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Figure 1. The performance of art-1 (A) and wild type (B) genotypes under 60" (b & b") and 90" (¢ ‘& ¢)
45°C heat stress in Arabidopsis thaliana seedlings
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Table 1. Variance analysis of different traits in Arabidopsis thaliana seedlings under heat stress
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Heat (H) L5 2 1559.29%* 4.29**  0.000004** 1598537.98 **  76.21**  0.00043** 0.00008**  1.53** 0.28** e
GxH 4 559.25** 1.01** 0.000001**  527963.82** 22.8* 0.00012**  0.00003** 1.41** 0.18** b
Error isle;l ol 18 29.62 0.0680 0.00000001 36187.99 4.35 0.000003  0.000001 0.024 0.001314 v
CV(%) & jis o 6.38 5 43 8.5 8.52 5.01 0.82 9.7 3.92 o
LM)\)
S s 8 NS oy ) v jo o Jire e

*: Significant at the 5% level, **: significant at the 1% level, ns:

M

not significant
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Table 2. Means comparison of heat stress duration and genotype on germination and seedling properties
of Arabidopsis thaliana

b asle azelS b azel T s by azelS Sas

LS 5 Gialsz aops (Gialsr Caepm

G595 Heat st Germinati Germinati ol s o, Seedling length  Seedling wet  Seedling dry
eat stress Germination Germination ¢ ¢ ¢ mm weiaht (ar r) weight
GenotyPe " juration  percentage (%) rate (Seed/day) Seeding (mm) ght(@n) (@) weig
vigor index
WT 100c 8.83d 3300.73e 33e 0.0403d 0.00323d
art-1 0 min 100c 8.83d 3122.90e 32.4de 0.0406d 0.00320d
art-2
100c ad 3290.91e 32.9de 0.0413d 0.00325d
WT 73b 3.05b 1670c 22.77c 0.0263b 0.00205b
art-1 60 min 96.66¢ 4.5¢ 2938.24ed 29.37d 0.0380c 0.00306¢
art-2
96.66¢ 4.49c 2849.05d 29.5de 0.0386¢cd 0.00300c
WT 36.66a 1.38a 285.14a 7.64a 0.0150a 0.00020a
art-1 90 min 80b 3.33b 1291.18b 16.12b 0.0340c 0.00242c
art-2 73.33b 3.49b 1389.66bc 16.69b 0.0359c 0.0026¢

il e s yd gty Lot s ;0 LSD 5031 L Slo sine (8Dl w3l aiia S fie B> glyls a5 slao Sile
Means in each factor followed by similar letter(s) are not significantly different at a=5% using LSD test.

4zl o bowdgn Olwogas p cuisi) g (2l W Jlesl ploj o) Hlowd Jilio J1 (uSSleo dunslio =Y Jgazr
Arabidopsis thaliana s
Table 3. Means comparison of heat stress durations and Genotypes on biochemical features of Arabidopsis

thaliana
olej e SYBLS o350 ; :
s ST S oo sl )Catalr;g allgsgglle ml
Ge?n"ot e o Total protein (U/m Malondialdehyde
P Heat stress  mg/Gfw) content 19 (nM/gfw)
duration (h) protein)
WT 0.1581c 0.252a 0.389a
art-1 Control 0.1584c 0.255a 0.430a
art-2
0.1576¢ 0.258a 0.322a
WT 0.1713d 0.361b 0.903c
art-1 3h 0.1739d 0.493c 0.645ab
art-2
0.1734d 0.487c 0.473ab
WT 0.1230a 1.542d 4.731f
art-1 6h 0.1364b 2.282e 2.494d
art-2 0.1257a 2.384f 4.30e

bl oo doys gty Jloil gl ;0 LSD (ee3T b jlo sime S 08l wiin S pido B> gl a5 ola i Silee
Means in each factor followed by similar letter(s) are not significantly different at o=5% using LSD test

azalS asy sl bli,)l & ge5 al>ye Job ;0 SHSP o0 8 s>
o o gre LBl (Sl il ls 4 b ey 4y 10 09250 G SHSP 5l )& g6l b coniine
Sl o 50 aSgis g ugamdis a0 O SLo S O Hokw JLSlo 5 5 lagniisy 5l cbli> o cul

(Koo et al., 2015) uS o o2l

AY



VO-ANNE+ Vo olads [t Jlo [ ) sy liioss g psle

i Ssls 508 Sleogas Sen

== COL-0 art-1 e art-2
— 140
S
) %120 I
. S 100 é
- T _
:9; é 80
% = 60
g = 40
~ Cc
~ g 20
$ o
anls 60 90

(485) s oyloy Sow
Time (min)
95 ;o Arabidopsis thaliana jgis &jailas duo 30 » wemmdw 42,0 FO 1o gbo )8 i loy wae Jili Y JSCi
2l olS b aslio yoart-2 gart-1 oyl Jiowo o 933

Figure 2. The effect of heat stress (45°C) on the germination percentage of two independent transgenic
lines (art-1 & art-2) and wild type
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Figure 3. The effect of heat stress (45°C) on the seedling fresh weight of two independent transgenic lines
(art-1 & art-2) and wild type
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s,Skee (Hofmann, 2009; Saidi et al., 2011)
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(Bassel, 2016
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Figure 4. The effect of heat stress (45°C) on the seedling dry weight of two independent transgenic lines
(art-1 & art-2) and wild type
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Abstract

High temperatures causes serious damage to plants, including disruption of cell hemostasis, slowness
or stagnation of growth and development, and even death. When plants are exposed to high
temperatures, heat shock proteins (HSP) are induced in the cell. Among HSPs are Small heat shock
proteins (SHSP), which act as chaperones. They bind to proteins that have been exposed to heat stress
and prevent them from incorrectly folding. The Artemin protein isolated from Artemia urmiana has a
a-crystallin domain, which is characteristic of SHSP. In order to characterize the functional genomic
roles of the protein in plants, artemin gene was transferred to Arabidopsis. A statistical analysis using
the factorial design method was performed including two independent transgenic genotypes (art-1 and
art-2) along with a wild genotype Col-0 under heat stress at 45°C. Results showed that the interaction
between heat stress factors and genotypes was significant at the 1% level for most traits including
germination, seedling wet and dry weight, seedling length, total protein content, catalase enzyme
activity, and malondialdehyde content. All the components of germination were adversely affected by
the application of heat stress. However, the transgenics still had a significantly higher seed germination
and plant growth than the wild-type plants. As a result of heat stress, transgenic plants had significantly
higher catalase enzyme activity and total protein content, and lower malondialdehyde levels compared
with wild type plants. The results indicated that Artemin transgen in plants may cause significantly
higher plant resistance to heat stress and increase plant yield.
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