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Table 1. Details of designed primers using Oligo7 software

STt b ole (5-3) JI5s (°C) w3 sles GCus,s
Primer Accession Sequence (5'-3") Temperature GC
name number melting (°C) percentage
) Forward CACGAAGCGACATACAATTCCATC 61 46
Actin XM_020303314  poverse  GCTCATGCGATCAGCAATTCCAG 61 52
Forward CTGCATTCCACACATCATCC 57 50
BRI1 DQESSTIL  Reverse CCATGCCAAAATCTGAGACC 57 50
Forward ACAACAACGAGGTGCTCAAG 57 50
BES1 INA00739 poverse TGTATCCCTTGCGGTAGGTG 57 55
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Table 2. Analysis of variance for traits in wheat genotypes under control, drought stress and applied epi-
brassinolide under control and drought stress conditions.
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Sl i lee o sl >,.5»Lw JSTJﬁJK NETSPETN) Cj?l;”lf
oV “5D ";‘ G(Egn z:ezl)d chiorophyll 'V;fa”gﬂ’;';‘;‘e (m%frgig?:fng
S 5k (Block) 2 0.001" 0.00000026" 49.65" 0.17*
! sles (Water treatment (W)) 1 22.59" 0.00066127**  7555.01"* 105.14*
a oLzx! (Error a) 2 0.013 0.00000214 2.75 0.0004
O30, 35 (Hormone (H)) 3 0.18™ 0.00010719**  2943.97" 14.47**
03058 % 21 slad (HX W) 3 0.045" 0.00000844" 109.63" 2.50"
b oLzl (Error b) 12 0.01 0.00000210 16.39 0.045
- 5 (Genotype (G)) 6 0.33" 0.00003310*  1709.91" 27.63™
G555 2l les W x G) 6 014" 0.00005240 " 233.45™ 15.98"
S #3x 08 (Hx G) 18 0.009" 0.00000719** 157.93** 0.57*
CSpsx g x ol s WxHxG) 18 0.016 ™ 0.00000230" 75.11" 0.15™
¢ oLzl (Error ¢) 96 0.005 0.00000143 39.20 0.104

* *ns

Loz ) 50 JL,;;-!CEM);JIJJ:M‘)\:@M”&%JJ@:* 5 <
s *and ™" Non-significant, significant at 5% and 1% probability levels, respectively
Sl Skl w5 sl I s S sdalie (L (L 5 SVB) b 53 sl (Bo™> Ep> Ba) paey o allast 03 55,55 IS T
pleal pl ol LAES s e kS e 33 cnl GVBIS (sl L e B 5 Bp glallar 5l 50 C s L 1SS 5B s b S folase
Jsdor 53 lr & j ot 45 A3 s me B sSU L 1SS i elie g Il o gl Lol sl slal LB ab s o slallex L Laof (poOOIING)

Al o5l bl 4
T The experimental error ¢ (Ec) was larger than Eb and also both of them were larger than Ea (Ec > Eb > Ea) for
the two traits (catalase and membrane stability). To solve this problem, the interaction of replication with factor
B and replication with factor C were separated from Eb and Ec errors, respectively. For Catalase, these two
sources were not significant, so their pooling with relevant errors truly correct; but for the stability of the
membrane, the interaction between replication and factor B was significant, so, it was considered separately in
the variance analysis table.
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Figure 1. Effect of genotypes, water and hormone treatments’ interaction on catalase (simillar letters indicated
non-significant differences (P < 0.05)).
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Table 3. Analysis of variance for membrane stability trait in wheat genotypes under control, drought stress and
applied epi- brassinolide under control and drought stress conditions.
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< 55 (Genotype (G)) 6 1709.91
55 % ol sl W x G) 6 233.45™
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and ™: Significant at 5% and 1% probability levels, respectively
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"The experimental error ¢ (Ec) larger than Eb and also both of them were larger than Ea (Ec > Eb > Ea) for
membrane stability. To solve this problem, the interaction of replication with factor B and replication with factor
C were separated from Eb and Ec errors, respectively. The interaction between replication and factor B was
significant, which had to be included separately in the variance analysis table.
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Figure 2. Effect of genotypes, water and hormone treatments’ interaction on membrane stability (simillar letters
indicated non-significant differences (P < 0.05)).
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Figure 3. Effect of genotypes, water and hormone treatments’ interaction on chlorophyll content (simillar letters
indicated non-significant differences (P < 0.05)).
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Figure 4. Effect of genotypes, water and hormone treatments’ interaction on yield (simillar letters indicated non-
significant differences (P < 0.05)).
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Table 4. Variance analyses of relative gene expression in wheat genotypes under control condition, drought
stress, and applied epi-brassinolide in control and drought conditions.
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Figure 5. Relative gene expression of brassinosteroid hormone signaling genes (TaBRI1 and TaBES1) under
drought stress and applied brassinolide in wheat. C: control; C+H: control plus hormone; S: drought stress; S+H:
drought plus hormone (simillar letters indicated non-significant differences (P < 0.01)).
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Abstract

To investigate the effect of exogenous brassinosteroid application on grain yield, catalase, chlorophyll
content, membrane mtability index and gene expression of some genes involving in brassinosteroid
signaling pathway (BES1 and BRI1) under drought stress, a split-split plot on randomized complete
block design with three replications was conducted at the experimental field of Seed and Plant
Improvement Institute, Karaj, Iran in 2019. The main factor was two irrigation treatments (normal
irrigation and water holding after 50% flowering stage), the subplots were four concentrations of
brassinosteroid (0, 0.25, 0.625 and 1 mg/l) and seven genotypes (Mehregan, Paris, 2858, 3505, 3737,
4228 and 4056) were considered as sub-sub plots. Samples were taken at 30 days after 50% flowering
stage (zadoks 89) from flag leaves. The results showed that drought stress significantly reduced grain
yield, chlorophyll content, membrane stability index and increased catalase in all genotypes. Genotype
4228 was identified as the most tolerant genotype among unknown wheat genotypes based on grian
yield, chlorophyll content, membrane stability index and catalase. Also, the result revealed that
applied epibrassinolide could reduce the destructive effects of drought stress on wheat thus grain yield
was enhanced under drought stress in all genotypes by increasing the aforementioned traits.
Forethermore, grain yield was increased by rising the epibrasinolide concentration. Gene expression
pattern of TaBES1 and TaBRI1 using real-time PCR showed that although brassinosteroid enhances
drought tolerance in wheat but its signaling pathway is different from the BRI1 signaling pathway.
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