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Abstract
In the existing investigation, experiments were carried out to assess the  F2 population’s resultant of crosses between improved 
Basmati 370 and MAS25 for various agronomical and root traits cultivated under aerobic water conditions. Large variations 
for grain yield, root length, root dry biomass, root thickness and length/breadth ratio of grain have been displayed in seg-
regating  F2 populations. A close examination of phenotypic correlation exhibited that in the  F2 population, root length was 
certainly matched up (r = 0.496) with root thickness. A DNA fingerprinting catalog for the currently studied  F2 generation 
was arranged using 61 polymorphic SSR markers. Composite Interval Mapping (CIM) inspection with WinQTL cartogra-
pher version 2.5 disclosed 13 putative QTL (Quantitative Trait Loci), out of which 6 QTL were for root characters 7 QTL 
for agronomical characters situated on 1, 2, 3, 8 and 10 chromosomes. The QTL documented in the above-said generation, 
some promising  F2 plants were also scrutinized and found in the homozygous or heterozygous state with high repetitions.

Keywords Aerobic rice · Linkage mapping · QTL · SSR markers

Introduction

Rice is a means of survival for the greater part of the earth’s 
inhabitants (Zhu et al. 2018). Rice is an extravagant con-
sumer of freshwater available for agriculture. Physical water 
insufficiency was observed in Asia on 17 million hectares 
of irrigated rice. Both freshwater requirement and rice con-
sumption are expected to increase by 55% of water require-
ment and rice consumption shift from 8.8% in 2011–2020 

to 32.75 by 2050 worldwide (Connor 2015; WWAP 2016). 
Water insufficiencies, climate change, and decreasing water-
table levels are the significant reasons for less flooded rice 
production (Monaco et al. 2016). A significant part of the 
entire water is utilized for land preparation alone. If ground-
water exploitation continues at the same pace in the next 
20 years, there will be a loss of around 60% in water aquifers 
in India. There is a need to increase rice productivity to get 
maximum production with a single drop of water. The alter-
nate strategy to combat water scarcity can be aerobic rice. 
Aerobic rice implies a cultivation system in which the rice 
crop is initiated by the direct-seeded method in non-puddle 
field conditions.

Aromatic Basmati rice serves as a prized commercial 
commodity because of its long grain and is famous for 
its fragrance, flavor and texture (Wakte et al. 2017). These 
are assessed as best in quality and get three times more 
worth than high-quality non-Basmati rice in the global trade. 
India has shipped 4.415 million tons (mt) of Basmati rice to 
the worldwide market with a total value of US$ 4722 mil-
lion (APEDA 2020). In the North-Western regions of India, 
drought and water availability are of great concern to the 
farmers. Basmati rice has confirmed difficulty in cultivation 
because of lessening combining ability and proportionate 
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incompatibility with indica/japonica cultivars. It also bears 
more inter-grouping hybrid sterility, making growing it more 
difficult (Khush and Dela 2002). Introgression of required 
traits from indica and japonica rice varieties into Basmati 
rice confers many complications because it’s very tough to 
keep all the Basmati traits intact during the selection proce-
dure. Compared to non-aromatic rice types, the demand for 
aromatic rice has multiplied in recent years in the rice mar-
ket. For sustainable Basmati rice production, if aerobic root 
traits could be integrated through the breeding program with 
the help of Marker Assisted Selection (MAS) in Basmati 
rice varieties, the problem of water crisis could decrease 
markedly.

In the present study, an effort has been made to cross 
the aerobic rice variety, MAS25 with the Basmati rice 
variety improved Basmati 370. Attempts have been made 
to scrutinize the presence of QTL using the SSR marker 
linked to them in the IB 370 × MAS25  F2 population. A little 
study has been done to evaluate Indian aromatic and qual-
ity rice (Nagaraju et al. 2002; Jain et al. 2004; Roy et al. 
2015; Prasad et al. 2020; Yogi et al. 2020). Marker-assisted 
selection could assist researchers in better understanding the 
genetic structure of novel cultivars with improved root char-
acteristics. Simple Sequence Repeats (SSRs) have a lot of 
promise, making it more desirable for genetic heterogeneity 
analysis, mapping of populations and marker-assisted plant 
upgrading strategies. The majority of SSR markers were 
connected with QTL for diverse root traits in direct-seeded 
rice or aerobic rice (Vikram et al. 2011; Sandhu et al. 2013; 
Dixit et al. 2014; Kharb et al. 2015; Zhao et al. 2018; Xu 
et al. 2020; Vinarao et al. 2021).

Rice has a considerable genetic variation in growth and 
development design, architecture and ecological adapta-
tions due to its root growth. Several genes control root traits 
through QTL in most cases. Since Champoux et al. (1995) 
presented the first investigation to locate genes by regulating 
root qualities of rice with SSR markers, several QTL associ-
ated with rooting traits that significantly increase grain yield 
in water-limited conditions have been described (Dixit et al. 
2012; Kharb et al. 2015; Shamsudin et al. 2016; Sandhu 
et al. 2018; Corales et al. 2020; Dhawan et al. 2021).

Materials and methods

Plant material

The study used improved Basmati-370, a scented high-yield-
ing basmati rice cultivar intolerant of aerobic environments 
obtained from Punjab Agricultural University, Ludhiana, as 
the female parent and MAS25, an aerobic rice variety devel-
oped by the University of Agricultural Sciences, Bangalore, 
as the donor parent.

Field study

The crop was grown in the CCS Haryana Agricultural Uni-
versity’s Rice Research Station in Kaul (Kaithal, Hary-
ana, India) during the Kharif season. Seeds were taken 
from chosen IB370 × MAS25-derived  F1 plants and sown 
in the field using the direct-seeded method under aerobic 
circumstances. All recommended agricultural practices 
were strictly followed to produce a high-quality crop. 
Seeds were direct sown in the field at 1–2 cm depth and 
20 cm row spacing with a 15 cm spacing between plants 
was kept. Irrigation is done every 5 days until panicle 
emergence, then every 3 days after panicle emergence. 
The level of water was kept at 790–1430 mm/ha.

Data were kept for IB370 × MAS25 derived 247  F2 gen-
eration on diverse physio-morphological and root mor-
phological traits, for instance, effective numbers of till-
ers, panicle length, plant height, 1000-grain weight, grain 
yield per plant, L/B (length to breadth) ratio of grain, root 
length, root thickness along with fresh and dry root weight 
appears in Table 2. Later, the data was analyzed to deter-
mine the frequency distribution curve, correlation coef-
ficient analysis, and variability for the various agronomic 
and root attributes.

The CTAB method (Saghai-Maroof et al. 1984) was 
used to isolate genomic DNA from leaf samples of 
15–21 day old young plants, to evaluate the quantity and 
quality of genomic DNA, agarose gel electrophoresis 
(AGE) was performed. By the electrophoresis unit system 
of C.B.S. Scientific Co., 4% polyacrylamide gels were uti-
lized to resolve the amplified products (Wang et al. 2003). 
The QTL used in this investigation was located using 
Windows QTL Mapper 2.5. The Gramene website (http:// 
www. grame ne. org) was employed to get the map location 
(cM) of all the markers in the IB370 × MAS25 derived 
 F2 generation used in the study. Parameters for scoring 
SSR allelic information can be found in the manual for the 
WinQTL cartographer.

Set of primer for rice aroma analysis

A specified set of primers were employed for evaluating 
the distinctness between Basmati and Non-Basmati rice 
cultivars for BAD2A (Betaine Aldehyde Dehydrogenase 2) 
genes (Bradbury et al. 2005) appears in Table 1.

http://www.gramene.org
http://www.gramene.org
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Results

Evaluation of IB370 × MAS25  F2 plants 
under the aerobic environment in both fields as well 
as net house

A vast disparity was noticed for different physio-morpho-
logical traits for IB370 × MAS25 derived  F2 population 
(247 plants) and parental rice varieties grown under aero-
bic field conditions (Table 2). Phenotypic correlation coef-
ficient scanning was implemented to evaluate the alliance 
between several traits in IB370 × MAS25-derived  F2 plants 
under aerobic field conditions (Table 3) and pots in the net 
house (Table 4).

In the current population, a positive correlation was 
observed in grain yield/plant with plant height (0.576, 
p = 0.01), effective no. of tillers per plant (0.696, p = 0.01), 
panicle length (0.425, p = 0.01) and 1000-grain weight 

(0.283, p = 0.01) under aerobic field conditions. While 
in pots under net house conditions, grain yield/plant also 
exhibits a notable affirmative alliance with panicle length 
(0.495, p = 0.05) and 1000-grain weight (0.729, p = 0.01) 
(Table 4). Root length, which is a significant trait of aer-
obic rice, found a remarkable positive connection with 
root thickness (0.496, p = 0.05), fresh root weight (0.513, 
p = 0.05) and dry root weight (0.463, p = 0.05).

The  f requency  d is t r ibu t ion  cur ves  of  t he 
IB370 × MAS25-derived  F2 population and ancestral 
genotypes are shown for a variety of agronomic and root 
qualities in (Fig. 1). The plant height frequency distri-
bution curve was skewed toward IB370. Effective num-
ber of tillers and grain yield per plant distribution curves 
were found to be illustrative and, to some extent, inclined 
towards MAS25. The curves for panicle length, grain 
weight per thousand grains, and L/B ratio were somewhat 
biased in favour of IB370. The MAS25-inclined frequency 
distribution curves for root length and root thickness.

Table 1  Primers for aroma Primer name Primer sequence

External sense primer (ESP) TTG TTT GGA GCT TGC TGA TG
Internal fragrant antisense primer (IFAP) CAT AGG AGC AGC TGA AAT ATA TAC C
Internal non-fragrant sense primer (INSP) CTG GTA AAA AGA TTA TGG CTTCA 
External antisense primer (EAP) AGT GCT TTA CAA AGT CCC GC

Table 2  Mean and range 
for both agronomic and root 
traits in improved Basmati 
370 × MAS25 derived  F2 
population raised under water-
limited field and net house 
conditions

Improved Basmati 370 (Yogi et al. 2021)

Trait Improved Basmati 370 MAS25 IB370 × MAS25  F2 
population

Range Mean

In field
 Plant height (cm) 108.5 ± 0.56 92.0 ± 0.48 80–136 108
 Effective no. of tillers/plant 7.5 ± 0.43 9.5 ± 0.61 4.0–22 13.0
 Panicle length (cm) 25.6 ± 0.22 22.3 ± 0.10 19.9–28.5 24.2
 1000-grain weight (g) 20.5 ± 0.12 20.3 ± 0.19 17.9–26.6 22.2
 Grain yield/plant (g) 8.8 ± 0.34 11.3 ± 1.20 3.9–40.9 22.4
 L/B ratio 4.9 ± 0.11 4.3 ± 0.08 3.4–5.2 4.30

In pot house
 Plant height (cm) 86.5 ± 0.37 80 ± 0.32 63–106 84.5
 Effective no. of tillers/plant 3.5 ± 0.12 3.0 ± 0.16 1.0–5.0 3.0
 Panicle length (cm) 20.5 ± 0.23 21.2 ± 0.45 20.0–26.5 23.23
 Grain yield/plant (g) 1.8 ± 0.14 1.7 ± 0.91 0.2–2.1 1.1
 1000-grain weight (g) 13.9 ± 0.54 12.9 ± 0.47 9.9–13.1 11.5
 L/B ratio 3.9 ± 0.12 3.8 ± 0.21 3.5–4.1 3.8
 Root length (cm) 31.5 ± 0.31 40.0 ± 0.18 22–50 36.0
 Root thickness (mm) 14.8 ± 0.36 16.8 ± 0.31 17.4–30.4 23.9
 Fresh root weight (g) 3.1 ± 0.22 3.6 ± 0.06 2.2–27.4 15.1
 Dry root weight (g) 1.0 ± 0.28 1.1 ± 0.33 0.7–9.3 5.0
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Allelic profile variation at the BAD2A locus 
for the fragrance characteristic

IB370 amplified two alleles of 585 and 257 base pairs 
because of Basmati characters’, while MAS25, non-Bas-
mati amplified 585 and 355 base pair size alleles. Fifty-
eight selected improved Basmati 370 × MAS25 derived 
 F2 Plants were divided into three groups: (i) plants having 
alleles of size 585 and 257 bp, (ii) plants having 585 and 
355 bp alleles and (iii) plants having 585, 355 and 257 bp 
size alleles in heterozygous state at BAD2A locus. A sum 
of sixty-eight IB370 × MAS25 derived  F2 populations from 
the field were sorted for BAD2A locus, with a proportion 
of 20:8:40 and BAD2A locus were also evaluated for 58-F2 
plants grown in net house, found a proportion of 12:18:28 
when comparing plants with homozygous fragrant, het-
erozygous non-fragrant, and homozygous non-fragrant 
genotypes, respectively. A sum of 58 plants (homozygous 
fragrant, heterozygous non-fragrant). For further microsatel-
lite marker study, the improved Basmati 370 specific allele 
at the BAD2A gene was chosen.

IB370 × MAS25-derived  F2 populations showed the 
presence of three different fragments of 585 bp, 355 bp and 
257 bp amplified using BAD2A-specific internal and exter-
nal primers. These alleles (or fragments) were comparable 
to those reported earlier (Bradbury et al. 2005). Basmati 
rice variety, IB370, amplified 585 bp and 257 bp fragments, 
indicating aromatic (or fragrant) rice variety, while the non-
aromatic aerobic rice variety, MAS25, showed amplification 
of 585 bp and 355 bp fragments.

Microsatellite marker analysis of IB370 × MAS25 
derived  F2 population

A sum of 93 SSR markers largely dispersed on all 12 rice 
chromosomes was utilized in the present investigation. Out 
of 93 SSR markers screened for polymorphism between two 
ancestor genotypes (IB370 and MAS25), 61 were found 

polymorphic. Later on, a DNA fingerprint database of 58 
IB370 × MAS25  F2 plants was produced with the help of 61 
SSR markers (Fig. 2). A total of 125 alleles were recognized 
in the preferred 58  F2 plants of IB370 × MAS25 by using 61 
SSR markers. Two of these 61 SSR markers (RM175 and 
RM21103) amplified recombinant (new) alleles, which were 
dissimilar to both ancestor varieties. Ten out of fifty-eight 
selected  F2 plants have recombinant alleles for more than 
one loci. On average, 50.4% of alleles came from IB370 and 
49.6% were from MAS25 in all 58  F2 plants.

Similarity coefficient statistics derived from 61 SSR 
markers were employed to determine the coefficient num-
bers in the chosen 58 IB370 × MAS25 F2 plants and their 
parental varieties and exposed to UPGMA tree cluster 
examination. The allelic miscellany was executed to create 
a dendrogram (NTSYS-pc) that exhibits the genetic associa-
tion amongst 58 chosen  F2 plants along with their parents. 
The selected  F2 plants at the similarity coefficient of 0.53 
are bunched into two vital categories. Vital category I con-
sisted of IB370, while category II had MAS25 and 58  F2 
plants. Two parental varieties, IB370 and MAS25, showed 
a little similarity coefficient and split at a coefficient value 
of 0.53. PCA analysis (NTSYS-pc) was used to examine the 
genetic links between these rice genotypes. According to 
two-dimensional PCA scaling,  F2 generation was dispersed 
amongst the two biological parent types with a preference 
for MAS25 (Fig. 3).

Discussion

The grain yield of the aerobic rice variety, MAS25, was con-
siderably higher than that of the Basmati rice type, IB370, 
in studies done under the context of a direct-seeded aerobic 
field. According to the several root characters data obtained, 
the root length and root biomass in the aerobic rice, MAS25, 
were considerably better than the Basmati rice, IB370. The 

Table 3  Phenotypic correlation coefficients among different agronomic traits of IB370 × MAS25 derived  F2 population raised in water-restricted 
field conditions

*Significant at 5%
**Significant at 1% level

Plant height (cm) Effective no. of 
tillers/plant

Panicle length (cm) 1000-grain 
weight (g)

Grain yield/plant (g) L/B ratio

Plant height (cm) 1
Effective no. of tillers/plant 0.267** 1
Panicle length (cm) 0.544** 0.193** 1
1000-grain weight (g) 0.185** 0.160* 0.216** 1
Grain yield/plant (g) 0.576** 0.696** 0.425** 0.283** 1
L/B ratio − 0.221** − 0.030NS − 0.045NS 0.043NS − 0.234** 1
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better yield may be due to the healthier and deeper-root 
structure developed in MAS25, which is an aerobic variety.

A sum of sixty-one discrete SSR markers scattered on the 
twelve rice chromosomes was used to locate the QTL linked 
with various traits by using 58 IB370 × MAS25-derived  F2 
plants. Composite Interval Mapping (CIM) study by Win-
QTL Cartographer 2.5 exposed seven numbers of QTL for 
agronomical traits (Table 5, Fig. 4) and six QTL for root 
traits in rice (Table 5, Fig. 5).

One of these QTL was linked with plant height (qPH2.1) 
at a map location of 95.9 cM on chromosome 2. The qPH2.1 
has beneficial worth for additive effect (14.78) suggesting 
the alleles that favour plant height were from the MAS25 
donor parent. The qPH2.1 had the greatest LOD score of 
7.9 and accounted for 10.32% phenotypic variation. Two 
QTL linked with an effective number of tillers per plant 
(qTP8.1 and qTP10.1) at map positions of 98.2 and 27.0 cM 
on chromosomes 8 and 10, respectively. Kharb et al. (2015) 
identified three QTLs,  qTN8.1,  qTN8.2 and  qTN8.3 for tillers 
number/plant on chromosome number 8. Two QTL for an 
effective number of tillers per plant had positive worth for 
additive effect suggesting that the favoring alleles originated 
from the MAS25 parent. Two QTL correlated with grain 
yield per plant (qGYP3.1 and qGYP8.1) at map locations of 
62.7 and 93.4 cM, on chromosomes 3 and 8, respectively. 
Dixit et al. (2014) observed a QTL, qDTY3.1 on chromo-
some 3 at a map location of 124.0 cM with a huge additive 
effect of 165.3 showed consistent effects under drought cir-
cumstances. Catolos et al. (2017) revealed a QTL, qDTY8.1 
on chromosome 8 on a map location range 68.8–76.3 cM 
with a 34.17% additive effect. Xu et al. (2020) supported this 
result and reported three QTL, qAER1, qAER3, and qAER9 
for aerobic adaptation in backcrossed inbred lines on chro-
mosomes 1, 3 9. One QTL, qAER3 identified on chromo-
some 3 at a map position of 67.8–76.7 cM with the propor-
tion of phenotypic variation is 19.19% at the marker interval 
of RM 218-RM232. Dhawan et al. (2021) introgressed a 
major QTL, qDTY1.1, for grain yield in water scarcity is 
about 12.6% to 16.9% of phenotypic variance), mapped on 
chromosome 1 into “Pusa Basmati 1” by marker-assisted 
backcrossing from drought-tolerant cultivars, Nagina 22. 
Baisakh et al. (2020) reported a total of 8 QTL for yield 
traits under drought stress, of which grain number per pani-
cle, three QTLs were discovered out of which two QTLs 
located on chromosome 3 (qGN3.1 and qGN3.2) and single 
QTL located on chromosome 5 (qGN5.1). For grain yield in 
a water-limited environment, four QTLs, qGY1.1, qGY7.1, 
qGY8.1, and qGY11.1, were revealed on chromosomes 1, 
7, 8, and 11, respectively, which all together control 45 per-
cent of the phenotypic variance. Xu et al. 2020 identified 
QTL qAER3 on chromosome 3 in  BC4F5 Back cross inbred 
populations under aerobic conditions. Corales et al. (2020) 
mapped 22 QTLs for root characteristics in a hybrid of the Ta
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Fig. 1  IB370 × MAS25 generated  F2 population frequency distribution curves for agronomic and root traits developed in water-limited field con-
ditions (a–f) and net house (g, h)

Fig. 2  Map the position of a total of sixty-one SSR markers situated on entire rice chromosomes in the whole genome
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Japanese paddy rice Koshihikari and the Japanese upland 
rice Sensho, which grew in an aerobic environment.

Two QTL are associated with root length (qRL2.1 and 
qRL3.1) at map locations of 120.9 and 143.8 cM on chro-
mosomes 2 and 3, respectively (Table 5; Fig. 5). The qRL2.1 
found positive numbers for additive effect (4.38) specified 

that the recommending alleles were coming from donor par-
ent, MAS25. At the same time, qRL3.1 had negative val-
ues for additive effect (− 1.58), indicating that the favor-
ing alleles were from a recurrent parent, IB370. One QTL 
associated with root thickness (qRT1.1) at map location of 
57.1 cM on chromosome 1. The qRT1.1 had the utmost LOD 

Fig. 3  Two-dimensional PCA scaling displaying diverseness in chosen 58  F2 plants (IB370 × MAS25) along with parents by applying allelic 
diversity data at sixty-one SSR loci

Table 5  QTL recognized for various agronomic and root characters by SSR marker analysis of IB370 × MAS25 derived  F2 generation

The direction of phenotypic effect (DPE); M situate for MAS25 and IB situate for improved Basmati 370, R2 is for phenotypic deviation
Additive effect is half of the difference between the effect of MAS25 and IB370 alleles; its positive number specifies that the effect of the 
MAS25 genotype was in the direction of rising the trait value i.e., LOD-log10 of an odd rat

Trait QTL name Chromo-
some 
number

Position (cM) Flanking markers Position of 
flanking markers 
(cM)

LOD Additive effect R2% DPE

Plant height qPH2.1 2 95.9 RM341-RM525 82.7–143.7 7.9 14.78 10.32 M
Effective no. of tillers/plant qTP8.1 8 98.2 RM284-RM256 83.7–101.5 3.8 3.32 56.99 M

qTP10.1 10 27.0 RM222-RM269 11.3–69.6 5.8 3.39 11.26 M
Panicle length qPL2.1 2 31.0 RM154-RM71 4.8–49.8 3.3 0.24 41.78 M
1000-grain weight qTGW 2.1 2 90.9 RM341-RM525 82.7–143.7 6.6 10.25 21.0 M
Grain yield/plant qGYP3.1 3 62.7 RM545-RM282 35.3–100.6 4.9 6.79 21.64 M

qGYP8.1 8 93.4 RM284-RM256 83.7–101.5 6.3 4.17 22.05 M
Root length qRL2.1 2 120.9 RM341-RM525 82.7–143.7 2.9 4.38 4.20 M

qRL3.1 3 143.8 RM282-RM293 100.6–193.4 4.2 − 1.58 8.70 IB
Root thickness qRT1.1 1 57.1 RM220-RM582 28.4–66.4 3.6 1.96 21.60 M
Fresh root weight qFRW10.1 10 13.0 RM222-RM269 11.3–69.6 3.5 − 3.27 23.62 IB
Dry root weight qDRW1.1 1 51.0 RM220-RM582 28.4–66.4 4.3 0.86 4.69 M

qDRW3.1 3 150.8 RM282-RM293 100.6–193.4 4.2 0.78 10.66 M
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(LOD-log10 of an odds ratio) score of 3.6 considered for 
21.6% phenotypic deviation and found affirmative numbers 
for additive effect (1.96) specified that the favoring alleles 
were coming out from MAS25 genotype (Table 5, Fig. 5). 
Corales et al. (2020) mapped a QTL for root length on chro-
mosome 4 at a map position of 4.6 cM with 18.80 pheno-
typic variations for huge additive effects (177.12). Yogi et al. 
(2021) located a QTL for root length on chromosome 5 at a 
map location of 118.8 cM in IB370 × MAS-ARB25 derieved 
 F2 generation with an inclination towards MAS-ARB25, 
donor parent.

One QTL linked with fresh root weight (qFRW10.1) at map 
site of 13.0 cM on chromosome number 10. The qFRW10.1 
had depressing numbers for additive effect (− 3.27) suggest-
ing that the recommending alleles originated from IB370 
parents (Table 5, Fig. 5). Two QTL are associated with dry 
root weight (qDRW1.1 and qDRW3.1) at map locations of 51.0 
and 150.8 cM, on chromosomes 1 and 3, respectively. Both 

the QTL had affirmative numbers for additive effect (0.86 
and 0.78) specifying that the recommending alleles were 
coming from the donor parent, MAS25 (Table 5, Fig. 5). 
Similar results were perceived by Corales et al. (2020) who 
mapped 1 QTL for root dry weight on chromosome 1 at a 
position of 113.5 cM with phenotypic variations of 11.66% 
in aerobic field conditions. Yogi et al. (2021) observed 2 
QTL at the map location of 97.7 and 94.8 cM on chromo-
some 5 in IB370 × MAS-ARB25 derived  F2 generation under 
water-limited situations.

In the case of IB370 × MAS25 derived  F2 plants, six QTL 
for root characters and seven QTL for agronomic characters 
were recognized by using the CIM WinQTL Cartographer 
2.5. Notably, four QTL out of a total of six putative QTL for 
root traits recognized in this study were coming out from the 
second parent, MAS25.

Two QTL for root length  (qRL2.1 and  qRL3.1) were 
depicted on chromosomes 2 and 3 at map positions 120.9 

Fig. 4  Chromosomal locations 
of QTL for agronomic traits 
recognized in selected  F2 gen-
eration obtained from mating 
between IB370 × MAS25

Fig. 5  Chromosomal locations 
of QTL for different root traits 
recognized in selected  F2 gen-
eration obtained from mating 
between IB370 × MAS25
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and 143.8 cM with a phenotypic variance of 4.2 and 8.7%, 
respectively. One QTL for root thickness  (qRT1.1) was 
traced on chromosome number 1 at map site 57.1 cM with 
a phenotypic variance of 21.6%. Liu et al. (2008) reported 
basal root thickness correlated QTL traced on chromosome 
number 1 (brt1.a) with a phenotypic variance of 4.6%. Li 
et al. (2015) revealed a QTL, qRT9 located on chromo-
some 9 controlling root length and root thickness using  F2:3 
populations obtained by crossing, Yuefu and IL392 upland 
rice genotypes. Zhao et al. (2018) recognized 44 and 97 
major QTL genes connected with root length and root thick-
ness, and five QTL for root length were authenticated with 
T-DNA insertional mutation; Two QTL for dry root weight 
(qDRW1.1 and qDRW3.1) were mapped on chromosomes 1 
and 3 at map locations 51.0 and 150.8 cM with phenotypic 
variances of 4.7 and 10.7%, respectively. One QTL for fresh 
root weight (qFRW10.1) was mapped on chromosome 10 at 
map position 13.0 cM with a phenotypic variance of 23.6%. 
On chromosome 2 at a map location of 95.9 cM, one QTL 
(qPH2.1) associated with plant height was identified, with a 
phenotypic variance of 10.3%. One QTL (qPH2.1) for plant 
height was found at chromosome 2 by Lin et al. in (2007), 
exhibiting a phenotypic variance of 13.9%.

For an effective number of tillers/plant, two QTL (qTP8.1 
and qTP10.1) were located on 8 and 10 chromosomes at 
map locations of 98.2 and 27.0 cM with a phenotypic vari-
ance of 57.0 and 11.3%, respectively. Sandhu et al. (2013) 
described two QTL (qTN8.1 and qTN8.3) for tiller number 
at chromosome 8 at map location 15.7 and 123.2 cM with 
a phenotypic variance of 29.3 and 26.4%, respectively, of 
HKR47 × MAS26  F2 population.

One QTL associated with panicle length (qPL2.1) was 
situated on chromosome number 2 at a map location of 
31.0 cM with a phenotypic variance of 41.8%. One QTL 
associated with 1000-grain weight (qTGW 2.1) was situated 
on chromosome number 2 at a map location of 90.9 cM with 
a phenotypic variance of 21.0%. Lin et al. (2007) reported 
one QTL (TSW2.1) for 1000-seed weight at chromosome 2 
with a phenotypic variance of 10.1%. Two QTL associated 
with grain yield/plant (qGYP3.1 and qGYP8.1) were por-
trayed on chromosomes 3 and 8 at map locations of 62.7 
and 93.4 cM with a phenotypic variance of 21.6 and 22.1%, 
respectively.

IB370 × MAS25 derived  F2 plants were examined for 
an allelic profile at BAD2A locus and 61 SSR markers dis-
persed on the whole genome of rice. A population of 126 
IB370 × MAS25  F2 plants was screened for an allelic pro-
file at BAD2A locus with a ratio of 32:26:68 for homozy-
gous fragrant, heterozygous non-fragrant and homozy-
gous non-fragrant plants, respectively. The NTSYS-pc 
UPGMA tree cluster analysis and two-dimensional PCA 
scaling revealed that both parental genetic makeup were 

fairly divergent, whereas 58 IB370 × MAS25  F2 plants 
scattered in between the two parental rice genotypes. SSR 
scrutiny also displayed that the  F2 population is tilted 
towards MAS25, confirmed in frequency distribution 
curves for most agronomic and root traits. Based on field 
and net house assessment of IB370 × MAS25  F2 plants, 20 
plants were chosen based upon grain yield/plant, grain L/B 
ratio, Basmati specific allele at BAD2A locus (homozy-
gous or heterozygous states) and root length (in case of 
net house evaluation). Composite Interval Mapping scan-
ning exposed a total of 13 putative QTL (six for root traits 
and seven for agronomical traits). Out of which one QTL 
 qRL2.1for root length with 4.2  R2%, one QTL  qRT1.1 for 
root thickness with 21.60  R2% and two QTL for dry root 
weight  qDRW1.1 and  qDRW3.1 with 4.69 and 10.66  R2%, 
respectively, further the direction of the phenotypic effect 
of these QTL are towards MAS25 so can be utilized to 
upgrade the root characters’ in future.

Conclusion

Composite Interval Mapping shows a total of 13 putative 
QTL (six for root traits and seven for agronomical traits). 
The probable QTLs for aerobic adaptation revealed in the 
 F2 generation were examined in the selected promising 
 F2 plants, and they were shown to be present in homozy-
gous or heterozygous states at high frequencies. This study 
aids in the identification of promising genotypes in the 
rice breeding program for aerobic system adaptability. 
Identification of optimal aerobic genotypes with QTL can 
give improved adaptability and water intake in locations 
where water scarcity and labor shortages are a problem. 
After additional validation, the potential plants with docu-
mented putative QTL could be used as donors in upcoming 
marker-assisted breeding programs.
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