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Abstract. This study focus on developing new salinity tolerance and high yielding rice lines, using
markers assisted backrossing (MABC) as a technological tool for breeding. Total of 500 SSR
markers on 12 rice chromosomes were screened for parental polymorphic markers. Of which, 52
primers in the Saltol region were examined with the two parents varieties to identify polymorphic
primers for screening the Saltol region of the breeding populations. An analysis of 63 SSR markers
on approx. 500 plants for each backcross generation of ASS996/FL478 for three steps selection.
The two BC,F, plants P284 and P307 which had the highest recipient alleles up to 89.06% and
86.36%, were chosen for the next backcrossing. Three BC,F,; plants with the recipient alleles up to
94,03 and 93,18% were used to develop BC;F; generation. The best BC;F; plant was P284-112-
209 with all the recipient alleles and Saltol region. The four plants P307-305- 21, P284-112-195,
P284-112-198, P284-112-213 were the second ranking with only one locus heterozygous (applied
63 markers covere on 12 chromosomes). These five plants were chosen as the breeding lines as the
result of Saltol-AS996 introgression. The breeding line BC4F; having 100% genetic background of
donor variety is ready for develop new salinity tolerant variety ASS996-Saltol to cope with climate

change.
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1. Introduction

Rice is the most important food source for
half of the world’s population and also the
main staple food for most of the country's 86
millions people. Vietnam is the world's second-
largest rice exporter, along with the top exporter
Thailand, both counted for 50 percent of the
world rice trade. Developing adaptation rice
varieties to cope with climate change and sea
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level rise for the Red River Delta and Mekong
River Delta is crucial to Vietnam economy and
food security, it also contributes to the global
food security.

IRRI the
development of high yielding rice varieties

Research at resulted in
tolerant of abiotic stresses such as submergence
and salt stress, and these varieties can help the
unfavorable coastal areas less vulnerable to
climate change impacts [1]. These improved
developed using  both
conventional and modern breeding methods.

varieties  were
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Breakthroughs in salinity tolerance breeding
became feasible after the identification of major
chromosomal regions (Quantitative trait loci,
QTLs) underlining salinity (Saltol) stresses, and
the development and use of a marker system for
their speedy incorporation into modern high
yielding and popular varieties through marker
assisted backcrossing (MABC) [1]. The
foundation of MABC strategy is to transfer a
gene/QTL from a donor line to a recipient line
while selecting against donor introgressions
across the retained genome [2, 3, 1]. MABC
breeding strategy was applied for developing
new salt tolerance Vietnam’s varieties.

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

- FLA78 was used as the donor of Saltol.
The recipient variety was AS996, which is
widely grown cultivars in the South of
Vietnam. For the MABC breeding strategy,
AS996 was crossed with FL478 to obtain F1
seeds. F1 was backcrossed to AS996 to
obtained a large number of BC,F;. Total 573
BC,F, plants were screened for foreground,
recombinant and background selections. The
plants carrying target QTLs and the biggest
recepient genom were selected for the next BC
generation. Over five hundreds BC,F; and then
371 BG;F, plants were screened for foreground,
recombinant and background selections. The
BC,F, or BCsF, individuals carrying target
genes and almost recepient genom were
obtained.

2.2. Parents SSR polymorphism screening

Approx. 500 SSR markers distributed in the
12 chromosomes including foreground,

recombinant and background markers were
screened.

2.3. Genotype data analyses

Genotype data anlyses were obtained by
analyzing DNA with SSR markers using 15 pL
PCR reactions on 96-well plates. After initial
denaturation for 4 min at 94°C each cycle
comprised 1 min denaturation at 94°C, 1 min
annealing at 55°C, and 1 min extension at 72°C
with a final extension for 5 min at 72°C at the
end of 30 cycles (Eppendoft thermal cyclers).
The PCR products were
bromophenol blue gel loading dye and were
analyzed by electrophoresis on 4.5%
acrylamide gel at 1500V (Biorad system)
followed by silver stainning steps and scoring;
or electrophoresis on 6% -8% acrylamide gels
at 100v (Dual Triple-Wide Mini-Vertical
System, C.B.S.Scientific, CA, USA) followed
by SYBR-Safe staining (Invitrogen), gel
documentation (Alpha Innotech), and manual
scoring of the gel pictures.

mixed with

2.4. Data analyses

The molecular weights of the different
alleles were scored using Alpha Ease Fc 5.0
software. The marker data was analyzed using
the software Graphical Genotyper (GGT 2.0)
[4]. 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.

2.5. Evaluation of salinity tolerance

Pre-germinated BC,F, and BC;F; seeds
were sown in holes on styrofoam floats with a
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net bottom suspended on trays filled with
Yoshida nutrient solution [5]. Three
replications were used for each experiment,
with nine individual plants per line evaluated
for each replication. Salt stress was imposed 14
days after germination by adding NaCl to an
EC of 12 dS m-1 in Yoshida nutrient solution
until final scoring. IR29 (sensitive) and FL478
(highly tolerant) were used as checks. The pH
of the nutrient solution was adjusted daily to
5.0, and the culture solutions were replaced
every 5 days. Entries were scored based on
visual symptoms using IRRI’s Standard
Evaluating Score (SES) for rice, with ratings
from 1 (highly tolerant) to 9 (highly sensitive) [6].

3. Results and discussion
3.1. Parental SSR polymorphism screening

A number of about 500 SSR markers on 12
rice chromosomes were screened for parental
polymorphic
recombinant and background analyses. Of the
500 SSR markers, 52 primers in the Saltol
region were checked with the two parental

markers for all foreground,

varieties to find out more polymorphic primers
to use for screening the Saltol region of the
populations.

Total 63 polymorphic primers for the cross
AS996/FLAT78 were identified. The result
showed that frequence SSR markers for DNA
polymorphisms between parental AS996/FLA478
was very low. All those markers were used for
screening the BC,F;, BC,F; and BC;F,
generations.

3.2. Genotyping

3.2.1. Genotyping BC,F,

We have already applying MABC on
foreground selection, recombinant selection
folowed by background selection. MABC is a
precise and effective method to introgress a

single locus controlling a trait of interest while
retaining the essential characteristics of the
recurrent parent [2]. MABC has three main
advantages over conventional backcrossing.
Firstly, DNA markers can be used for simple
and efficient selection of the target locus
(‘foreground selection’). Secondly, the size of
the donor chromosome segment containing the
target locus can be minimized (‘recombinant
selection’). Thirdly, the recovery of the
recurrent parent can be accelerated by selecting
backcross lines with a higher proportion of
recurrent parent genome (‘background selection’).

Saltol is a major QTL associated with the
Na-K ratio and seedling-stage salinity
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tolerance, was identified on chromosome 1.
This QTL was tested in a hydroponic screen at
the seedling stage revealed that this QTL
explained 43% of the variation for seedling
shoot Na—K ratio in the population [7]. One
highly salt tolerant RIL from this population,

Giigdbrud
]

FL478 (IR 66946-3R-178-1-1), has been

promoted as an improved donor for breeding
programs, as it has a high level of seedling
stage salinity tolerance and is photoperiod
insensitive, shorter and flowers earlier than the
original Pokkali landrace.
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Figure 2. Physical map of Salton region 11.1-11.6Mb on chr.1.

Several global gene expression profiling
studies have investigated transcriptional
differences between the susceptible IR29
compared with FL478, revealing the up-
regulation of genes in FL478 under salt stress
for ion transport and cell wallrelated genes [8,
9], while differential expression was observed
in roots for cation transport proteins [10] and
kinases and phosphatases [11]. Furthermore, an
analysis of single feature polymorphism in the
Saltol region suggested that FL478 contained a
DNA fragment smaller than 1 Mb from Pokkali
at 10.6-11.5 Mb on chromosome 1, flanked by
IR29 alleles [12]. In 2010, based on result from
IRRI scientist, more STS markers were
developed for used in MABC. The physical
map of Saltol region was shown in figure 2.

Based on the map of Saltol QTL region, the
best markers within the Saltol QTL region were

AP3206 and RM3412, the most useful markers
flanking the Saltol region were RM10694
(telomeric to Saltol) and RM493 and RM10793
(centromeric to Saltol), while nearby markers
that can be used for negative selection are
RM490 above Saltol and RM7075 below.
unlinked to Saltol
covering all the chromosomes, that were
polymorphic between the two parents, were
used for recombinant and background selection
to recover the recipient genome. Among 500
SSR primers surveyed, 42 markers were
analysed for selection initially on BCIF1
individuals. For foreground selection, AP3206,
RM3412 and RMI10793 were
screening heterozygous plants. After that step,
another flanking markers were used to

Microsatellite markers

used for

identified the recombinant plants.
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Figure 3. Screening individuals on crossed BC,F;(AS996/FL478) using primer AP3206.
Lane 1: 25bp marker, 2-25 and 26-47: BC,F, in dividuals, Lane 48:AS996, Lane 49: FL478

Figure 4. Screening individuals on crossed BC,;F;(AS996/FL478) using primer RM310.
Lanes 26, 51: 25bp marker, 2-25 and 27-48: BC,F in dividuals, lane 49:AS996, lane 50: FL478

In table 1 was the recipient allele of the
twelves BC;F; recombinant individuals, the

percent markers homozygous for recipient

parent was “A%”, the percent markers

heterozygous was “H%’ and the percent
recipient alleles including heterozygous plants
was “R%’.

Table 1. The recippient allele of the twelves BC,F; recombinant plants

Plant number 65 149 228 238 281

284 305 307 311 401 411 426

A% 5526 51.43 60.53 4474 5625 78.13 66.67 7576 63.64 73.68 66.67 63.64

H % 3438 3793 36.36 3438 15.63 21.88 3333 21.21 3636 0.00 33.33 36.36

R % 7245 7039 78.71 6192 64.06 89.06 83.33 86.36 81.82 73.68 83.33 81.82

Total of 12 recombinant plants were used
for background selection. Two plants P284 and
P307 having the highest recipient alleles up to
89.06 and 86.36% were used to develop BC,F,
populations. In case the ordinary breeding was
applied, frequency of recipient genome was
only 75% in the BC,F;, lower than in this study
11-14%.

3.2.2 .Genotyping BC,F;

Approx. five hundred BC,F, individuals of
the cross (AS996xFL478) were grown and
analysed. The same procedures were applied to
screen the foreground selection again with
AP3206, RM3412, RM10793, RM10711. The
recombinant  selection was done with
RM10694,RM562, RM7075 along the Saltol
region on chromosome 1. From 250
heterozygous plants, 26 recombinant plants
were identified.
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Figure 5. BC,F; (AS996xFL478) individuals screening using primer RM 10793 - left, and RM10711- right.

For background selection, the primers
shown heterozygous DNA bands from previous
generation with 10 more additional primers
were used. Plant P307-322, P284-112 and
P307-305 were the best plants with the recipient
alleles up to 93,18% and 94,03% respectively.
These three plants were used to cross with
recipient variety for BC;F, generation. In each
individuals, half of the tillers were used for
BC;F crossing, the others were used for BC,F,
selfing. In the case where the ordinary breeding
was applied, frequency of receipient genome

alleles about 5,7- 6,5% higher than those of
conventional method.

3.2.3. Genotyping BC;F,

From the above results, three populations
from three plants were analysed. Total of 371
plants were screened for the four markers
located in the Saltol region. Only 94 plants
were used for recombinant selection. In
background selection, 25 primers were used. In
figure 6 was the graphical of 14 BGC;F,

individuals, which was given by GGT2.0

was only 87,5% in the BC,F,, but in here, the software.
best plants were selected with the recipient
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Figure 6. Graphical of the 14 recombinant BC;F; plants using GGT2.0 software.
Plant P284-112-209 was the best BCsF,; 112-198, P284-112-213 were the second

individual with all the recipient alleles screened
based on total of 63 markers (figure 7). The
four plants P307-305- 21, P284-112-195, P284-

ranking with only one loci heterozygous. All
those 5 plants were chosen as the breeding lines
for result of Saltol-AS996 introgression.
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Figure 7. Graphical of the best BC;F; plant P284-112-209 using GGT2.0 software.

3.2.4. Evaluation of salinity tolerance

As described in the part of method, BC,F,
and BC;5F, seeds were screening to evaluate the
introgression of Salfol fragment into AS996.
Salt stress was imposed 14 days after
germination by adding NaCl to an EC of 12 dS
m-1 in Yoshida nutrient solution until final
scoring. Based on visual symptoms using
IRRI’s SES for rice, when the suceptible
variety IR29 (sensitive) scored 9 and variety
FLA78 were used as highly tolerant checks
scored 3, all the BC,F, of the selected plants
P284-112, P307-305 and P307-322 having the
same score as the tolerant checks. It means that
the homozygous Saltol fragment working well
in BC2F2 generation. The BC3F1 plants scored
3-5 because of the heterozygous of Saltol
fragment.

The original IR29/Pokkali QTL study using
80 extreme RILs identified Saltol as the QTL
with the highest significance for shoot Na-K
ratio with an LOD of 14.5 and R2 of 64%,
based on selective genotyping [13]. A follow-
up study categorized the RILs into sensitive and
tolerant groups and mapped the position of
Saltol between RM23 and RM140 (10.7-12.2
Mb on chromosome 1), and confirmed the
effect of the shoot Na—K ratio with an LOD of
6.6 and R2 of 43% using 54 RILs [7]. While
neither of these studies presented the percent
variation explained for visual SES. tolerance
scores or survival, it was assumed that by
controlling the key mechanism of Na+/K+
homeostasis under stress, Salfol is a major
contributor to seedling stage tolerance. The data
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from the current study confirmed that Saltol
contributes to Na+/K+ homeostasis with an
LOD of 7.6 and R2 of 27% across the 140 RILs
and a 30% decrease in the shoot Na-K ratio,
from 1.7 to 1.2 in the IR29/Pokkali backcross
lines, while the Saltol effect on SES scores in
the QTL population and backcross lines was
much smaller. The fact that Saltol affected the
Na—K ratio more than other traits supports the
possibility that the sodium transporter SKCI1
gene underlying the Saltol QTL [8]. SKC1 was
found to encode a sodium transporter that helps
control Na+/K+ homeostasis through unloading
of Na+ from the xylem [15], which has been
suggested to function primarily in roots to
reduce the amount of Na+ ions that are
transported to the leaves [16]. Although the
SKC1 QTL was originally detected using Nona
Bokra, more research is needed to characterize
the Pokkali allele at SKC1 to determine if it
serves a similar function to maintain Na+/K+
homeostasis in the shoots. Interestingly, a
recent study identified a QTL for Na-K ratio
between 11.1 and 14.6 Mb on chromosome 1
from the upland japonica variety Moroberekan
[4] suggesting that the Saltol region may have
functional significance for salt tolerance across
both indica and japonica varieties. In this study,
all the BC,F, of the selected plants P284-112,
P307-305 and P307-322 having the same score
as the tolerant check. It means that the
homozygous Saltol fragment working well in
BC,F, generation. The next generation will be
used to check the function of Saltol in the
following BC;F,, BC,F;.

In conclusions, approximately 500 SSR
markers distributed in the 12 chromosomes
were screened for parental polymorphism. Of
which, 63 polymorphic markers were identified.

The result showed that frequence SSR markers
for DNA polymorphisms between parental
AS996/FLAT8 was very low. Two BC,F plants
P284 and P307, having the highest recipient
alleles up to 89.06 and 86.36%, were identified
for the next backcrossing. Frequency of
recepient genome in selected plants was 16-
19% higher than the ordinary breeding. In
BC,F,, three plants with the recipient alleles up
to 94,03 and 93,18%. were used to cross with
recipient variety for BC;F; generation. Plant
P284-112-209 was the best BC3F1 individual
with all the recipient alleles screened based on
total of 63 markers. The four plants P307-305-
21, P284-112-195, P284-112-198, P284-112-
213 were the second ranking with only one loci
heterozygous. All those 5 plants were chosen as
the breeding lines for result of SALTOL-AS996
introgression. Conventional breeding will be
applied on the BC4F;, BC;F, for selection of the
new salt tolerance rice lines with all receipient
genome.
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Quy tu QTL Saltol vao giéng Ita vu td cua Viet Nam - AS996
bang phuong phap chon giong nho chi thi phén tt
va lai hoi giao

Luu Thi Ngoc Huyén', Luu Minh Ctic', Abdelbagi M. Ismail®, Lé Huy Ham'

'Vién Di truyén Nong nghiép, Vién Khoa hoc Nong nghiép Viét nam
*Vién Nghién ciru Liia Quéc té - DAPO Box 7777, Metro Manila, Philippine

Muc tiéu cia nghién ctu la gép phé‘m chon tao giéng Ida chiu méan, ning suét cao, sir dung phuong
phap chon gidng nho chi thi phan tir két hop lai hdi giao (MABC-Marker assisted backcrossing) nhu 12
mot k¥ thuat cao trong chon tao giéng. Téng s6 500 chi thi SSR ndm rai rac trén 12 NST duoc st dung
dé sang loc da hinh cdc gidng bd me, trong d6 c6 52 chi thi trong ving gen Saltol. Chi tim duoc
63/500 chi thi da hinh, duoc sir dung dé sang loc cé thé ciia cdc quan thé hoi giao BC,F;, BC,F, va
BC;F;. Qua ba thé hé chon loc, da thu duoc mot dong BC;5F, - P284-112-209 ¢6 chira vung gen Saltol
va 100% nén di truyén cua gidng nhan gen va bén dong BC;F, khac P307-305- 21, P284-112-195,
P284-112-198, P284-112-213 chi c¢6 mét locut di hop tir trong s6 63 chi thi sang loc. Dong BC,F, di
duoc lai tao mang 100% hinh thdi va nén gen ctia ciy nhan gen AS996 sin sang cho phat trién gidng
Ida méi ASS996-Saltol chiu man ing phé voi bién ddi khi hau.



