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ABSTRACT

Nitrogen (N) plays a major role in the growth and development of a plant. Extensive application of N fertilizers
results in low N use efficiency (NUE) generated by N loss due to denitrification byammonia volatilization,
surface runoff, and leaching in the soil-flood water system. Therefore, there is an urgent requirement for the
development of rice varieties with high NUE, which may improve the yield and decrease the N application
which is harmful to the environment. In the present study, variability and correlation of morpho-physiological
traits among the rice genotypes under low N in hydroponic solution was carried out for further genotyping with
Tolerance of Nitrogen Deficiency 1 TOND1 gene markers. The root parameters and traits associated with shoot
growth observed from 30 days old rice seedlings under low N condition suggested that shoot length was
positively associated with leaf and root number followed by root length. The genetic diversity was estimated
among the 36 selected genotypeswith TOND1 gene primers. Atotal of 14 alleles were identified with an average
number of alleles of 2.33 per locus. Allele frequency ranged from 0.62 to 0.86 with an average of 0.76. Genetic
Diversity index ranged from 0.23 to 0.46 with an average of 0.35. The observed heter ozygosity ranged from 0.00
to 0.1429 with an average of 0.056. The PIC values ranged between 0.61 and 0.77 with an average of 0.69. The
unweighted neighbour-joining dendrogram grouped the 36 genotypes into 3clusters, wherein the local land
race IC517708 clustered with known N deficiency tolerant Tequing. Therefore, the identified N deficiency

tolerant genotype may be used as donor in developing N use efficient cultivar.
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INTRODUCTION

Rice is the most important cereal food crop and the
staplefood feeding over half of the world's population.
With the expanding growth of world's popul ation and
gradually deteriorating environment, food security has
becomeamajor challenge around theworld. Increasing
rice yield has become the most important goal of rice
production with limited land and resources. Riceyield
is affected by several biotic and abiotic stresses.
Nitrogen (N) is one of the most significant minerals
required by plants for their growth and devel opment.
N plays an extensive role during vegetative growth of
the plant, it also aids in branching of root, carbon

allocation and increased grain yield (Ali et al., 2018,
Anandan et a., 2018). Earlier investigations disclosed
that the proper use of fertilisers may considerably
enhancetheyield and the quality of rice (Mahender et
al., 2016; 2017), but the excessive application of
fertilisersnot only decreasethe N use efficiency (NUE)
but may also cause several negative effects on the
environment and human life. Partial or incomplete
transformation of N fertilisers may lead to global
warming by emitting nitrous oxide (Bouwman et al.,
2002), polluting groundwater through nitrateleaching
(Davies and Sylvester-Bradley 1995; Ferguson et al.,
2002; Hashimoto et al., 2007; Anandan et al., 2018)
and ammonia emission (Misselbrook et al.,2000). In
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China, field trials conducted by various organisations
reported that about 34% of the chemical fertilisers used
was lost by denitrification, 11.5% by ammonium
volatilisation, 2% via leaching and 5% via surface
erosion (Zhu, 2003) creating athreat to the ecosystems
(Nosengo, 2003; Giles, 2005). Therefore, thereisan
urgent requirement for the development of ricevarieties
with high NUE apart from preventing N losses with
improved agronomic practices.

Plant's capacity to manage normal growth and
yieldinlow N content in the soil iscalled N tolerance
(NT), whichisrelated to NUE. Till date several QTLs
were identified for NT (Lian et al., 2005; Shan et d.,
2005; Tong et al., 2006; Wang et al ., 2009; Feng et al .,
2010; Wel et a., 2012; Zhao et ., 2014). Zhang et al.
(2015) cloned agene, TOND1 (Toleranceto Nitrogen
Deficiency) on chromosome 12, associated with NT
and NUE, which regulates the expression of its
interacting proteins to change plant's response to
nitrogen under low N condition. This gene encodes a
thaumatin protein containing an N-terminal signal
peptide enhances the tolerance of N deficiency. The
TOND1 overexpressing transgenic plants exhibited an
increaseindry weight, N concentration, total N amount
per plant, SPAD, plant height and root Iength with
increase in grain yield of 20.2% under N-deficient
condition (Zhang et a ., 2015).

In the present experiment, we have used
hydroponic system to screen the population under
limited N in controlled condition. Plant growth solution
described by Yoshida (1976) serves as a good source
for the plantsin hydroponic conditionsin which growth
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and its response to the environment can be exactly
measured. Therefore, genetic diversity for abiotic stress
tolerance (salinity, nutrient deficiency etc), withinand
among the species, can be determined using hydroponic
system (Shavrukov et al., 2012; Anandan et al ., 2016).
Hence, the present study aimed to estimate genetic
diversity among the set of land races and improved
rice cultivars to identify suitable local source of N
tolerant donor from short duration group of indica sub
Species.

MATERIALS AND METHODS
Plant material

A total of 173 ricegenotypeswere sel ected for the study
and their morpho-physiological traitswere studied under
low Nin net house condition using nutrient solution
described by Yoshida (1976).

Physiological responsesof ricegenotypestolow
N

Pre-germinated rice plantlets of each genotype after
attaining aheight of 4 - 5 cmwere treated with standard
Yoshidasolution for 15 days by renewing the solution
after 7 days and pH of the solution was adjusted to
4.50 - 4.55 on each alternative day (Fig. 4). After 15
days, the plants were transferred to an N deficient
solutionwith reduced concentration of ammoniumnnitrate
(the sole source of N in the Yoshida solution) 1/4x
(0.358mM) against the standard concentration of 1.43
mM, while all other macronutrient and micronutrient
solutions of Yoshida sol ution was maintained as same.
The plantswere maintained in N deficient solution for

Table 1. Descriptive statistics of rice seedlings grown under low N

Parameters L eaf number R/Sratio Root number  Root length SPAD Shoot length Tiller number
(cm) (cm)

No. of genotypes 173 173 173 173 173 173 173
Median 5.88 0.29 18.00 13.59 21.36 48.62 1.13
Minimum 3.00 0.16 7.00 4,50 13.99 19.50 1.00
Maximum 7.13 0.46 37.14 21.79 27.34 63.10 2.25
Lower quartile 5.63 0.26 15.62 11.95 19.57 42.34 1.00
Upper quartile 6.13 0.31 20.50 14.95 22.84 53.37 1.38
Mean 5.84 0.29 18.58 13.36 21.17 47.61 1.24
SD 0.56 0.05 4.67 2.39 2.59 7.08 0.31
F 0.04 0.00 0.36 0.18 0.20 0.54 0.02
CV% 9.64 16.40 25.15 17.85 12.24 14.88 24.50
Skewness -1.13 0.41 1.23 -0.18 -0.23 -0.58 1.13
Kurtosis 3.87 0.66 2.69 1.01 -0.32 0.44 0.23
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Fig. 1. (A-G). Distribution pattern for shoot length, tiller number, leaf number, root number, root length, SPAD and R/Sratio
under low N condition during seedling stage among 173 rice genotypes.

15days by renewing the deficient solution after 7days
by adjusting the pH to 4.50 - 4.55 every alternate day.
After 15daysof growthin N deficient solution, various
morphological traits (leaf number, root number, root
length, shoot length, root shoot ratio, and tiller number)
and physiological traits (SPAD) were observed (Fig.
5).

Molecular screening of selected rice genotypes
for TOND1 gene

Based on morphological and physiological data
collected, 28 genotypes from 173 genotypes (6
genotypes which were negatively skewed from the
normal distribution were also included) and 8 genotypes
tolerant to N deficiency (reported earlier) were sel ected
for genotyping with TOND1 gene (Zhang et a ., 2015).

DNA isolation and molecular screening with
TONDL1 gene

DNA from 36 selected rice genotypes was isolated by
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Table 2. Correlation coefficients among morhpo-physiological traits of 173 rice genotypesunder low N.

Characters Shoot length Tiller number L eaf number Root number Root length SPAD

Shoot length 1.000

Tiller number -0.026 1.000

L eaf number 0.649** 0.077 1.000

Root number 0.656** 0.039 0.593** 1.000

Root length 0.513** 0.093 0.456** 0.270** 1.000

SPAD 0.289** 0.323** 0.452** 0.362** 0.423** 1.000

R/Sratio -0.348** 0.135 -0.069 -0.262** 0.608** 0.209**
Data analysis

following modified CTAB method (Murray and
Thompson, 1980). Eleven internal markers of the
TOND1 genewere amplified with theisolated 36 DNA
samples. The isolated DNA samples were amplified
using T100 thermal cycler (BIO-RAD, U.S.A.) witha
total of 10 ul reaction consisting of 2 ul of 50 ng DNA,
1 ul of TrissHCI 10 mM (pH 8.3), 0.5ul of 1.5 mM
MgCl,, 0.1 pl 0.5 unit of TagPolymerase (New England
Biolabs, U.K.), 1 ul of 50 uM dNTP mixtureand 0.2 ul
each of forward and reverse primers (5 pico molar).

Conditionsfor carrying out DNA amplification
wereasfollows: initia denaturation at 94 °C for 5min,
followed by 35 repeated cycles of denaturation at 94
oCfor 45 s, annealing for 45 s (temperature specificto
primer) and extension for 60 s at 72 °C followed by a
final extension for 8 min at 72 °C. Bromophenol blue
was added to the samples and the molecul ar weight of
theamplified DNA was estimated in 3.5% agarose gel
with the 50-bp ladder (New England Biolabs, U.K.) as
standard in 1X Tris-Boric acid-EDTA (TBE) buffer.
The resolved PCR bands were documented using
Molecular Imager Gel Doc XR System(Bio-Rad).

Table 3. Principal component analysis of morpho-
physiological traits of rice under low N.

Parameters PC1 PC2
Percentagevariation 75.91 12.54
Characters L atent vectors (loadings)
Leaf numbers 0.0488 0.0169
Root shoot ratio -0.0017 -0.00016
Root number 0.4650 0.8452
Root length 0.1570 -0.1703
SPAD 0.1222 0.2172
Shoot length 0.8612 -0.4571
Tiller number 0.0003 0.0110
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Only clear and intense bands were recorded. The
molecular size of the amplified fragments were
determined by image lab software (Bio-rad) using 50-
bp DNA ladders as standard. Amplification of DNA
samples with the primers were recorded as '1' for the
amplified and '0' for unamplified regions according to
themolecular size of the marker. A datamatrix with'0’
or '1' against themolecular sizewas prepared for further
analysis. Genetic diversity parameters viz., number of
dleles, alele frequency, genetic diversity index and
heterozygosity were calculated by Power Marker
software.

Polymorphism information content (PIC) for
every polymorphic marker was computed using the
formula: PIC=1-YPi2 - ¥ YPi2 Fj2; where'i' isthe
sum of aleles detected, 'Pi' is the frequency of the it
aleleandj =i+1. A neighbour-joining treewith bootstrap
values (1000) was constructed using unweighted pair
group method with arithmetic averages (UPGMA)
agorithm with the help of DARwin version 6.0.

RESULTS AND DISCUSSION

Variability in mor pho-physiological traitsof rice
genotypesunder low N

Thedisgtribution pattern of 173 rice genotypesfor seven
traits at low Ncondition of the 30-day old seedling is
presented in Fig. 1 (A-G). The genotypes studied in
the present experiment have a wide diversity of
morphological and physiological traits. Shoot length, root
length, root shoot ratio and SPAD under low N were
found to be normally distributed with skewnessranged
between -1to +1 (Table 1). Leaf number wasfound to
deviate significantly fromthenormal distribution with
negative skewness (S< 1), whilethe root number/plant



Table 4. Showing the genetic diversity parametersand PIC
values of the 6 polymorphic primers.

S.no. Primer Allde Major Genetic Hetero- PIC

no. dlde diver- zygosity
frequ- sity
ency
1 M1 2.0000 0.7778 0.3457 0.0000 0.6728
2 M3 3.0000 0.7500 0.3966 0.0833 0.7795
3 RM171 3.0000 0.8056 0.3306 0.0278 0.7749
4 RM235 20000 0.8611 0.2392 0.0000 0.6195
5 RM1227 2.0000 0.6250 0.4688 0.0833  0.6909
6 RM6411 2.0000 0.7857 0.3367 0.1429 0.6141
Mean 23333 0.7675 0.3529 0.0562 0.6942

and tiller number/plant were positively skewed (S>1).
Among the traits studied in the seedling phase, shoot
length under low N varied from 19.50 cm to 63.10 cm
as measured in IRGC 29108-1 and IRGC 11482-1
respectively with mean of 47.61 cm and IRGC 11482-
1 exhibited 1.32 times of the mean value. Genotypesin
low N at the seedling phase exhibited maximum
differences for root number per plant (7.00-37.14)
followed by root length (4.50 - 21.79 cm) and minimum
differences were observed for SPAD (13.99 - 27.34)
followed by tiller number (1- 2.25) and leaf number per
plant (3-7.13). Coefficients of variation (Cv) indicating
variability among the genotypes were >25% for tiller
number and root number per plant. On the other hand,
leaf number per plant, SPAD and shoot length exhibited
Cv of <15%.

Corréation among mor pho-physiological traitsof

# Shoaot fth. Vs Root no. ®Shoot lthvs Root fth

y=0432x -2.028
R*=0.430

Root number and length
(=

y=0.172x + 5.133
R*=0.263

15 25 35 45 55 65 75
Shootlength (cm)

Fig. 2. Relationship between shoot length and root number
and length under low N condition
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173 genotypesunder low N

Therelationship among morpho-physiological traitswas
analysed by Pearson correlation analyses (Table 2).
Three root parameters and four traits associated with
shoot growth were observed from 30 days old rice
seedlings under low N condition are subjected to
Pearson correlation (Table 2). The study brings out that
shoot length was found to be positively correlated with
leaf number and root number (>0.6) followed by root
length (0.513) (Fig. 2), while significantly associated
with root shoot ratioin negative direction. Leaf number
was found to be positively associated with root
parameters like number and length. Theleaf colour or
green pigment was estimated using SPAD meter. The
SPAD value was found to be associated with |eaf
number and root length. Thisimpliesthe estimating of
chlorophyll (SPAD) is highly required parameter to
understand the performance of genotypes under low
N condition. Conversely, root shoot ratio wasfound to
be negatively associated with shoot length (-0.348) and
root number (-0.262).

Principal component analysisof rice genotypes
under low N condition

Table 3 showsthe two principal components (PCs) and
their corresponding variances. The first two PCs

RIS ratio
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Fig. 3. Principa component analysis of morpho-physiological
traitsunder low N condition
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Fig. 4. Rice seedlings screened under low N condition.

accounted for about 88.45% of thetotal variability, with
> 1.0 eigenvalue. Naturally, the result showed that,
seven variables could be condensed and represented
by the 1% 2 PCs. The 75.91% variation in the 1% PC
was mainly dueto the variation in shoot length and root
number, for which the eigenvectors were 0.8612 and
0.1570, respectively. Thus, 1% PC was represented by
shoot length. The 2" PC explained 12.54% of thetotal
variance. The variation was again explained by root
number and shoot length with eigenvectors of 0.8452
and -0.4571, respectively.

Biplot (Fig. 3) analysis has grouped the
genotypesinto two groupsviz., tolerant and susceptible.
Theright side of the biplot Figure 3 has categoriesthe
tolerant lines having necessary shoot and root growth
under low N condition. Conversely, genotypes on left
of the graph showed poor performance under low N
condition. Further, the right side of plot could be
separated into two quadrants. The quadrant 1 (top right)
has grouped the genotypes having lengthy roots, more

Sujataet al.

‘ IRGC 289%4-1 TRGC 36826-1 I‘| TRGC 35079-1
Telerant \ Toberant ./ Susceptible

Fig. 5. Some selected genotypes based on level of their
growth under low N.

tiller numbers, more of root shoot ratio and high SPAD.
Genotype on quadrant 3 (bottom | eft), opposite to the
guadrant 1 exhibited poor root system with low SPAD
value. On the other hand, genotypes clustered in
between quadrant 1 and 3, exhibited greater shoot
length, leaf number and root number under low N status.
Oppositeto the quadrant 2, quadrant 4 grouped the poor
performers having limited shoot and root growth.

PCR amplification and visualization of TOND1
gene

Eleven internal primers of the TOND1 gene were
amplified with 36 genotypes. Six of the 11 primerswere
found to be polymorphic in the set of 36 genotypes.

Geneticdiversity analysis

Six out of eleven primerswerefound to be polymorphic

RM171

9 10 11 1213 14 1516 17 18 19 20 21 22 23

Fig. 6. PCR profile of 36 genotypeswith primer RM171
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Fig. 7. Dendrogram showing the genetic similarity among
the 36 genotypes.

(54.54%). A total of 14 alleles were identified by
amplification of the 6 polymorphic primers with an
average number of allelesof 2.33 per locus, 2 loci were
with 3 aleles and 4 loci were with 2 aleles (Fig. 6).
Genetic diversity parameters were calculated using
Power Marker. The allele frequency ranged between
0.62 (RM1227) and 0.86 (RM235) with an average of
0.76. Genetic diversity index ranged from 0.23 (RM 235)
to 0.46 (RM1227) with an average of 0.35. The
observed heterozygosity ranged from 0.00 (M1 and
RM235) t00.1429 (M3 and RM 1227) with an average
of 0.056 (Table 4).

The unweighted neighbour-joining (UNJ)
dendrogram constructed using DARwin 6.0 (Fig. 7)
with 1000 bootstraps grouped all the 36 genotypesinto
three major clusters. Genotype 279 formed a separate
cluster (cluster C) suggesting that it is highly diverse
genotypefromall the other genotypes used in the study.
Cluster A consisted of 14 genotypes, genotypic pairs
IRGC44979-1 and IRGC35079-1 were more similar.
Cluster B consisted of 21 genotypes. Genotypic pairs
Tequing - 1C517708 and EC966580 - IRGC28964-1

Oryza Vol. 56 No. 2, 2019 (185-192)

clustered separately making them more similar.
Genotype 1C517708 belongs to mid-early group (120
days) of indica. As the genotype IC517708 was
clustered along with Tequing, it may be used as adonor
for N toleranceasthat of Tequing used in several studies
earlier.

The present study provides a detailed insight
into the genetic diversity for N deficiency tolerancein
rice. The results obtained from the phenotype and
genotypewith known tolerant markersreveal ed agreat
genetic diversity and identified N deficiency tolerant
donor from theindigenouscollection. Correlation studies
identified shoot length has a positive association with
leaf number and root number. The SPAD value was
found to be associated with most of thetraits studied,
suggests an important parameter to understand the
performance of genotypes under low N condition. We
strongly believethat theresults of thisstudy will share
its contribution to rice breeding for NUE.
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