Yol

Y

Research Article
Volume 27 Issue 4 - August 2023
DOI: 10.19080/ART0A].2023.27.556385

Agricultural Research & Technology
Open Access Journal
ISSN: 2471-6774

Juniper

key to the Researchers

Agri Res & Tech: Open Access |
Copyright © All rights are reserved by Nour MMI

Morphological and TRAP Marker Data
Integration for Early Stage Assessment of
Salinity Tolerance in Some Sugarcane (Saccharum
spp.) Varieties

Nour MMI'*, Moustafa M Eldakak?, Allabbody AHS' and Mohamed M Yacout?
1Sugar Crops Institute, Agricultural Research Center, Giza, Egypt

2Department of Genetics, Faculty of Agriculture (El Shatby) Alexandria University, Alexandria, Eqypt
Submission: July 26, 2023; Published: August 09, 2023

“Corresponding Author: Nour MMI, Sugar Crops Institute, Agricultural Research Center, Giza, Egypt

Abstract

Salinity stress poses a significant challenge to sprouting and formative growth stages of sugarcane, impacting both crop establishment and
subsequent productivity. In order to enhance and develop more salt tolerance sugarcane verities, it is crucial to understand the genetic and
morphological factors associated with salinity tolerance during the early stages. This study aims to explore the integration of morphological
traits data and 14 combination of four TRAP markers related salinity tolerance ESTs and three arbitrary primers. Six varieties were examined, i.e.
three commercial varieties (GT.54-9, G.3, and G.4), one salinity-tolerant (Bo34), one drought-tolerant (Co 419), and one salinity-sensitive variety
F161. All varieties were evaluated under five salinity levels (0, 25, 50, 75, and 100mM NaCl) during 90 DAP. Statistical analysis confirmed the
significant effects of both variety and treatments on most of the measured traits. Bo34 and Co419 displayed better salinity tolerance compared
to other varieties, while F161 exhibited high susceptibility to salinity stress. Phenotypic similarities and dissimilarities among the sugarcane
varieties were determined through Euclidean distance analysis. Co419 and G.3 showed the least dissimilarity, whereas Bo34 and F161 exhibited
the greatest dissimilarity. In the TRAP marker analysis, out of 90 alleles, 88 were found polymorphic (97.78%). In conclusion, using phenotypic
and genetic similarity derived from both morphological and TRAP marker data could be more useful tools for identifying individuals with more
salinity-tolerance traits and for selecting parents in breeding programs.
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Abbreviations: TRAP: Target Region Amplification Polymorphism; PCR:polymerase chain reaction; SCRI: Sugar Crops Research Institute; ARC:
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Introduction

has a basic chromosome number of x=10 and S. spontaneum has
a basic chromosome number of x=8, indicating that two distinct
chromosome organizations coexist in contemporary cultivars.

Sugarcane (Saccharum spp.) belongs to the Poaceae family and
is one of the major sugar crops in the world. Sugarcane genotypes
(Saccharum spp. hybrids) are complex polyploid plants 2n=100-

130 [1]; These current cultivars are the result of interspecific Abiotic stresses have a huge negative effect on plant

crosses between S. spontaneum, which shows higher plant
vigor and resistance to several pests and abiotic stresses, and S.
officinarum, a species with high sugar content [2,3]. According to
[4]) chromosome in situ hybridization revealed that S. officinarum

development and production worldwide. These abiotic stresses
include many types such as drought, salinity, chilling, and high
temperature. In spite of these various types of abiotic stresses,
salinity comes on the top regards how much effect and damage
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it can cause to various crops [5]. It has been estimated that
almost 20 % of cultivable lands (including 6% of irrigated lands)
in the world are affected by salinity (expected to reach 50% of
lands by 2050) [6]. In Egypt, salinity affects around 0.9 million
hectares (33% of irrigated lands) [7]. In Egypt, sugarcane is a
major crop occupying approximately 136 thousand hectares of
cultivated land, contributing to about 34% of the country’s total
sugar production in the 2021-2022 (USDA, 2022). Sugarcane is
considered a moderately salt-sensitive species that can endure
electrical conductivity ECe levels up to 1.7 dS m™ However,
increasing salinity beyond this level causes a significant decrease
in plant growth and development at all stages and probably
cane yield at the end [8,9]. At the early growth stage (Formative
Growth) Vasantha et al. [9] found that salinity reduces leaf area
index (LAI) by 36%. Moreover, they found a decline in biomass
accumulation by 44% during the same stage. It has been found
that the highest reduction in shoot and root biomass accumulation
in sugarcane sprouts occurs when the level of salinity increases
from normal to 120mM NacCl [10]. Similarly, the increase in NaCl
levels led to a reduction in shoot, root length, root volume, and
leaf area of sugarcane seedlings by 36-41%, 29-42%, and 52-66%,
respectively. Additionally, chlorophyll contents also decreased by
approximately 20.0-45.0% [11] In breeding programs, the efficient
detection of genetic variability and selection of desirable traits are
crucial [12]. Traditional methods that integrate agronomic and
morphological characteristics have allowed for the identification
and description of differences among members of the Saccharum
complex [13], However, members of the Saccharum complex are
primarily outcrossed and propagated vegetatively, resulting in
highly plastic and heterozygous phenotypic expressions of traits.
Although morphological characteristics can be used to identify and
classify clones, the majority of these characteristics are influenced
by the growing or selection environment.

Molecular markers have proven to be highly valuable in crop
breeding programs for the effective assessment of genetic diversity
at the DNA level. Specifically, salinity-related markers have played
a crucial role in assisting breeders in selecting salt-tolerant
plants. [14]. In terms of defining genetic diversity, gene-targeted
molecular markers may be more promising and meaningful

Table 1: list of varieties used in the study and their parents.

than random DNA markers. Gene-targeted markers are derived
from polymorphisms within genes and thus reflect functional
polymorphism, whereas random DNA markers are derived from
polymorphic sites throughout the genome [15].

The Target Region Amplification Polymorphism (TRAP)
developed by [16]) takes advantage of the expanding availability
of EST sequences from various cDNA libraries. TRAP is a
straightforward marker system based on polymerase chain
reaction (PCR) that makes use of the sequence information in
the EST database to generate polymorphic markers that target
candidate genes. It basically combines an arbitrary primer that
targets the intron or exon region (AT- or GC- rich core) with
an 18-mer primer derived from the EST sequence [17]. The
polymorphism that is produced as a result of TRAP’s use of
anchored and unanchored primers to amplify the genome’s coding
regions ought to reflect the diversity of functional genes.

TRAP markers have been successfully employed to assess
genetic variation in sugarcane genotypes related to agronomic and
stress-tolerant genes. For instance, [18] used RAP markers with
CDPK and Aqua candidate genes associated with stress tolerance
to evaluate genetic variation among 10 sugarcane genotypes.
Similarly, Farsangi et al. [19] conducted a study using 18 salinity-
tolerant and susceptible genotypes of sugarcane, applying 30
combinations of 5 TRAP markers targeting salinity-tolerant
ESTs and three arbitrary primer combinations for molecular
characterization. This research aims to investigate the integration
of morphological traits Performance data and TRAP genetic
marker for sprouting and formative growth stages assessment (90
DAP) of salinity tolerance in sugarcane in order to screen different
morphological responses and genetic variability between selected
varieties.

Materials and Methods

The study was conducted in 2021 at the greenhouse of El-
Sabahia Research Station in Alexandria governorate, Egypt. The
coordinates of the research station are latitude 31° 12’ N and
longitude 29.57° E. The sugarcane varieties used in this study
were obtained from The Sugar Crops Research Institute (SCRI),
Agricultural Research Center (ARC) in Giza, Egypt (Table 1).

Variety Name Parents Notes
GT.54-9(C.9) NCO0.310(F) x F.37-925(M) Commerecial

G.3 (G.2003-47) CP55-30(F) x 85-1697(M) Commercial

G.4 (G.2004-27) CP 55-30(F) x RoC 22(M) Commercial

Co 419 PoJ 2878(F) x Co 290 (M) Drought-tolerant
Bo34 BO15 EC(F) x unknown Salinity-tolerant
F161 F.149(F) x F.146(M) Salinity-sensitive
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Experimental Design

The experimental design was a completely randomized design
(CRD) with a 6 x 5 factorial design (6 varieties and five treatments:
0, 25, 50, 75, and 100mM NacCl). Each treatment had 6 replicates.
The experiment was conducted in March 2021 in the greenhouse
using clay pots filled with pre-washed sand. The dimensions of the
pots were 21cm in height and 25cm in diameter. Healthy single-
bud cuttings were horizontally planted with two buds per pot and
irrigated with tap water every three days for 90 days. After 15 days,
the emerging seedlings were fertilized with NPK (2.5ml/L) once
a week. The average high temperatures during the three-month
experimental period (March, April, and May 2021) were 33.4 °C,
39.1 °C, and 41.8 °C, respectively, while the low temperatures
were 13.6 °C, 16.7 °C, and 19.2 °C, respectively, under greenhouse
conditions.

Morphological and Physiological Data

At age 90 days after planting (except for sprouting at 45 days
after planting), six samples were taken from each treatment,
and data were recorded for the following traits: sett sprouting
percentage, seedling shoot and root length, number of leaves, leaf
area, shoot and root dry weight, chlorophyll content using SPAD
index, and mortality percentage.

DNA Extraction

For DNA extraction, fresh young leaves were collected from

six sugarcane varieties at the age of 90 DAP. Tissue samples were
homogenized in liquid nitrogen, and genomic DNA was isolated
using the DNeasy™ Plant Mini Kit from QIAGEN™ according to
the manufacturer’s protocol. The DNA was quantified using
spectrophotometer, and its quality was assessed using 1% agarose
gel electrophoresis.

TRAP Markers PCR and Electrophoresis of PCR Product

A total of fourteen combinations of forward primers and
arbitrary reverse primers of TRAP were selected for amplification
(Table 2 & 3). The primer lengths ranged from 18 to 22 nucleotides
and were designed based on previous studies [20,19,16,21]. PCR
amplification was performed using a reaction mixture consisting of
PCR master mix TOPsimple™ PCR DyeMIX-nTaq from Ezynomics®
(12.55 uM), 1.5 uM of a fixed forward primer and an arbitrary
reverse primer, and 50 ng of template DNA. The PCR process was
carried out in a Peqlab Hain Primus 25® Thermal cycler with the
following cycling conditions: an initial temperature of 94°C for
4.30 minutes (1 cycle), followed by 35 cycles of 1 minute at 94°C,
1 minute at 52-55°C, and 2 minutes at 72°C. The final extension
cycle lasted for 7 minutes at 72°C. The PCR products of TRAP were
separated on a 1.5% (w/v) agarose gel using 1x TBE buffer. The gel
was stained with Ethidium Bromide (EtBr) and visualized under
a UV transilluminator. To determine the size of the amplified DNA
fragments, a 3000 bp DNA molecular marker was employed.

Table 2: List of TRAP Four fixed primers and three arbitrary primers and their sequence information.

Sr.No Primer Gene Function Primer seq 5'—3’ Melting Temp. °C
- Fp: TCCTTTCAAGTGCCTAGTTTTC Rp: o
1 TRAP1 Metallothionein Cellular defense AAAGCACGACAAGTCTCTAAG 52°C
. Fp: TCCAGCTCAATCTCGCAAG Rp: o
2 TRAP2 Protein Cellular Defense CAGGAGCGACAGACATAC 54 °C
. R Fp: CGGGATATTGCTTCACTGC Rp: o
3 TRAP3 Protein Transport facilitation AGTCCATCTCCATGTGTGTC 55°C
4 TRAP4 Plastoquinone oxidoreductase Fp: AAGAATAGGTTTGGTGAATCGG Rp: 52 0C
subunit 5 Energy ACGCGGGATAATCGTCACTA
5 Arbit.1 - GACTGCGTACGAATTAAT -
6 Arbit.2 - GACTGCGTACGAATTGAC -
7 Arbit.3 - GACTGCGTACGAATTTGA -
Table 3: TRAP markers fourteen combinations of forward primers and arbitrary reverse primers with temperatures of primer.
TRAP
Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14
TRAP
TRAP 1 1R+ TRAP 2 TRAP2 | TRAP3 | TRAP | TRAP1 | TRAP | TRAP2 | TRAP2 | TRAP1 | TRAP1 | TRAP4 | TRAP 4
Combina- F+ Ar- F+ R+ F+ 3R+ F+ 1R+ F+ F+ F+ R+ F+ F+
tion Arbit.1 bit.1 Arbit.2 Arbit.2 Arbit.3 | Arbit.3 | Arbit.2 | Arbit.2 | Arbit.1 | Arbit.3 | Arbit.3 | Arbit.3 | Arbit.1 | Arbit.3
TM °C 52°C 52°C 54 °C 54 °C 55°C 55°C 52°C 52°C 54 °C 54°C 52°C 52°C 52°C 52°C
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Data analysis

The morphological data of the different varieties were analyzed
using a two-way analysis of variance (ANOVA). Subsequently,
phenotypic similarities and dissimilarities among the sugarcane
varieties were determined through Euclidean distance analysis
[22]. A dendrogram was generated using Euclidean distance
and the un-weighted pair group method with arithmetic average
(UPGMA) algorithm implemented in Past 4.11 software. For
the TRAP marker data, the amplified products that displayed
consistent and distinguishable bands were considered as identical
bands. The DNA bands obtained from each combination of TRAP
markers were converted into binary numbers, where 1 indicated
the presence of DNA bands and 0 indicated their absence. Only
well-defined bands were considered for further analysis. The
genetic similarity (GS) between the genotypes was determined
using Jaccard’s similarity coefficient. Based on this coefficient, a
dendrogram was constructed using the UPGMA algorithm in Past
4.11 software.

The allelic diversity at specific loci was assessed using the
Polymorphism Information Content (PIC). Additionally, the
capability of the primers to differentiate between genotypes
was evaluated by calculating their resolving power (Rp) using
popgene-1.32 software. Statistical analysis for the study was
performed using IBM SPSS Statistics 26, incorporating appropriate
tests and methods as required.

Results and Discussion

Effect of Salinity on Morphological and Physiological

Traits

The results of the analysis of variance (ANOVA) for the
sprouting percentage and mortality rate are presented in Table
4. The analysis evaluated the sources of variation, including
the Variety (V), Treatments (T), and their interaction (V * T).
Additionally, the mean squares, F-values, and corresponding
p-values are provided to assess the significance of each factor.

Table 4: Analysis of variance of sprouting percentage and mortality percentage of sugarcane varieties under different levels of salinity at 90 DAP.

Source of variation DF Sprouting (%) Mortality (%)
Mean Square F P-Value Mean Square F P-Value
Variety (V) 5 1984.695 6.182 0.001* 4265.468 23.069 0.001*
Treatments (T) 4 3782.127 11.781 0.001* 11139.473 60.245 0.001*
V*T 20 312.067 0.972 0.499 595.11 3.218 0.001*
Error 150 321.024 184.904
Total 180

*sinificant at P < 0.05

The sprouting percentage was significantly influenced by the
variety of plants (F (5,150) = 6.182, p < 0.001*), suggesting that
different varieties had distinct sprouting capabilities. Similarly,
the mortality rate was significantly affected by the variety factor
(F (5,150) = 23.069, p < 0.001%*), indicating that different varieties
exhibited varying levels of mortality. In addition to the variety
factor, the Treatments (T) factor also showed significant effects
on the sprouting percentage and the mortality rate. The various
treatments significantly impacted the sprouting percentage (F
(4,150) = 11.781, p < 0.001*) and the mortality rate (F (4,150)
= 60.245, p < 0.001%*), suggesting that specific treatments had a
notable influence on both parameters.

Regarding the interaction between Variety and Treatments (V *
T), it was found to be statistically non-significant for the sprouting
percentage (F (20,150) = 0.972, p = 0.499). This indicates that
the combined influence of variety and treatment on sprouting
was not statistically significant. However, for the mortality rate,
the interaction between Variety and Treatments was found to be
statistically significant (F (20,150) = 3.218, p < 0.001%), suggesting
that the combined effect of variety and treatment had an impact
on the mortality rate (Table 5).

Moving on to the analysis of other plant growth parameters,
As shown in (Tables 6 & 7), the Variety (V) factor exhibited
significant effects on shoot length (F (5,140) = 3.665, p = 0.004*),
root length (F (5,140) = 37.569, p < 0.001*), number of leaves
(F (5,140) = 2.873, p = 0.017%), leaf area (F (5,140) = 14.585,
p < 0.001*), shoot dry weight (F (5,140) = 49.120, p < 0.001%),
root dry weight (F (5,140) = 26.662, p < 0.001*), and chlorophyll
levels (F (5,140) = 5.121, p = 0.001*). This suggests that different
varieties significantly influenced these plant growth parameters.
Similarly, the Treatments (T) factor demonstrated significant
effects on shootlength (F (5,140) =45.467,p <0.001*), root length
(F (4,140) = 24.361, p < 0.001*), number of leaves (F (4,140) =
10.112, p < 0.001%), leaf area (F (4,140) = 84.379, p < 0.001%),
shoot dry weight (F (4,140) =107.910, p < 0.001*), root dry weight
(F (4,140) = 76.541, p < 0.001%*), and chlorophyll levels (F (4,140)
= 61.186, p < 0.001*). These findings indicate that the specific
treatments significantly influenced the measured plant growth
parameters. The interaction between Variety and Treatments (V
*T) had a significant effect on root length (F (18,140) = 1.886, p
= 0.022%), shoot dry weight (F (18,140) = 3.982, p < 0.001*), and
chlorophyll levels (F (18,140) = 1.837, p = 0.026*). This suggests
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that the combined effect of variety and treatment played a role in
shaping these aspects of plant growth. However, the interaction

did not have a significant effect on shoot length, number of leaves,
leaf area, and root dry weight.

Table 5: Analysis of variance of shoot length, root length, number of leaves and leaf area of sugarcane varieties under different levels of salinity

at 90 DAP age .

Source of Shoot length (cm) Root length(cm) Number of leaves Leaf area (cm?)
variation
Mean F P-Value Mean F P-Value Mean F P-Value Mean F P-Value
Square Square Square Square
Variety (V) 5 468.218 3.665 0.004* 1454.477 | 37.569 0.001* 1.772 2.873 0.017* | 14858.02 | 14.585 | 0.001*
Trea(t%e“ts 4 | 5808.855 | 45467 | 0.001* | 943.146 | 24.361 0.001* | 6236 | 10.112 | 0.001* | 85958.34 | 84.379 | 0.001*
V*T 18 110.801 0.867 0.618 73.004 1.886 0.022* 0.297 0.482 0.962 1578.161 | 1.549 0.082
Error 140 127.76 38.715 0.617 1018.72
Total 168

*sinificant at P < 0.05

Comparison between Sugarcane Varieties
Morphological and Physiological Traits Performance
under salinity stress

Effect of salinity on sprouting percentage, shoot and root
length

The results obtained from the experiment are presented in
Table 8, which shows the sprouting percentage, shoot length, and
root length for different treatments and varieties. The treatments
included various concentrations of NaCl (control, 25mM, 50mM,
75mM, and 100mM) while the varieties examined were GT 54-
9, G.3, G.4, Co 419, Bo 34, and F 161. Regarding the sprouting
percentage, the control group exhibited an average of 37.34%.
Bo 34 had the highest sprouting percentage (52.67%), while F
161 had the lowest (21.95%). Among the treatments, the 25mM
concentration showed the highest sprouting percentage and
100mM were the lowest. Significant differences were observed
among the varieties, with Bo 34 displaying the highest sprouting
percentages across all treatments. In contrast, F 161 exhibited the
lowest sprouting percentage at the 100mM concentration (0%),
with a mean of 19.33% across all treatments.

In terms of shoot length, GT 54-9 had the longest average
shoot length in the control group (62.17cm), while Bo 34 had the
shortest (45.80cm). The different NaCl concentrations also had a
significant impact on shoot length, with the 25mM concentration
resulting in a mean shoot length of 48.75cm, and 100mM
(22.60cm). Varietal differences were observed as well, with Co
419 exhibited the highest mean shoot length (59.17cm), while
Bo 34 having the lowest (45.80cm). Root length analysis revealed
that GT 54-9 had the highest average value (49cm), while F 161
had the lowest (18.58 cm). The different NaCl concentrations
also influenced root length, with lower concentrations leading to
longer roots. Across all treatments, GT 54-9 had the longest mean
root length (35.70cm), whereas F 161 had the shortest (18.58cm)
(Figure 1).

Effect of salinity on number of leaves, leaf area and shoot dry
weight

The number of leaves varied among the treatments and plant
varieties. As shown in Table 9, the control group had an average of
3.31leaves per plant. Co 419 exhibited the highestnumber ofleaves
(4), while G.3 had the lowest (2.83). As the NaCl concentration
increased, the mean number of leaves decreased. Co 419 had the
highest mean number of leaves (3.08), while G.4 had the lowest
(2.30). Statistically significant differences were observed among
the treatments and varieties at (p < 0.05). Leaf area demonstrated
significant variations among the plant varieties and treatments. In
the control group, G.3 displayed the highest leaf area (266.47cm?),
while F 161 had the lowest (183.73cm?). The control group also
had the highest overall leaf area (240.77cm?), while the 100mM
concentration had the lowest (108.23cm?). Among the varieties,
G.3 exhibited the highest average leaf area (212.10cm?), whereas
F 161 had the lowest (157.0cm?). The results of shoot dry weight
showed significant differences among the plant varieties and
treatments. The control group exhibited the highest shoot dry
weight, with an average of 31.18%, while the 100mM group had
the lowest, measuring 26.36%. Bo 34 had the highest shoot dry
weight (33.13%), whereas G.3 had the lowest (28.55%).

Effect of salinity on root dry weight, chlorophyll SPAD index
and mortality percentage

As exhibited in Table 10, Root dry weight exhibited variations
across the different varieties and treatments. On average, the
control group had a root dry weight of 15.67%, whereas F 161
displayed the lowest value (14.66%). Bo 34 exhibited the highest
root dry weight (16.86%). The control group resulted in the
highest root dry weights among the treatments, while the 100 mM
concentration had the lowest (11.71%). Likewise, Bo 34 had the
highest root dry weight (15.40%), whereas F 161 had the lowest
(12.81%) among the varieties across all concentrations.

How to cite this article: Nour M, Moustafa M E, Allabbody A, Mohamed M Y. Morphological and TRAP Marker Data Integration for Early Stage Assessment
m of Salinity Tolerance in Some Sugarcane (Saccharum spp.) Varieties . Agri Res & Tech: Open Access J. 2023; 27 (4): 556385.

DOI: 10.19080/ART0AJ.2023.27.556385



http://dx.doi.org/10.19080/ARTOAJ.2023.27.556385

Agricultural Research & Technology: Open Access Journal

Table 6: Analysis of variance of shoot dry weight, root dry weight and chlorophyll SPAD of sugarcane varieties under different levels of salinity at

90 DAP age.
Shoot dry Weight (%) Root dry Weight (%) Chlorophyll(SPAD)
Source of DF
variation Mean F 1B: Mean F e Mean F 1B:
Square Value Square Value Square Value
Variety (V) 5 53.183 49.12 0.000* 30.284 26.662 0.000* 100.017 5.121 0.001*
Trea&‘;e“ts 4 116.834 107.91 | 0.000* 86.939 76541 | 0.000* 1195 61.186 0.001*
V*T 18 4312 3.982 0.000* 1.757 1.547 0.083 35.87 1.837 0.026*
Error 140 1.083 1.136 19.531
Total 168
*sinificant at P < 0.05
e N
Figure 1: Roots growth of six sugarcane verities at age 30 DAP under different NaCl treatments.
\ J

Chlorophyll content, measured using the SPAD index, also
showed variations among the varieties and treatments. On
average, the highest chlorophyll content was observed in Co 419
(48.45 SPAD units), while the lowest was found in G.4 (43.98 SPAD
units). Among the treatments, the Control group and the 25mM
concentration resulted in the highest chlorophyll content, while the
100mM concentration had the lowest. Variation among varieties
found to be significant as well with Co 419 (46.13 SPAD units) as
the highest value and GT 54-9 displaying the lowest (38.19 SPAD
units). Mortality rate, indicating the percentage of plants that did
not survive, also varied among the varieties and treatments. On
average, the control group had the lowest mortality rate of 25.78
%, while Bo 34 had the lowest (11.02%). F 161 exhibited the
highest mortality rate (38.90%). Increasing NaCl concentrations
led to higher mortality rates, with the 100mM concentration

resulting in the highest. There were significant differences among
the varieties as well, with the lowest average rate recorded in Bo
34 (29.70%) and the highest observed in F 161 (60.31%). Notably,
the NaCl concentration of 100 mM was found to be completely
lethal for two varieties (Co 419 and F 161).

In general, significant variations were observed among the
treatments and varieties for all parameters measured. The results
indicate that salinity stress negatively impacted plant growth and
development, with higher NaCl concentrations leading to reduced
sprouting percentage, shoot length, root length, number of leaves,
leaf area, shoot dry weight, root dry weight, and chlorophyll
content. The control group consistently exhibited the highest
values for most parameters, while Bo 34 and Co 419 displayed
better tolerance to salinity stress compared to other varieties. F
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161 was found to be highly susceptible to salinity, as evidenced by
its low values across multiple parametersure 1. Roots growth of six
sugarcane verities at age 30 DAP under different NaCl treatments.

Phenotypic Similarity and Dissimilarities between

Varieties

Phenotypic similarities and dissimilarities between six
sugarcane varieties (GT.54-9, G.3, G.4, Co 419, Bo 34, and F 161)
were analyzed based on morphological data. The similarities
were quantified using the Euclidean distance, and the results are
presented in Table 10. The Euclidean distance is a measure of
dissimilarity that quantifies the difference between two varieties
based on their standardized means of morphological traits. A
smaller Euclidean distance indicates a higher similarity between
the varieties, while alarger distance indicates greater dissimilarity.

Upon analyzing the results, the distances between varieties

ranged from 8.35 to 20.20, reflecting the variability in their
morphological traits. Among the studied varieties, Co 419 and G.3
exhibited least dissimilarity, as indicated by a Euclidean distance of
8.35. In contrast, Bo 34 (salinity-tolerant) and F 161 (susceptible)
displayed the largest dissimilarity, with a distance of 20.20.
The dendrogram in Figure 2 provides a visual representation
of the phenotypic relationships among the sugarcane varieties.
By using the Euclidean distance matrix, we gained insights into
the similarities and dissimilarities between the varieties. From
the dendrogram, we can observe distinct clusters and branch
lengths that reflect the similarities and dissimilarities between
the varieties. Bo 34 stands out as the most dissimilar variety, as it
has the longest branch length foliowed by G.4. On the other hand,
the varieties F 161, GT.54-9 and Co 419, G.3 respectively form a
relatively closer twso clusters in the dendrogram suggesting
a higher similarity between them in terms of the analyzed
morphological traits.

F 161

T 534-9

G3

Co419

G4

Bo 34

T
20 18 e 14 12 10

and UPGMA method.

Euclidean Distance

Figure 2: Dendrogram showing different groups of 6 sugarcane verities generated from morphological data based on Euclidean distance

TRAP Markers PCR and Cluster Analysis

The results of the molecular characterization of six sugarcane
varieties using fourteen combinations of forward primers and
arbitrary reverse primers of TRAP are presented in Figure 3 and
Table 11. The table provides information on TRAP combination
number , primer combinations, primer temperatures (TM), total
alleles (TA), polymorphic alleles (PA), monomorphic alleles
(MA), percentage polymorphism (P%), polymorphic information
content (PIC), resolving power (RP), and discriminating power
(D) for each primer combination. As shown in Table 11 a total
of 14 TRAP combinations were evaluated, with varying primer
combinations and temperatures resulted in total number of alleles

(TA) of 90, out of which 88 alleles were polymorphic (PA), while 2
alleles were monomorphic (MA). The percentage of polymorphism
(P %) was calculated to be 97.78%.The total number of alleles
ranged from 2 to 10 in TRAP 3R+Arbit.3 and TRAP 2F + Arbit.3
respectively, with the mean of 6.43 alleles per primer. The mean of
polymorphicinformation content (PIC) was determined to be 0.36,
while the resolving power (RP) values were ranged from 1.67 to
7.33 in TRAP 3R+Arbit.3 and TRAP 2F + Arbit.3 respectively with
an average of 3.97. Discriminating power (D) ranged from 0.56 to
0.93 in TRAP 2R+Arbit.2 and TRAP1F+ Arbit.2 respectively with
an average of 0.8.

How to cite this article: Nour M, Moustafa M E, Allabbody A, Mohamed M Y. Morphological and TRAP Marker Data Integration for Early Stage Assessment

007
DOI: 10.19080/ART0A].2023.27.556385

of Salinity Tolerance in Some Sugarcane (Saccharum spp.) Varieties . Agri Res & Tech: Open Access J. 2023; 27 (4): 556385.


http://dx.doi.org/10.19080/ARTOAJ.2023.27.556385

Agricultural Research & Technology: Open Access Journal

*Lanes Number (1and 2= GT.54-9, 3 and 4= G.3, 5and 6 G.4, 7 and 8 Co 419, 9and 10= Bo 34, 11 and 12 = F 161, N = Excluded lane).

Figure 3: Molecular profiling of six sugarcane verities as resulted from 14 combinations of TRAP markers.

Genetic Similarity between Varieties

The genetic similarity analysis using the TRAP marker
provided insights into the relationships between the six sugarcane
varieties examined in this study. The mean genetic similarity values
presented in Table 12 reveal the degree of genetic resemblance
between each pair of varieties. Among the varieties, GT.549 and
G.4 demonstrated the highest mean genetic similarity coefficient
of 0.68 while lowest similarity coefficient was observed 0.19
between Bo 34 and G.4 with an average of 0.39. The dendrogram
divided the six sugarcane varieties into two clusters (Figure 4). The
first cluster consisted of GT.54-9, G.3 and G.4 exhibiting a genetic
similarity of 0.61. Cluster two comprised other three varieties Co
419, F161 and Bo 34 with 0.041 similarities. Furthermore, each
cluster branched into two sub-clusters, GT.54-9 and G.4 (0.68
similarity) and G.3 in first cluster. Second cluster divided into
sub-cluster contains Co 419 and F 161 with similarity 0.42 among
them, and the other sub-cluster with variety Bo 34 Table12. Mean
genetic similarity between 6 sugarcane verities resulted from
TRAP marker Figure 4. Dendrogram showing different distinct
groups of 6 sugarcane verities resulted from TRAP marker based
on Jaccard’s similarity coefficients and UPGMA method.

Discussion

The present study aimed to investigate the early stage salinity
tolerance of six sugarcane varieties through the integration of
morphological and TRAP genetic marker data. The findings
provide valuable insights into the impact of salinity stress on the
growth and development of selected sugarcane varieties, as well
as the genetic relationships among the tested varieties. The results
of our study are consistent with previous research on the negative
effects of salinity stress on sugarcane growth and development.
Our findings align with the study conducted [8-10], which reported
reduced shoot length, root length, leaf area and shoot and root
biomass under salinity stress in sugarcane varieties. Similarly,
Anitha et al. [11] found that salinity stress negatively affected the
chlorophyll content .The observed variations in the measured
parameters can be attributed to both variety and treatment factors.
This is consistent with the findings of previous studies reported
significant interaction effects between sugarcane varieties and
salinity treatments on various growth and physiological traits.

Phenotypic similarity successfully discriminates between the
salinity-tolerant variety (Bo34) and the salinity-sensitive variety
(F 161) with largest Euclidean distance of 20.20. The Euclidean
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distance is a measure of dissimilarity that quantifies the difference
between two varieties based on their standardized means of
morphological traits. A smaller Euclidean distance indicates a
higher similarity between the varieties, while a larger distance
indicates greater dissimilarity. In this study, the molecular
characterization of six sugarcane varieties using TRAP markers
and cluster analysis was conducted. The results presented in this
study provide valuable insights into the genetic characteristics
and relationships among the examined sugarcane genotypes. Our
study utilized fourteen combinations of forward and arbitrary
reverse primers in PCR amplification, resulting in a total of 90
alleles, out of which 88 alleles were polymorphic and 2 alleles
were monomorphic. The high percentage of polymorphism

(97.78%) indicates a significant level of genetic diversity among
the analyzed varieties, this percentage is much higher than the
polymorphism percentage of 65 % that reported by Farsangi
et al. [19] and 73% by Devarumath et al. [20]. The difference in
polymorphism percentage can be attributed to the use of 14 of
TRAP combinations with the highest reported polymorphism
(100%) from a previous study of Farsangi et al. [19], moreover
, we examined 6 different sugarcane varieties against 18 in the
same mentioned study. The average polymorphic information
content (PIC) value in our study was 0.36, which is near to the PIC
value of 0.30 that obtained by Farsangi et al. [19] and 0.28 [23]
among 18 and 64 sugarcane genotypes respectively.

Ve

Co 419

F 161

Bo 34

03 04 05 0.6

coefficients and UPGMA method.

0.7
Similarity Coefficients

Figure 4: Dendrogram showing different distinct groups of 6 sugarcane verities resulted from TRAP marker based on Jaccard’s similarity

08 09 1.0

Genetic similarity among the tested varieties in our study
ranged from 0.19 to 0.68, with an average of 0.39. In comparison,
Farsangietal. [19] reported arange of 0.53 to 0.91, with an average
of 0.72. These results indicate higher genetic variation among the
six sugarcane varieties in our study compared to the previous
study. In contrast to phenotypic distance, the genetic similarity
analysis did not show a clear distinction among varieties in terms
of their response to salinity stress. Interestingly, the salinity-
sensitive variety (F161), salinity-tolerant variety (Bo 34) and
the drought-tolerant variety (Co 419) all were grouped together
in the same cluster, indicating a higher level of genetic similarity
between these varieties compared to the other three commercial
varieties. This finding highlights that these salinity and drought
tolerant varieties share more genetic similarities despite their

DOI: 10.19080/ART0AJ.2023.27.556385

different stress tolerance characteristics performance.

The difference between phenotypic and genetic similarity
arises from the fact that phenotypic traits can be influenced
by environmental factors, which may lead to variations among
individuals even if they share similar genetic backgrounds.
In contrast, genetic similarity focuses solely on the genetic
information and is less influenced by environmental conditions
[24]. Molecular markers, including TRAP, RAPD, and SSR markers,
play a crucial role in providing insights into the genetic diversity
and relatedness among sugarcane varieties, particularly in terms
of salinity tolerance. These markers enable the detection of genetic
variations associated with specific stress-responsive genes or
pathways, even when there are no significant morphological
differences.
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Table 7: Effect of salinity on sprouting percentage at 45 DAP and shoot and root length of sugarcane.

Treat- Sprouting (%) Shoot length (cm) Root length(cm
ments/
Variet- Con- 25 mM 50 75 mM 100 Mean | Control | 25mM | 50 mM | 75 mM 100 Mean Control 25 50 mM 75 mM 100 Mean
ies trol mM mM mM mM mM
GT 54-9 | 4432 | 2478 | 27.68 | 3033 22.2 29.868 | 62.17 4748 47.08 33.25 21.75 | 42.35% 49 42 34 29 24.5 35.70°
G.3 30.28 | 22.13 25 27.77 16.5 | 24.34% | 5635 48.58 39.5 29.75 22 39.248" | 3133 25 19.15 2247 | 14.67 | 22.52¢
G.4 4165 | 41.62 | 3043 | 835 823 | 26.06% | 57.33 53.17 42.38 35.05 28.08 | 43.20% | 34.17 | 211 21.5 19 18.38 | 22.83"
Co419 | 33.2 3033 | 27.6 | 1655 0 21.54% | 59.17 55.42 47.33 29.17 0 47.77° 26.17 | 20.97 18.3 16.27 0 20.43!
Bo34 | 52,67 | 52.67 47 30.55 | 27.32 | 42.04f 45.8 40.68 37.87 27.33 18.58 | 34.05" 37.95 289 31.42 31.65 | 26.52 | 31.298
F161 | 21.95 | 33.28 | 27.67 | 13.77 0 19.33" | 50.58 47.15 46.67 14.08 0 39.62¢ 18.8 19.12 | 19.73 16.67 0 18.58'
Mean | 37.34° | 34.14° 30;90 21.22° | 12.38¢ 55.23° | 4875 | 43.47° | 28.11° | 22.60° 32.90° | 26.1° | 24.02b° 22.5¢ | 21.0°¢
Means that share at least one common letter are considered statistically non-significant (p < 0.05) based on the Duncan Test.
Table 8: Effect of salinity on number of leaves, leaf area and shoot dry weight of sugarcane varieties at 90 DAP age.
Treat- Number of leaves Leaf area (cm?) Shoot dry Weight (%)
ments/
Vail::t' Control Zilm 11511(\)/1 n71;l llr?l\?[ Mean | Control :1]?/[ :34 IZ; 11:1\2 Mean Control :ﬂil nsll(\)/l "71; rlr?l\(/: Mean
GT 54-9 35 2.83 25 | 233 | 1.83 | 2.60¢" | 22946 | 201.17 | 17217 132.7 | 123.44 | 171.79% | 3227 29.87 29.04 27.62 | 2717 | 29.19¢
G.3 2.83 2.67 25 | 233 | 233 | 2538 | 26647 | 2428 21538 | 18538 | 15049 | 212.10° 30.73 29.38 28.75 27.92 | 25.99 | 28.55"
G.4 3 2.5 233 | 2 1.67 | 2.30" | 24871 | 206.15 | 217.55 151.9 80.32 | 180.93¢ 31.07 31 30 27.5 23.45 | 28.60¢"
Co 419 4 3 3 [233 0 3.08" | 2524 | 21356 | 18246 | 15836 0 201.69' 29.47 29.34 29.25 27.65 0 28.93¢
Bo 34 333 3 3 | 267 | 267 | 293% | 23517 | 23202 | 17825 | 161.51 | 7866 | 177.12¢ 33.13 33.33 32 31.67 | 28.84 | 31.79
F161 3.17 3 2.83 | 217 0 2.79¢ | 21238 | 159.11 | 160.09 96.46 0 157.01" 30.43 29.92 28.72 2748 0 29.14#
Mean 3.31° 2.83° | 2.69°|2.31c| 2.13¢ 240.77* | 209.13" | 187.65° | 147.72¢ | 108.23° 31.18° 30.47° | 29.63° | 2831¢ | 26.36°
Means that share at least one common letter are considered statistically non-significant (p < 0.05) based on the Duncan Test.
Table 9: Effect of salinity on root dry weight, chlorophyll SPAD Index and mortality percentage of sugarcane varieties at 90 DAP age.
Treate- Root dry Weight (%) Chlorophyll (SPAD) Mortality (%)
t/
Varieties | Control 1121;[ nSIOM 75 mM 11:13 Mean (;::l. 25mM | 50mM | 75mM 11:13 Mean | Control | 25 mM nsloM 1;71:4 111:)131 Mean
GT 54-9 16.67 14.69 | 14.34 13.41 11.2 | 14.068 | 46.05 | 41.37 38.52 35.68 2932 | 38.19" | 1643 21.77 | 38.67 | 49.67 | 525 | 35.81
G.3 15.27 14.18 | 13.31 12.12 11.27 | 13.23" | 48.08 | 48.52 40.22 34.08 29.93 | 40.17¢ | 24.82 50 49.67 58 49.67 | 46.43¢
G.4 15.54 15.24 | 14.32 13.55 10.55 | 13.84¢ | 43.98 | 46.65 43.15 35.63 34.87 | 40.868 | 21.93 30.22 | 495 | 60.83 58 | 44.10¢
Co 419 15 14.63 | 13.52 12.31 0 13.868 | 4845 | 50.32 47.47 38.28 0 46.13f 416 33 49.67 | 63.5 100 | 57.55"
Bo 34 16.86 16.43 | 15.18 14.68 13.85 | 15.40f | 46.23 | 44.4 43.17 38.67 33.7 41.23¢ | 11.02 21.83 | 21.67 | 415 52.5 | 29.70'
F161 14.66 13.77 | 12.48 10.33 0 12.81" | 4558 | 44.8 46.12 30.35 0 41.71¢ 38.9 4117 | 49.67 | 71.83 | 100 | 60.31"
Mean 15.67° | 14.82° | 13.86° | 12.73¢ | 11.71° 46.40° | 46.01° | 43.11° 35.45¢ | 31.95d 25.78* | 33.00° | 43.14¢ | 57.56¢ | 68.78¢
Means that share at least one common letter are considered statistically non-significant (p < 0.05) based on the Duncan Test.
Table 10: Mean Euclidean distance between 6 sugarcane verities resulted from data records of 9 morphological data.
GT 54-9 G3 G4 Co 419 Bo 34 F161
GT 54-9 0
G3 13.12 0
G4 11.93 15.69 0
Co 419 11.68 8.35 15.85 0
Bo 34 16.03 19.6 16.67 20.19 0
F161 11.37 13.14 15.44 10.11 20.2 0

Table 11: Molecular characterization of six sugarcane varieties using 14 TRAP markers combinations.
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N,:‘lﬁﬁ)l:r Combination TM °C TA PA MA P (%) PIC RP D
1 TRAP 1 F + Arbit.1 52°C 5 5 0 100 0.36 2.33 0.87
2 TRAP 1R + Arbit.1 52°C 4 4 0 100 0.37 2.33 0.8
3 TRAP 2 F + Arbit.2 54°C 5 4 1 80 0.37 2.33 0.82
4 TRAP 2 R + Arbit.2 54°C 8 7 1 77.8 0.35 4.67 0.56
5 TRAP 3 F + Arbit.3 55°C 9 9 0 100 0.35 6.33 0.88
6 TRAP 3 R + Arbit.3 55°C 2 2 0 100 0.37 1.67 0.68
7 TRAP 1 F + Arbit.2 52°C 6 6 0 100 0.32 2.67 0.93
8 TRAP 1R + Arbit.2 52°C 5 5 0 100 0.36 3.33 0.85
9 TRAP 2 F + Arbit.1 54°C 9 9 0 100 0.37 4.67 0.81
10 TRAP 2 F + Arbit.3 54°C 10 10 0 100 0.37 7.33 0.79
11 TRAP 1 F + Arbit.3 52°C 5 5 0 100 0.37 3.67 0.82
12 TRAP 1R + Arbit.3 52°C 8 8 0 100 0.34 4.33 0.91
13 TRAP 4 F + Arbit.1 52°C 7 7 0 100 0.37 5 0.65
14 TRAP 4 F + Arbit.3 52°C 7 7 0 100 0.35 5 0.88
Total - - 90 88 2 1357.8 5.02 55.66 11.25
Mean - - 6.43 6.28 0.14 97.78 0.36 3.97 0.8

Note: TM: Temperatures of primers. TA: Total Alleles. PA: Polymorphic Alleles. MA: Monomorphic Alleles. P: Percentage Polymorphism. PIC:
Polymorphic Information Content. RP: Resolving Power. D: Discriminating power.

Table 12: Mean genetic similarity between 6 sugarcane verities resulted from TRAP marker.

GT.54-9 G.3 G.4 Co 419 Bo 34 F161
GT.54-9 *
G.3 0.6 *
G.4 0.68 0.66 *
Co 419 0.35 0.47 0.4 *
Bo 34 0.26 0.29 0.19 0.38 *
F161 0.23 0.26 0.22 0.42 0.41 *

Interestingly, our study revealed significant morphological
trait variation among the sugarcane varieties under salinity
stress. However, the genetic similarities based on the TRAP
markers analysis for these varieties differed from the phenotypic
similarity and dissimilarity analysis. One plausible explanation
for this discrepancy is that morphological traits, which typically
rely on observable characteristics, may not accurately reflect the
underlying genetic similarities or differences at the molecular
level. This could be attributed to the occurrence of epigenetic
changes without significant alterations in morphology. While
considerable research has been conducted on the mechanisms
underlying abiotic stresses, our understanding of the role of
epigenetic regulation in these processes remains relatively
limited [25]. Epigenetic modifications, such as DNA methylation
and histone modifications can affect gene expression and regulate
stress-responsive pathways. These changes can be heritable and
play a role in the adaptation of plants to different environmental
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conditions [26-28]. For example, salt stress in plants leads to
increased accumulation of salt contents, primarily sodium ions
(Na+), which can cause ionic toxicity. This stress negatively
affects plant growth and development and can result in secondary
oxidative stress[29,30]. Therole of Histone acetyltransferase (HAT)
in regulating salt tolerance has been studied in A. thaliana, where it
was found that the mutant strain lacking the GENERAL CONTROL
NONDEREPRESSIBLE 5 (GCN5) gene exhibited higher uptake and
accumulation of Na+ compared to wild-type plants. This increased
Na+ content impaired the growth of the mutant under salt stress
conditions. Furthermore, GCN5 was shown to interact with genes
involved in cell wall synthesis, such as CHITINASE-LIKE 1 (CTL1)
and MYB54. The reduced concentrations of H3K9ac and H3K14ac,
which are associated with GCN5, in the mutant under salt stress
indicated that GCN5 acts as a conserved epigenetic regulator [31-
33]. Therefore, it is possible that sugarcane varieties with similar
morphological traits performance in terms of salinity tolerance
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may exhibit different genetic similarities at the molecular level
due to variations in their epigenetic profiles.

Conclusion

This study provides valuable information on the early stage

salinity tolerance of six sugarcane varieties, which aligns with
previous findings. Integrating morphological and TRAP marker
data offers a comprehensive understanding of the mechanisms
underlying salinity tolerance in sugarcane varieties. The use of
phenotypicand genetic distances derived from both morphological
and molecular data can be more useful for identifying individuals
with more salinity-tolerant traits and for selecting parents in
breeding programs.
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