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Exploring novel QTLs among backcross lines for salinity tolerance in rice
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ABSTRACT

Wild progenitor species of rice (Oryza rufipogon Grift./ Oryza nivara Sharma et. Shastry) are rich source of genes
for both the biotic as well as abiotic stress tolerance. Wild rice accession NKSWR 173 has been identified as highly
tolerant to salinity stress at seedling stage and moderately tolerant at reproductive stage after evaluation of more than
two hundred wild rice accessions from across India. In a bid to introgress the salt tolerance trait from NKSWR 173
to a high-yielding mega variety of rice IR 64, we screened a segregating BC, population for identification of suitable
lines for making the second backcross using both controlled phenotyping and QTL flanking DNA markers. Four lines,
namely SN 32, SN 33, SN 39 and SN 45 were found highly tolerant to salinity at both seedling and reproductive stage
and were backcrossed to IR 64 to generate BC,F seeds for development of advance introgressed lines. Introgression
of novel salinity tolerance genes for both the seedling and reproductive stages in mega variety of rice will be useful

in achieving high productivity in salt affected rice areas.
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Salinity is a major issue in rice production, which
affects about 30 percent of the cultivated land (Singh et
al. 2016). Critical salinity levels with EC 6.9 dS/m may
cause a yield loss of up to 50% (Radanielson et al. 2018).
Different breeding approaches are being used to develop salt-
tolerant crop varieties with varying level of success (Turan
et al. 2012). A molecular breeding approach accelerates
the mapping and introgression programme more precisely
in comparison to conventional linkage mapping (Singh et
al. 2011). An advanced backcross QTL method has been
utilized for introgression of the traits from wild species
into cultivated species (Tanksley ez al. 1996). Rice has 24
different species with 11 genome types reported till now
(Jacquemin et al. 2013). Indian wild rice; O. nivara and
O. rufipogon are gold mine of genes for biotic and abiotic
stress tolerance (Singh et al. 2018; Tripathy et al. 2018).
They have been used as donors for several agronomically
important traits (Swamy et al. 2014). Saltol QTL mapped
using mapping population derived from Pokkali/IR 29
crosses are widely being used as donor Marker-assisted
introgression programme (Gregorio et al. 1997). Saltol
locus has been transferred from FL-478 to Binadhan-7
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(Mondal ef al. 2013), Pusa 44 and Sarjoo 52 (Krishnamurthy
et al. 2020) using marker-assisted backcross breeding
(MABB) programme. ICAR-NIPB has collected over 800
accessions of O. nivara/O. rufipogon wild rice from nine
eco-geographical zones of India (Singh ez al. 2018, Tripathy
et al. 2018). From a subset of this collection NKSWR 173
was found to be highly tolerant to seedling stage salinity
stress of 150 mM NaCl (Mishra et al. 2016). QTLs have
been identified for high salinity tolerance at seedling stage
and reproductive stage (EC 6dS/m) using a BC, mapping
population derived from cross between elite high yielding
cultivar IR 64 and NKSWR 173 (unpublished results). The
present study was aimed at selecting a suitable backcross
line using SNP markers for further backcrossing with IR
64 to ensure the transfer of QTLs for both seedling and
reproductive stage salt tolerance.

MATERIALS AND METHODS

Phenotypic Evaluation of the Salinity Tolerant
Backcross Lines: BC|F, families were screened for salinity
tolerance at seedling stage following randomized block
design at National Phytotron Facility, New Delhi (Gregorio
et al. 1997). The tolerant individuals with SES score 1
or 3 were transplanted in the field (ICAR-IARI, New
Delhi-2017). Among the 36 lines that were transferred to
the field in salinity micro plots, only 31 could establish
successfully. These 31 families were evaluated for yield
related traits including plant height (cm), tiller number,
panicle length (cm), panicle branches (numbers), seeds per
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panicle (numbers), and test weight (g). Segregation pattern
of different backcross families for different agronomic traits
were analyzed. The backcross lines were also evaluated
phenotypically for the presence of undesirable wild traits;
seed shattering, long awns and chaffiness.

Genotyping for the backcross lines for presence of
QTLs: In order to screen the back cross families for the
presence of positive alleles of QTLs for salinity tolerance
traits at both the seedling and reproductive stages, the BC|F,
were analyzed for the peak as well as flanking SNP markers.
A list of peak and flanking markers for the mapped QTLs
in NKSWR 173 is given in Table 1 (unpublished).

Analysis of the backcross lines for percent RPG
recovery: BC|F, families were selected based on phenotype
and genotype data, were also evaluated for recurrent parent
genome recovery (RPG) using GGT2 software (Berloo et
al. 2008). All the polymorphic markers between the parents,
except the markers used for foreground selections of desired
QTLs were used for background genome recovery of tolerant
and transferred backcross families.

Development of advanced backcross lines: BC F,
plants selected based on phenotype, QTL flanking markers,
and agronomically essential traits were again backcrossed
to IR 64 to produce BC,F, seeds. Seeds of BC,F, plants
were harvested for growing BC,F, families and kept for
evaluation in next season to develop advanced introgressed
lines (AILs) during 2020.

RESULTS AND DISCUSSION

Advance backcross quantitative trait loci (AB-QTL)
technique is the fastest and easiest way for simultaneous
mapping and introgression of useful agronomic traits from
a wild unadapted donor parent into the commercial cultivars
(Tanksley and Nelson 1996). For precise introgression
of the trait, backcross lines must be evaluated for the
concerned trait phenotype, genotype and recurrent parent
genome recovery. The segregating backcross lines at BC,
need to be characterized for the identification of a suitable
donor for further backcrossing to accumulate favorable
alleles for most of the QTL with minimum linkage drag.
The backcross inbred lines (BILs) are also analyzed for
molecular dissection of the QTL regions (Puram et al.
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2017). O. nivara and O. rufipogon have already been
used as donors for yield enhancement of PR 114 and Pusa
44 (Gaikwad et al. 2014). Saltol, an important QTL, for
seedling stage salinity tolerance, has also been analyzed in
backcross population to dissect the QTL region (Alam et
al. 2011). The present study was essential to analyse the
backcross lines before further backcrossing to ensure that
the advance introgression lines (AILs) have all the important
QTLs for both seedling and reproductive stage salt tolerance
among the segregating BC, families. The backcross families
was mapped for high salinity tolerance at seedling stage
with 150 mM of salt, while moderate salt tolerance at
reproductive stage with EC ~ 6.0 165 dS/m (unpublished
and communicated data). Among the 74 BC,F, families, 36
were found phenotypically highly tolerant at the seedling
stage. These 36 families were analyzed for the presence of
mapped QTLs responsible for salinity tolerance at both the
stages and are discussed below. Our aim was to identify
the backcross lines having QTLs for salinity tolerance for
both the seedling as well as reproductive stages from the
desired source NKSWR 173. The QTLs for seedling stage;
qSESI.1 and ¢gSES 3.2 were having high tolerance, whereas
those for reproductive stage; ¢STY11.1 was having moderate
tolerance to salinity (unpublished and communicated data)
(Table 1). Therefore, backcross lines were phenotypically
screened for salinity tolerance at seedling stage and tolerant
lines were genotypicaly screened for the presence of QTLs
for both the stages.

Presence of QTLs in the backcross lines for seedling
stage salinity tolerance: Thirty-six BC,F,families with
seedling stage salinity tolerance were analyzed for the
presence of peak as well as flanking markers for the QTL
for seedlings stage tolerance. Fifteen families (SN 15, 19,
32,33, 36, 37, 39, 43, 45, 49, 51, 52, 53, 55 and 75) were
identified which were having QTLs from the donor parent
NKSWR173 based on peak markers only. However, among
these families, ten families (SN 15, 32, 36, 37, 39, 43, 49,
51, 52, & 53) were identified based on flanking markers
also (Fig 1). These lines ensured the complete transfer of
QTL loci from donor parent.

Reproductive stage salinity tolerance in the backcross
lines: The presence of ¢STYI1l.1 QTL for reproductive

Table 1 Peak and flanking markers for the seedling and reproductive stage salinity tolerance QTLs used for introgression from wild
rice accession NKSWR 173 in mega variety of rice IR 64.

Trait QTL Peak SNP Marker Peak position (cM)  Flanking Markers ~ Marker interval (cM)  Source
QTL for seedling ~ ¢SESI.1 CSCWR- 123.67 SCR100-0Os01g47350 116.4 - 126.6 NKSWR
stage salinity Os01g48720 - SCR200- 173

tolerance 0s01g49670
qSES3.2 CSCWR- 30.23 SCR100-0s03g07480 25.3-333 NKSWR
0s03g07870 - CSCWR- 173
0503208999
QTL for qSTYI11.1 SCR200- 44.66 SCR200-Os11g32360 40.1 - 46.5 NKSWR
reproductive Os11g32720 -SCR200- 173
stage salinity Os11g34150
tolerance
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Fig 1 Distribution of BC,F, individual’s selected for both the
seedling as well as reproductive stage salinity tolerance.
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families with seedling and reproductive stage salinity
tolerance were analyzed for recurrent parent genome
recovery using genotyping data from 50K SNP chip. The
recurrent parent genome recovery among backcross lines
were ranged from 34.3-98.9%. The recurrent parent genome
recovery among salinity tolerant lines at seedling stage was
in the range of 34.3-58.6 % (Fig 2). That indicates the
need of additional backcrosses in order to get the desired
recovery percentage.

Agronomic performance of the BC, introgression line
hybrids: The agronomic performance of different lines
along with their parents were analyzed using Un-weighted
Pair-Group Method with an Arithmetic average (UPGMA)
clustering analysis for the agronomically important traits
were; panicle length, number of branches per panicle,
number of tillers per plant and test weight. Two major
clusters were obtained in which two parents were separately
placed (Fig 3). Cluster I (CI) was formed with the recurrent
Chr06 Chr07 Chr08 Chr09 Chri0  Chr11  Chr12 RPG (%)

Fig 2 Distribution of donor and recipient genome segments in selected BC,F; plants based on background genome analysis. Green =
Recipient parent; Red = Donor parent; Pink = Heterozygous. RPG (%) = Recovery percentage of Recipient parent genome.
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Fig 3 Cluster analysis of all the tolerance BC1F1 families and their parents based on
agronomically important traits; Ind 1(IR 64) & Ind 2 (NKSWR 173).
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parent, i.e. IR 64 (Ind I) and 22 BC,F, individuals those
are arranged in different sub cluster and sub-sub cluster
based on similarity coefficient. Cluster I (CII) was formed
with the donor parent, i.e. NKSWR 173 (Ind II) and eight
BC,F, individuals. In cluster II donor parent formed a
separate sub cluster while other eight individuals formed
a separate sub cluster. Ind 33 and Ind 48 formed a separate
out group from both these major cluster are showing their
extreme phenotypes from parents. It was observed that most
of the tolerant individuals of BC,F, families were close to
recurrent parent based on yield related traits. Selected salt
tolerance lines for both the stages (SN 32, 33, 39 and 45)
were also clustered and it was observed that SN 32 and 45
were too closed to IR 64, while SN 39 was highly closed
to NKSWR 173. SN 33 was not showed any similarity with
either parent, placed them in the out group that showed their
extreme phenotypes.

The study was aimed at identifying BC, having
both seedling stage and reproductive stage salt tolerance
based on phenotypic performance as well as QTL peak
and flanking markers, so that it can be used for further
backcrossing. Among backcross families, ten families were
salinity tolerance at the seedling stage, while seventeen
were tolerant for the reproductive stage based on peak
and flanking markers for QTL. Four backcross families;
SN 32, 33, 39, and SN 45 were found tolerant for both
the stages with all the QTLs. These lines will be grown to
produce BC,F, families in a similar way to identify advance
introgression lines with all the QTLs with maximum RPG
genome recovery.
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