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Abstract

Aegilops tauschii Coss. (2n = 2x = 14, DD) is a weed of wheat, competes for resources, performs better
against different abiotic stresses, and is a rich genetic material source for wheat crop improvement
programs. The effects of different drought stress levels on physiological and biochemical parameters
and the expression profile of the drought resistance gene DRB were examined through greenhouse
experiments. The physiological parameters (plant height, dry weight biomass, plant height, and leaf area-
related parameters) fluctuated under different drought stress levels. Photosynthetic parameters
(maximum (Fo') and minimum (F'm) fluorescence, photochemical ((®PSll)), and non-photochemical
quenching (qN)) were also affected by different drought stress levels, and their efficiency fluctuated with
water availability. In the biochemical analysis, shallow significant changes occurred in peroxidase (POD),
catalase (CAT), and proline content, while malondialdehyde (MDA) showed variation under different
drought stress conditions. In the DREB gene expression analysis, eight populations showed high
expression profiles compared to the control conditions in Ae. tauschii. The expression profiles in Ae.
tauschii showed a high fold increase compared to the control condition, and DREB gene expression
correlated with the changes in physiological and biochemical parameters.

1. Introduction

Extended drought stress periods, heat stress, and heavy climate change are becoming more regularly
affecting global crop production [1]. Drought stress is the most distressing threat to agricultural
productivity worldwide [2]. It has been assessed that by 2050, worldwide drought will adversely affect
plant growth and development and ultimately decrease productivity [3]. Drought stress reduces
photosynthesis, relative water content, cell division and elongation and causes an imbalance between
antioxidant and reactive oxygen species [4]. Under different abiotic stresses, including drought, plants
change their physiological, biochemical, and molecular processes [5]. Different drought stress conditions
directly influence different plant growth parameters, chlorophyll content, and photosynthetic activities [2].
Water stress damages cell inhibition, growth, induction of the repair system, and different metabolic
activities in plants [6].

Plant responses to different drought conditions are fundamental for implementing crop management
strategies to stimulate physiological, biochemical, and molecular changes [7], disturbing the
physiological process of reactive oxygen species (ROS) levels in plant cells [8]. Disproportionate and
excessive accumulation of ROS, exemplified by superoxide anion (O,), hydrogen peroxide (H,0,),

hydroxyl radical (HO™), and singlet oxygen (0,), leads to the generation of oxidative stress [9]. During the
management of drought stress with oxidative damage, plants change the levels and/or activity of several
enzymes, including catalase (CAT), superoxide dismutase (SOD), and peroxidase (POD) in plants (Satti et
al. 2022) to avoid or repair the damage caused by the production of ROS [10], in plants [11]. SOD,
Ascorbate peroxidase (APX), POD, and CAT activities are vital in protecting plants from severe drought
stress [12]. These enzymes make plants tolerant to different extreme biotic and abiotic stresses [13, 14].
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Antioxidant enzymes (POD, SOD, and CAT) have been studied in different varieties of lantana (pink, red,
and violet) under different environmental conditions [15, 16]. Several genes are involved in drought stress
tolerance, linked to different plant morphological and structural changes [17]. Drought tolerance has
complex phenotypic and quantitative traits that include these responses and involve several different
genes [18].

Different candidate and responsive genes in cereals control adaptive strategies against various abiotic
stresses, including drought[19]. Transcription factors (TFs) play vital roles in plant growth and
development under different biotic and abiotic stresses [20]. Among TFs, the dehydration-responsive
element binding protein (DREBs) family plays essential roles in plant signalling networks and modulates
many methods [21]. DREB expression has been investigated under different abiotic stresses in different
plant species [22]. However, recent studies have shown inconsistencies in the expression of DREB under
different abiotic stresses, including drought and salinity stress conditions [23]. Some studies have
reported that DREB affects and responds to adverse salinity, drought, and low-temperature environments
[24]. To understand the regulatory mechanisms and molecular networks activated under different drought
stress levels is very important to identify genes mediating tolerance to these conditions in various plant
species [25].

Ae. tauschiiis a rough and wild species, and its D genome is considered to be a donor for cultivated
wheat [26, 27]. It has broad geographical distribution in different wheat-growing countries, including
China, Turkey, Central Asia, and Afghanistan. In China, its large-scale effects compete for different
sources in wheat production areas [28, 29]. It has the ability to perform better against different abiotic
stresses (heat, drought, and salinity) and has quick adaptation strategies [30, 31]. D genome of Ae.
tauschiiis a rich genetic source, and its useful traits (resistance to drought, salinity, and heat) can be
used for wheat development programs [28, 32]. In this study, we evaluated different physiological,
biochemical, and molecular parameters that are directly linked to drought stress and provided evidence
for understanding the drought stress mechanism in Ae. tauschii Coss.

2. Material And Method
2.1 Plant Materials

Ae. tauschii seeded were collected from 5 provinces of China (Shandong, Shanxi, Shaanxi, Henan, and
Hebei). Greenhouse experiments were conducted at the institute of plant protection Chinese Academy of
Agriculture Sciences in Beijing, China. A complete randomized design was performed with eight
replications, and data were recorded for various physiological and biochemical parameters. For drought
stress application, three different levels of field capacity D4 = 15-25%, D, = 45-55%, and D3 = 75-85%
were applied, and Time-Domain Reflectometry (TDR) soil moisture meter (TRIMEPICO, Germany) was
used to measure the moisture level. Before 15 days of drought stress application, 80—100% moisture
levels were maintained in pots (size 13cm in height and 15cm in diameter) for seed germination. The pot
contained sandy loam soil and hummus at a ratio of 3:1.
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2.2 Physiological parameters and Chlorophyll fluorescence

Physiological parameters (plant height, dry weight biomass, leaf area, and specific leaf area) were
measured under different drought stress levels. Meter rod and portable leaf area meters were used to
estimate plant height and leaf area. Plants were separated into root, shoot for dry biomass, and placed in
an oven for 48 hours. Digital weight balance was used to calculate dry biomass—the dry weight ratio to
leaf area measured by specific leaf area (SLA). For chlorophyll and photosynthesis parameters, imaging-
PAM (IMAG-KS5, walz, Germany) was used to calculate maximum (Fo’) and minimum (F'm) fluorescence,
photochemical ((®PSIl)) and non-photochemical quenching (gqN) [33].

2.3 Determination of biochemical indices

Measurements of antioxidant defence systems include the content of POD, CAT, proline, and MAD [34].
POD activity was determined by the guaiacol method; The activity of CAT was determined by the UV
absorption method [35]; Determination of proline by acidic ninhydrin of MDA content by thiobarbituric
acid method [33].

2.4 RNA Extraction and cDNA Synthesis

For gene expression analysis, 8 populations were used under control and drought (75 g L™ PEG-6000)
stress with 3 replications for each population. After 15 days of drought stress application, leaf sample of
each population was harvested and stored at - 80°C. Ribonucleic acid (RNA) preparation pure plant kit
(Cat. #DP432 Tiangen Biotechnology Beijing CO., LTD China) was used for RNA extraction. From 1g of
leaf sample, genomic DNA was extracted by using RNase-free DNase1 kit (Taingen, Biotechnology CO,,
LTD Beijing, China). The concentration and integrity of DNA was checked at 1% agarose gel
electrophoresis, and RNA quantity and quality was measured at NanoDrop (NanoDrop Technologies,
Wilmington, DE, USA). The 1ug of total RNA was used for cDNA synthesis using fast quant R.T. kit (Cat
#KR116-02, Tiangen Biotechnology CO., LTD Beijing, China), and the sample was stored at - 80°C for
further usage.

2.5 Primer and qPCR analysis

For gene dehydration-responsive element-binding protein 1E (DREB) expression studies, the primers;
DREB-F. CGAGTCTGTTGATGAGTCT and DREB-R TTCTGTAGTAAGTGCTTGCTA were used, respectively.
The actin was used as reference gene for gPCR analysis ACT-F ACT-F TTGCCTTGGATTATGAACA and
ACT-R GATGGCTGGAACAGAACTT were used respectively. For gPCR, ABI 7500 machine was used by
applying SYBR green (Applied Biosystems, Foster City, CA, USA). Total volume of 1 sample was 20 L,
which contained 10 yL PCR master mix, 0.6 10 pL of forward and reverse primer, 0.6 pL of dye and 7.3 pL
of ddH,0. Cycling condition for melting curve temperature: 10 minutes at 95°C, 55-58°C for 32 seconds,
40 cycles for 95°C, with an increase of 0.5 to 0.7°C every 5 seconds and extended at 72°C for 30 seconds.
Four biological and three technical replicates were applied during gPCE analysis.

3. Results
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3.1 Physiological and chlorophyll parameters

Physiological and chlorophyll parameters were significantly affected by drought stress. The dry-weight
biomass allocation of the Ae. tauschii under different drought stress levels was significantly (p<0.05)
affected, and minimum and maximum dry weight biomass (0.65 g and 1.65 g) were recorded under 75%
and 15-25% field capacity levels, respectively. The maximum decreased by 55% in dry weight biomass
under 15-25% drought stress levels. Under different drought levels, the maximum plant height was 16.4
cm at 75-85%, while the minimum was 11.3 cm under 15-25% drought stress application. Plant height
was reduced by 21% under 15-25% drought stress. Regarding root shoot biomass allocation, 0.64 g were
recorded in high field capacity level, in contrast, a minimum of 0.54 g was recorded in the lower field
capacity level. The reduction percentage was 13.4% in lower field capacity levels as compared with high
field capacity. For leaf area synthesis, drought stress decreased production; a maximum of 114.54 cm
was recorded in 75-85% field capacity, whereas a minimum of 64.43% was recorded in lower capacity
levels. A 38% decrease occurred compared with lower water availability. Leaf area ratio (LAR) and specific
leaf area (SLA) significantly affected the maximum (154.54 and 422.43%, respectively) measured under
high water availability, while the minimum was (39.11 and 75.43) at lower field capacity levels (10.20%).
Reduction in LAR and SLA was 67% and 73%, respectively, at lower capacity levels of 15-25%.

Chlorophyll fluorescence was also significantly affected by drought stress. Fo' and Fm' steadily decreased
with increasing water availability. Fm' measured a maximum of 0.48 in high field capacity and a
minimum of 0.32 in lower field capacity. In the quantum yield of photosystem Il (PSlI), the maximum and
minimum (0.51 and 0.34) were recorded under high (75-85%) and lower (15-25%) levels. A similar trend
was observed for photosystem Il. Photochemical quenching also increased to 0.54 at high water
availability, reaching a minimum of 0.43 at the lower field capacity level. In gN, it was 0.65, while it
decreased and reached 0.54 at 15-25% field capacity levels.

Table 1. Minimum, maximum and mean values of physiological traits ((pInat height, dry weight biomass,
leaf area, leaf area ratio and root and shoot ratio) under different drought stress levels in Ae. tauschii.
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D1
Mini.
Maxi.
Mean

D2
Mini.
Maxi.
Mean

D3
Mini.
Maxi.

Mean

Plant
Height

(cm)

13.5
15.7
15.1

11.5
13.7
13.1

11.5
14.5
12.7

Dry Weight of
Biomass

1.87
2.78
2.35

1.56
2.11
1.92

1.65
2.31
1.92

Leaf
area

77.4
89.5
82.4

72.4
83.4
78.4

69.5
79.4
72.9

Specific leaf
area

54.9
150.6
15.1

129.0
170.6
13.1

159.8
324.7
12.7

Leaf area
ratio

31.41
67.09
49.33

70.90
94.85
82.29

77.98
81.42
108.18

R/S

Ratio

0.63
0.87
0.72

0.64
0.98
0.78

0.54
0.94
0.76

D1=15-25%, D= 45-55% , D3= 75-85%, Mini=minimum and maxi=maximum.

Table 2. Effect of different drought stress level on the physiological traits (plant height, dry weight

biomass, leaf area, leaf area ratio and root and shoot ratio) in Ae. tauschii.

D1D2
D1D3
D2D1
D2D3
D3D1
D3D2

Treatments Plant

Height
(cm)
1.96*
2.01*
-1.96*
0.05
-2.01*
-0.05

Dry Weight of
Biomass

0.42*
0.36*
-0.42*
-0.05
-0.36*
0.053

Leaf
area

4.75*
9.07*
-4.75*
4.32*
9.07*
-4.32*

Specific leaf
area

-59.65*
-65.47*
59.65*
-5.82
65.47*
5.825

Leaf area
ratio

-33.61%*
-64.66*
33.61*
-31.05*
64.66*
31.052*

R/S

Ratio

-0.06
-0.031
0.06
0.028
0.032
-0.028

The different letter shows a significant difference in treatments at 5% probability level. D;= 15-25%, D,=

45-55% and D3= 75-85%
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Table 3. Minimum, maximum and Mean values of physiological traits under control and salinity stress
conditions.

Fo Fm Y() ®PSI gN gP NPQ Y(NPQ)
D1
Mini. 021 034 037 028 054 043 034 024
Maxi. 034 053 054 063 075 076 048 0.49

Mean. 0.28 042 045 046 0.68 0.56 039 0.36

D2
Mini. 0.11 034 031 024 054 032 028 0.29
Maxi. 0.31 048 045 0.45 0.65 0.64 045 0.45

Mean. 022 039 038 0.38 0.61 046 037 0.37

D3
Mini. 0.14 0.28 0.25 0.21 045 034 026 0.24
Maxi. 0.26 039 041 043 0.74 0.55 043 041

Mean. 0.19 033 0.33 0.31 0.55 043 037 0.31

(Fo'=minimal fluorescence, F'm= maximal fluorescence, Y(Il)= effective quantum yield of PSI ®PSlI=
quantum yield of PSII photochemical, gP= photochemical quenching, gN =non-photochemical quenching,
NPQ= Nonphotochemical chlorophyll fluorescence quenching and Y(NPQ)= fraction of energy dissipated
in form of heat via the regulated non-photochemical quenching mechanism).

Table 4. Effect of different drought stress level on different photosynthetic parameters under different
drought stress levels.

Treatments Fo' F'm N{() oPSIl  gN qP NPQ Y(NPQ)
D1D2 0.058* 0.034 0.070* -0.095 0.075 0.092 0.017 -0.009
D1D3 0.085* 0.098* 0.122* 0.045 0.13* 0.125* 0.03 0.045
D2D1 -0.058* -0.04 -0.071* 0.008 -0.075 -0.092 -0.017 0.009
D2D3 0.03 0.065* 0.052* 0.053 0.055 0.032 0.009 0.061
D3D1 -.086* -0.09* -0.13* -0.045 -0.13* -0.12* -0.025 -0.05
D3D2 -0.03 -0.066* -0.052* -0.053 -0.06 -0.03 -0.008 -0.054
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The different letter shows a significant difference in treatments at 5% probability level. D;= 15-25%, D=
45-55% and D3= 75-85%. Fo'=minimal fluorescence, FFm= maximal fluorescence, Y(ll)= effective quantum
yield of PSI ®PSll= quantum yield of PSIlI photochemical, gP= photochemical quenching, gN =non-
photochemical quenching, NPQ= Nonphotochemical chlorophyll fluorescence quenching and Y(NPQ)=
fraction of energy dissipated in form of heat via the regulated non-photochemical quenching
mechanism).

3.2 Drought stress and antioxidant system

When plants suffer from drought stress, their bodies' cellular oxidation balance is destroyed. Our study
found that POD and CAT responded actively to oxidative damage in Ae. tauschii plants under different
drought stress levels. Drought stress treatment had a slight effect on POD activity and no significant
effect on leaf POD content. However, the CAT content decreased significantly with increasing drought
stress treatment in Ae. tauschii. As one of the important components of plant proteins, proline is free in
plants, is produced in large quantities, and accumulates in plants under abiotic stresses, such as high salt
and drought. Our results showed that the levels of proline decreased in Ae. tauschii with increasing
drought stress. In contrast, MDA content decreased significantly with under drought conditions in Ae.
tauschii. Its content decreased dramatically and reached a very low level compared to the control with
high water availability.

Table 5. Minimum, maximum, and Mean values of antioxidant system under different drought stress
level.

POD CAT MAD  Proline
D1
Mini. 1209 323 3.11 3.11
Maxi. 1420 454 3.98 3.98
Mean 13519 3839 3.56 3.76
D2
Mini. 1098 311 2.54 2.54
Maxi. 1320 367 3.34 3.21
Mean 1237.3 3445 299 2.99

D3
Mini. 987 231 2 2
Maxi. 1202 363 294 294
Mean 1107.8 2720 2.33 2.33
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D,= 15-25%, D,= 45-55% and D3= 75-85%. CAT= catalase, POD= peroxidase, MAD= malondialdehyde).

Table 6. Effect of different drought stress level on antioxidant system in Ae. tauschii

Treatments CAT POD MAD Proline
D1D2 39.37 114.63*  0.543* 0.59
D1D3 111.87%  24413* 1.052* 1.355*
D2D1 -39.37 -114.63* -0.543* -0.59
D2D3 72.50* 129.51*  0.508* 0.756*
D3D1 -111.87*  -24413* -1.052* -1.35*
D3D2 -72.50* -129.51*  -0.508* -0.756*

The different letter shows a significant difference in treatments at 5% probability level. D;= 15-25%, D,=
45-55% and D3= 75-85%. CAT= catalase, POD= peroxidase, MAD= malondialdehyde).

3.3 Expression Patterns of DRB under drought stress

Expression analysis of DRB under control and drought stress levels (75 g L™! PEG-6000). Eight
populations showed substantial changes under different drought stress conditions. Beacon Designer
software designed forward and reverse primer (5'-3') of reference genes and used within in exon regions.
Exon-exon region primers are specific for the amplification of cDNA, which contains an intron between
exon-exon junctions. The expression profile of the DRB gene varies, and high expression has been
reported under drought-stress conditions. Under drought stress (75 g L™! PEG-6000), expression levels of
DRB were higher than those under normal conditions. Under control conditions, the DRB expression was
1.2-,1.3-,1.5-, 1.3+, 1.6+, 1.3+, 1.4-, and 1.2-fold higher than that under normal conditions. When drought
stress treatment was applied, the expression of DRBwas 5.3-, 5.4-, 4.6-, 5.1-, 4.9-, 5.8-, 5.9-, and 5.3-fold
higher than that under control conditions.

4. Discussion

In our study, we investigated physiological, biochemical, and molecular parameters in Ae. tauschii
populations under different drought stress conditions. Ae. tauschii present in more than 10 provinces of
China and infests 330,000 hectares of wheat-growing area [36, 37]. In this study, we investigated the
mechanisms of Ae. tauschiito drought stress environments to understand its adaptability and
performance. Ae. tauschii can utilize more water and soil resources and has higher growth rates than
other crops [38]. At the initial experiments regarding physiological parameters, drought stress was found
to affect leaf area, biomass allocation and root and shoot development. Water availability is vital for
plant growth and affects cellular processes [39]. Ae. tauschii significantly increased root and shoot
growth in water shortage and survived better in harsh environments, even though water availability
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directly affects growth and biomass allocation [40]. Therefore, the Ae. tauschii genome has a natural
ability to withstand different environmental stresses [41]. Similarly, Prunus mongolica affected the root-
to-shoot ratio under different drought stress levels [42]. Plantago ovata and psyllium also significantly
affected physiological parameters under different drought stress conditions [43]. Drought stress
conditions did not suppress plant height and leaf area because they can grow faster than normal plants
[28, 44].

Chlorophyll fluorescence is an important method for determining the photosynthetic activity of plant
leaves under different abiotic stresses [36, 45]. Plant leaves are sensitive to different abiotic stress
conditions and fluctuate their photosynthetic rates through photosystems [46]. In the current study,
different drought stress levels significantly decreased chlorophyll fluorescence. Under different drought
stress levels, Fo increased significantly, while Fm decreased with different drought stress levels. Fo is a
powerful component under different abiotic stresses, and our study showed that drought stress levels
exchange light energy by inhibiting the potential active centre [47]. gP emulates and increases plant Fo
and decreases Fm or the Fv/Fm ratio.

Under different drought stress conditions, gP and qN decreased in Ae. tauschii. PS Il is an essential
component of gP, and gN secures the plant protection system under different abiotic stresses, including
drought [48]. Drought stress significantly decreases and damages PS Il and reduces the thrashing of heat
extravagance potential of plants [49]. Our results displayed that the long-term unavailability of water may
affect the photosynthesis process in Ae. tauschii, which partially or completely suppressed the qP
activity. Moreover, drought and other abiotic stresses also affect large-scale chlorophyll fluorescence in
Beta vulgaris, Coronnilla varia, P mongolica and L. ruthenicum [50, 51]. Drought stress can destroy plant
cell membrane systems [52], and many studies have shown that CAT, POD, MDA, and free proline
accumulate in plants under drought stress to maintain the dynamic balance of the antioxidant system
[53, 54]. To avoid or alleviate cell damage caused by ROS, plants stimulate their antioxidant enzyme
systems, which are closely related to plant stress resistance [55]. CAT can prevent cell membrane
damage, POD can remove excessive reactive oxygen species, MDA is the final product of lipid
peroxidation in plants, and the accumulation capacity of free proline represents the drought resistance of
plants [54, 56—58]. It combines and cross-links with proteins on the cell membrane to destroy the
structure and function of the biofilm, and its content can represent the degree of cell membrane damage
[59].

The results of the present study show that Ae. tauschii significantly increased CAT, proline, and MDA
contents in their leaves under drought conditions, and no significant changes were observed for POD
content. The content of CAT, proline, and MDA in Ae. tauschiileaves were positively correlated with
drought severity during natural drought. These results suggested that, Ae. tauschii reduced its oxidative
damage caused by the increased concentration of free proline content and regulated the activity of
antioxidant enzymes under various drought stress levels. After physiological and biochemical analysis,
we exposed eight populations of Ae tauschii for drought resistance gene analysis. The DREB gene can be
considered an important regulator in drought stress tolerance network in many plants, including wheat
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and Arabidopsis [13, 46] and helpful in the adaptation of wheat under various drought stress
environments [60]. On the basis of some previous findings on Ae. tauschii[28, 30, 36], and in current
study, we used 8 different populations for gene expression analysis for various physiological and
biochemical attributes. We selected the DREB gene to explore the expression profile under drought stress
conditions [61]. DREBs a, transcription factor modulates different abiotic stress, including drought stress
[62]. In different plant species, DREBs expression profiles were investigated at an extensive rate [63].
However, few plant species displayed variation in their expression profile [23], and it’s linked with
chlorophyll, proline content, and sugar content of different plants [64]. In the current study, the expression
profile in Ae. tauschii showed a high fold compared to the control condition, which shows changes in
their link with different physiological and biochemical attributes [65]. Our experiments showed that higher
expression of DREBs resulted owing to complex process of gene transcription. This DREB gene can act as
a point of interaction or involve several pathways to regulate drought stress condition and can be a
valuable resource to utilize in future studies as well.
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Figure 1

Effect of different drought stress levels on leaf area (m?) of Ae. tauschii. (Wheres D;= 15-25%, D,= 45-
55% and D4= 75-85%).
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Effect of different drought stress level on different photosynthesis parameters.
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Effects of different drought stress levels on peroxidase (A),

(D) in Ae. tauschii.
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Figure 4

Relative expression levels of DREB in Ae. tauschii populations under different drought stress conditions
(75 g L' PEG-6000). Actin was used as an internal reference. Experiments were repeated three times.
Values are means, and bars indicate standard deviation (S.D.).
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