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Extended abstract

Introduction

Wheat (Triticum aestivum L.) is one of the most important grains used in the world and its production
is reduced in different regions due to drought stress. the plant antioxidant system can scavenge the
reactive oxygen species (ROS) produced under drought. Induction of mutation using gamma ray is one
of the common methods for genetic modification and identification of tolerant and resistant mutants.
Mutant T65-58-8 is one of these drought tolerant genotypes that has been obtained by irradiation to
Tabasi wheat genotype. The wheat plant needs irrigation during the flowering stage and drought stress
is very important in this stage. In this study, in the flowering stage, the enzymes superoxide dismutase
(SOD), catalase (CAT), glutathione reductase (GR) and glutathione peroxidase (GPX) involved in the
mechanisms of tolerance to oxidative damage of ROS in the flag leaf were studied and the expression of
the genes related to these enzymes was investigated using RNAseq. method.

Materials and methods

Drought stress was applied based on field capacity (FC). The experiment was performed as a factorial
experiment in a completely randomized design with three replications. Factors studied in this
experiment include genotype at two levels (Tabasi parent and Mutant T65-58-8) and drought stress at
5 levels (100% FC or control, 75%, 22%, re-sampling from control pots at 18% FC and sampling after re-
irrigation to the pot when had 90% FC). Wheat growth stages can be studied by Zadoks index. SOD
activity was measured by Minami and Yoshikawa method, CAT activity by Aebi method, GR activity by
Foyer and Halliwell method and GPX activity by Hopkins and Tudhope method. RNA sequencing was
performed using Illumina NovaSeq 6000. Gene expression was obtained based on sequencing data by
Bowtie2, Tophat2, HTseq-count and Featurecount softwares. After normalization by generating FPKM,
Log2FC gene expression was calculated.

Results and discussion

Examination of superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR) and
glutathione peroxidase (GPX) indices showed a significant difference (p<0.01). Comparisons showed
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that SOD and CAT activity was higher in the mutant genotype at all stress levels. In the Tabasi genotype,
re-irrigation increased the activity of SOD and CAT enzymes compared to the activity of this enzyme in
field capacity 18%. In the study of GR and GPX enzymes, it was found that in both genotypes, the activity
of this enzymes ancreases with increasing drought stress. In the Tabasi genotype, irrigation reduced the
activity of GR enzyme and in the Tabasi and mutant genotypes, re-irrigation did not reduce the activity
of GPX enzyme. Examination of GPX activity showed that this enzyme has a constant activity in mutant
genotype under drought stress conditions. Examination of 21 genes related to SOD enzymes showed that
six genes named FSD3(1), CSD1(2), FSD2(2) and CCS(1) mutant genotype had significant expression
changes in drought stress conditions compared to the control. 6 catalase-related CAT1(3) and CAT2(3)
genes from 14 genes related to CAT also had a significant increase in mutant genotype under drought
stress compared to the control. One CAT1 gene and two CAT2 genes in mutant genotype had more
expression in drought conditions than Tabasi genotype. 7 genes called CSA associated with GPX from
16 genes related to GPX also had a significant increase in mutant genotype under drought stress
compared to the control. H.O., KCN, chloroform-ethanol, sodium azide (NaN3), metal ions,
carbohydrates, polyethylene glycol affect the activity of SOD. NaNs, amines, potassium cyanide and
salicylic acid affect the activity of CAT. Gold, vitamin-E and selenium can also affect GPX activity.

Conclusion

The study shows that the activity of SOD, CAT and GPX enzymes in both genotypes has increased under
drought stress conditions. However, comparison of the expression of known genes related to these three
enzymes shows that only some of these known genes have been altered. One FSD3 gene, two CSD1 genes,
two FSD2 genes and one CCS gene had significant expression changes in the mutant genotype under
drought stress compared to the control. This could be considered as confirmation of the increase in
superoxide dismutase activity in the mutant genotype under drought stress, but the difference in
expression of these 6 genes in the mutant genotype under drought stress compared to the Tabasi
genotype under drought stress was not significant. This indicates that other factors in the mutant
genotype under drought stress have increased the activity of SOD enzyme or limited the production or
activity of this enzyme in the Tabasi genotype under drought stress. from the 6 altered genes expressed
in the mutant genotype under drought stress compared to the control, one gene called CAT1 and two
genes called CAT2 in the mutant genotype under drought stress showed more expression than the Tabasi
genotype under drought stress. These genes can be introduced as genes involved in more tolerance of
mutant genotype to drought stress than Tabasi genotype under drought stress. 7 genes called CSA had a
significant change in expression in the mutant genotype under drought stress compared to the control,
but these genes were not significantly different in the mutant genotype compared to the Tabasi under
drought stress. Comparison of glutathione reductase enzyme in mutant and Tabasi genotypes in drought
condition showed that the activity of this enzyme in the two genotypes was not significantly different.
The activity of SOD, CAT and GPX enzymes can be inhibited or intensified by chemical agents and
compounds.
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Table 2. Analysis of variance (Mean of square) of the effect of genotype and drought stress on
biochemical parameters such as superoxide dismutase (SOD), catalase (CAT), glutathione reductase

(GR) and glutathione peroxidase (GPX) in wheat.

sol5T as 40
Source Bl Df SOD CAT GR GPX
Genotype (G) owepey 2.32™ 1.06™ 0.01™ 0.31™
Drought Stress (D) P WE A 1.55™ 2.14™ 0.7 0.17*
GxD IR SESAL S S P 0.07" 0.1" 0.11" 0.09™
Error Lo 18 0.01 0.01 0.01 0.01
C.V. (%) Ol s g i 24.1 18.6 26.7 25.3

SIS sire M 5925 pie g o )0 ) o )0 O Jloi| mhaws 40 o e i 4™
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¢

# %% and ns are significant at the 5%, 1% and non-significance levels, respectively.

9 457 [ Tabasi sub Jls [ Mutant 66-58-8 A-dA-55 cilige
C o~ 4.0
3z 35
17,‘ ',s-b . -1
T3 3.0
1=
Rz 251
j 220
8 1.5 -
ie)
i g 1.0 -
H2 95
0.0

Control 75% FC

=13 byl ol S cugb,

22% FC Rewater to 30%

FC (90% FC)

Second smaple
from Control
(18% FC)

Soil moisture based on Feild Capacity
OMQC’L&J ‘Lb‘_”.u.o J.?,S A_és): u_agLA) .T66-58-8 wb,.o 9 Gm.a.b ..\."5 ,a..\.'af ceigiy 9o y0SOD &./.Jla.e )Aﬁ.ﬁ &_").u.n Xgy ) JL'»

ol 300 ) w0 410 Sxe SIS D92 g

Fig. 1. The trend of changes in the amount of SOD activity in two Tabasi wheat genotypes, parent and T66-58-8 mutant.
The difference between the lower case letters of the columns indicates a significant difference at the level of 1%.
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Fig 2. The trend of changes in the amount of CAT activity in two Tabasi wheat genotypes, parent and T66-58-8 mutant.
The difference between the lower case letters of the columns indicates a significant difference at the level of 1%.
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Fig. 3. The trend of changes in the amount of GR activity in two Tabasi wheat genotypes, parent and T66-58-8 mutant.
The difference between the lower case letters of the columns indicates a significant difference at the level of 1%.
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Fig. 4. The trend of changes in the amount of GPX activity in two Tabasi wheat genotypes, parent and T66-58-8 mutant.
The difference between the lower case letters of the columns indicates a significant difference at the level of 1%.
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Fig. 5. Expression of SOD-related genes based on EnsemblPlants and UniProt database data in FPKM.
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Table 3. Genes and proteins related with Superoxide Dismutase in wheat (7riticum aestivum) based on EnsemblPlants
and UniProt databases.

SOD b s yo sl y3 et

Log2FC Log2FC

~ . . e RCSRT . Lo .
% M22%.- M22%- o) [E3) awlil (S5 Pl‘ &°9,9 Pl‘ O™ 90 FL’
M100% T22% EnsemblPlants KnetMiner UniProt UniProt
1 - - TraesCS2D02G538300 MSDI Q96185 Superoxide dismutase
2 - - TraesCS2A02G537100 MSDI P93606 Superoxide dismutase
3 - - TraesCS2B02G567600 MSDI AO0A3B6CFS9 Superoxide dismutase
4 -1.62™ ns TraesCS7A02G090400 FSD3 AO0A3B6RCP4 Superoxide dismutase
5 - - TraesCS7D02G086400 FSD3 AO0A3B6T976 Superoxide dismutase
A0A3B6JLO4 Superoxide dismutase
6 TraesCS4D02G242800 CSD3 AOA3B6JLK6  Superoxide dismutase[Cu-Zn]
7 1.49™ ns TraesCS2D02G123300 CSD1 HONAV6 Superoxide dismutase[Cu-Zn]
8 - - TraesCS7A02G292100 CSD2 AOA3B6RFK1  Superoxide dismutase[Cu-Zn]
9 - - TraesCS7B02G197300 CSD2 Q96123 Superoxide dismutase[Cu-Zn]
AOA0G2YAJ8  Superoxide dismutase[Cu-Zn]
10 TraesCS4B02G243200 CSD3 AO0A3B6IVD1 Superoxide dismutase
AO0A3B6HPG6 Superoxide dismutase
1 TraesCS4A02G065800 CSD3 AOA3B6HT65  Superoxide dismutase[Cu-Zn]
B B AO0A3B6TK25  Superoxide dismutase[Cu-Zn]
12 TraesCS7D02G290700 CSb2 024400 Superoxide dismutase[Cu-Zn]
. AOA3B6ASAS  Superoxide dismutase[Cu-Zn]
13 134 ns TraesCS2A02G121200 csp1 AOA3B6ASV9  Superoxide dismutase[Cu-Zn]
14 274" ns TraesCS4A02G434000 FSD2 A0A3B61247 Superoxide dismutase
15 -1.25" ns TraesCS7D02G043000 FSD2 AOA3B6T868 Superoxide dismutase
16 - - TraesCS7A02G048600 FSD2 AOA3B6R832 Superoxide dismutase
17 - - TraesCS4A02G390300 FSD3 AO0A3BG6IOAL Superoxide dismutase
18 - - TraesCS2B02G417000 CcCS AOA3B6CAQS5  HMA domain-containing protein
Genome assembly, chromosome:
19 0.97" ns TraesCS2D02G396500 CcCS AOAID6DFT2 II
AOA3B6DHS2  HMA domain-containing protein
20 - - TraesCS2A02G399000 CcCS AO0A3B6B295 HMA domain-containing protein
21 - - TraesCSU02G088800 GER4 AOA3B6UAQ9 Germin-like protein
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Fig. 6. Expression of CAT-related genes based on EnsemblPlants and UniProt database data in FPKM.
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Table 4. Genes and proteins related with Catalase in wheat Triticum aestivum) based on EnsemblPlants and UniProt
databases.

CAT L b po gl ol

Log2FC  Log2FC

Gy, M22%- M22%- D) o) awld o) |°l" $°9,9 Pb Oa 9y |°L’
M100% T22% EnsemblPlants KnetMiner UniProt UniProt
1 0.92* ns TraesCS5A02G498000 CATI AOA3B6KQP3 Catalase
2 - - TraesCS4B02G325800 CATI AO0A3B6IUU1 Catalase
. AO0A3B6JMXO0 Catalase
3 1 ns TraesCS4D02G322700 CATI AOA3B6IQL2 Catalase
AOAOH4LXIO Catalase
4 - - TraesCS7A02G549800 CATI AOA3B6RQO9 Catalase
2.1 1.6™ TraesCSU02G105300 CATI AO0A3B6U183 Catalase
- - TraesCS7B02G473400 CATI AOA3B6SLN2 Catalase
* o AOA3B6NJS8 Catalase
7 576 197 TraesCS6A02G041700  cyry o soe Catalone
A0A3B6QIM?2 Catalase
8 3.92™ ns TraesCS6D02G048300 CAT2 AOA3B6QCBO Catalase
F1DKC1 Catalase
9 - - TraesCS7A02G549900 CATI AOA3BGRpgs ~ Catalase domain-
containing protein
** o AOA3B6PES7 Catalase
10 5.36 1.7 TraesCS6B02G056800 CAT2 AOA3B6PHD6 Catalase
1 - - TraesCS6B02G330700  PLATI AOA3B6PQTS U“"}I‘Jiro"‘t‘;tiflmed
12 - - TraesCS2D02G333600  4CLL9  AOAIDSUJHS ~ Ocnome assembly,
chromosome: II
13 - - TraesCS2B02G353100  4CLL9  AOA3B6CAX6 Uncﬁff‘giinzed
Uncharacterized
14 - - TraesCS2A02G329200 4,9 AOA3B6AZUS orotein
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Table 5. Genes and proteins related with Glutathione Peroxidase in wheat (Triticum aestivum) based on EnsemblPlants
and UniProt databases.

GPX L ki o slagyj ol

Log2FC  Log2FC

uﬁ.g.é) M22%- M22%- ab) O3 Al O3 I°b $99)9 I°b (S Pb
M100% T22% EnsemblPlants KnetMiner UniProt UniProt

AOA3B6REL4 Glutathione peroxidase
1 ) ) TraesCS7A02G150500 GPXI AO0A3B6REQS8 Glutathione peroxidase
2 - - TraesCS4B02G152800 GPX4 AOA3B6IRXS Glutathione peroxidase
3 - - TraesCS4D02G162000 GPX4 T1WSS4 Glutathione peroxidase
4 - - TraesCS7B02G054400 GPXI1 AOA3B6SEF4 Glutathione peroxidase
5 - - TraesCS7D02G152400 GPXI AO0A3B6TMY%4 Glutathione peroxidase
6 - - TraesCS4A02G142000 GPX4 AOA3B6HVA3 Glutathione peroxidase
7 1" ns TraesCS6B02G278100 CSA4 AO0A3B6PLT1 Glutathione peroxidase
8 1.94™ ns TraesCS6A02G246400 CS4 AOA3B6NSG2 Glutathione peroxidase
9 1 ns TraesCS2D02G598000 CSA A0A3B6DQ0O0 Glutathione peroxidase
10 0.79" ns TraesCS2B02G604800 CS4 AO0A3B6CHO04 Glutathione peroxidase
11 0.82" ns TraesCS2B02G429100 CSA4 A0A3B6CB61 Glutathione peroxidase
12 - - TraesCS2A02G582100 CS4 TIWTg4 Glutathione peroxidase
13 1.49* ns TraesCS2D02G407700 CSA AOAID5SUGB6 Glutathione peroxidase
14 1.24" ns TraesCS6D02G228800 CS4 A0A3B6QI62 Glutathione peroxidase
15 - - TraesCS6A02G087500 - AO0A3B6NIG4 Uncharacterized protein
16 - - TraesCSU02G019100 - A0A3B6U390 Uncharacterized protein
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