BC,F1
plants (Nos. 7 and 13) were developed BC:F,
popuiations. In the BGC;F, population, 43
polymorphic markers were used for background
selection in 19 BGC,F, plants resulting from
foreground and recombinani selection plants
No. 21, 41. For plant No. 21, chromosomes 3,
and 8§ were of complete recipient types. In this
experiment, the background analysis of BC:F,
revealed the recurrent genome recovery of up to
100% at which individual lines were ranging
from 81% to 100% as shown in Fig. 4. The
recurrent genome recovered in the plants No.s
IL-30, IL-32 is expected to be 99.2% and
100% , respectively (Fig. 4).
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Figure 2. Graphical representation of the regions on chromosome lcontaining Saltol.

White portions of the bar = homozygous
Bac Thom segment, black regions =
homozygous Saltol segment, and diagonal
slashes = regions where crossing over occurred.,
Markers polymorphic between Bac Thom and
F1A78 are label on both sides of the
chromosome. The estimated distances in kb
between the SSR markers and their orders are

available at w w w.gramene. org [21]

Table 2 shows the agrenomic traits in field
screening of the IL to compare with the Bac
Thom 7. In general, there is no significant
difference beween the morphological traits of

IL. and Bac Thom 7. However, the plant height
(PH) of IL-30 and IL-32 was 4-5 ¢m higher
than that of Bac Thom 7. The agronomic traits
including day to heading (DTH), and
secondary plant number (SP) were similar 10
those of the recurrent parent, Bac Thom 7
(Table 2). Moreover, The cther traits such as
panicle length (PL), panicle number (PN),
primary plant number (PN), seed per panicle
(SP), Spikelets per panicle (spp) and grain
yieid, 1000-grain weight of the selected two
lines were almost the same as those of Bac

Thom 7. (Table 2).
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Figure 3. Graphical representation of mapping. Chromosome numbers are at the top of the bars. White portions
of the bars are derived from Bac Thom 7 and dark regions with the SSR markers linkage the Saltol. Markers
polymorphics between Bac Thom 7 and FL478 are labeled on the lefi of the chromosomes.
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Figure 4. Frequency distribution of the percentage of recurrent parent genome (Bac Thom 7) in the BCiF,
population derived from the cross between Bac Thom 7 and LF478. The vertical axis of each figure represents
the relative numbers of BC;F, plants.

4. Discussion

Chimate change is causing negative impacts
on rice production, which is the most important
crop in Vietnam, and its production is mostly
confined to the most vulnerable coastal regions.
Climate change is severely aggravating the
adverse impacts of abiotic stresses on rice
production. Most of the rice production lands in
coastal areas are already being affected by the
rising sea level, increasing the incidences of
salinity. However, salt stress problems in field
crops can effectively be mitigated through the
use of tolerant rice varieties and proper
management and mitigation strategies. It is
imperative to develop salt tolerance rice
cultivars with high yield potential and grain
quality using modern tools of biotechnology.

However, it is often difficult to incorporate salt
tolerance genes into a high yielding varieties by
conventional breeding methods due to the
unexpected linkage drag encountered in the
progenies, which affects yield and grain quality
characteristics of rice cultivars [22, 23].

It is also challenging to achieve a definite
goal of salt tolerance wsing conventional
breeding strategies when the target gene is
linked with an unfavorable dominant gene [24].
Nevertheless, using the tools of biotechnology,
it is plausible to transfer valuable genes of salt
tolerance stresses in rice without linkage drag
[25]. In this study, Bac Thom 7 was selected as
the recipient parent because it is good quality
rice and always gives high profit for milled rice.
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Figure 5. Graphical representation of the plant IL-30 genotype. Chromosome numbers are located at the top of
the bars. Black portions of the bars are derived from Bac Thom 7 and slash regions indicated the Saltol and
FL478 introgressions, Markers are labeled on the right side of the chromosomes.

Our study focuses on combining the useful
agronomic traits of Bac Thom 7 with saltol
QTL/gen, which attached salt tolerance in
backcross breeding lines by conversion to the
recurrent parent genotype using molecular
genotyping with SSR markers. We successfully

transferred the Saltol from donor line FL478
into Bac Thom 7. The Saltol gene was
identified in an introgression line, highly salt
tolerant FL478 (IR 66946-3R-178-1-1), which
inherited the gene from the Pokkali [26].
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Table 2. Performance of principal agronomic traits and salt tolerance of 1L.30 and 1L.32 lines,
which were selected as the most promising lines

Cultivar/ Agronomic trails
Breedingline ~ Safel - DTH  PH PL = py  pg g gp spp THO
_present (d) (cm)  {cm) (g)
Bac Thom 7 . 109° 107.5° 21.0° 63 83 35 127* 1376 185
FLATS Saltol 1100 101.2> 228" 78 76 34" 1068 1256 28.7°
[L-30 Saliol 110" 1103 212 65" 81" 35 130" 140" 187
IL-32 Saliof 110" 1065 21.1* 65 82 35 129%a 1397 188
LSD (05 027 ©38 052 008 010 009 061 056 04l

Means with the same letter in a column are not significantly different at P<(.05. Abbreviations present agronomical traits

which presenied in the Maierials and Methods

Here, we used the MABC breeding method
to transfer the saltol gene into a popular cultivar
by phenotype and genotype selection. Using
SSR markers (RM493, RM3412b) for the saltol
gene ensured efficient foreground selection.
The co-dominant nature of SSR markers could
be wvery wnseful in addiion to gene-based
markers for the introgression of the salrof locus
mto a wide range of recipient elite cultivars.
The selfed progenies or recombinant
homozygote plants in the target region were
selected from 300 to 478 plants for each
backcrossing genenration with foreground
sélection. Our results demonstrate that a major
salt tolerance gene (saltol) from the donor
parent FL478 was successfully wransferred into
the Bac Thom 7 genetic background and
expressed a similar phenotypic characteristics
when compared with Bac Thom 7.

5. Conclusions

We have developed a salt tolerance of Bac
Thom 7 variety by using marker-assisted
backcross, which was control by a major Saltol
QTL. The recovery of the recumeml parent
genome by molecular genotyping and selection
could increase the efficiency of the MABC
strategy, and this was achievable in a short span

of time. This study could have an good impact
in rice breeding and it is applicable for the
introduction of important agronomic iraits into
the genomes of popular rice cultivars.
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Ung dung phuong phép chon giong bing chi thy phén tir va lai
tro la1 quy tu QTL Saltol chiu mén vao gidng Iita Bac Thom 7

Lé Hung Linh', Tran Dang Khanh' Nguyén Vin Luin', Pong Thi ij Ciic',
Lé Duy Dic', Ta Hong Linh®, Abdelbagi M Ismail’, L& Huy Ham'

Yvign Di fruvén Néong nghiép, Pham Van B&ng, Ha Noi, Viér Nam
*Vién Khoa hoc Nong nghiép Viét Nam, Thanh Tri, Ha Néi, Viét Nam
*Vién Nghién ctru Lila Quéc i - DAPO Box 7777, Metro Manila. Philippine

Viét Nam 12 mét trong nhimg quéc gia chju anh huréng 16n nhét do bién ddi khi hdu & chiu A. Lia
1a cdy lwong thuc chinh & Viét Nam dong thoi déng vai trd quan trong 45i voi nén kinh té. Mic db
vay, san lugng lia va dién tich canh tic déu dang chiv nhimg anh hwong bt lgi do myuc mrée bién
ngay cang dan cao. Phuong phép chon giong phin ttr 12 phuong phap thiét thie, hiéu qua cho viée 1a0
ra cic gidng méi c6 kha ning chéng chiu trude c4c diéu kién bat thudn nay. D¢ tao gidng Bic thom 7-
chiu miin, gifmg FLA78 c6 gen chiu man (Saltol) duoc sir dung 13 ciy cho gen, dé chuyén vao giong
Béc thom 7 bang phuong phap chon giong nhér chi thi phan 07 va lai ro lai (MABC). Sau ba thé hé Im
tro lai véi muc dich chu}ren atlen Sairol chiu man sang gmng Bic thom 7. cic c4 the duoc chon cay sb
I1.-30 va IL-32 trong quén thé BC:F, di dat duoc nén di lruyen cia ciy me lén dén 99.2% va 100%.
Nhimg dong dm;m chon nity mang alen Safron va di duoc réng the nghiem dong rudng o Ha ndi. Két
qua cho thiy tat ca cic dong chon loc ndy deu mang gen Sa!mf gmng F1.478 trong khi cdc chi téu

ndéng sinh hoc coa cic dong lai irong tu vol nén di truyén caa gidng Bac Thom 7.






