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Figure 1. Triple response (morphological changes including short and thick roots, short
hypocotyls and rotation hypocotyls top in a nutrient medium containing ACC) in Arabidopsis:
wild type (Ler-0) seedlings responses to MS medium containing ACC (a) and no ethylene (b).
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Figure 2. The phenotype of wild type and mutant seedlings in presence of ethylene gas and its absence. 24-
old- day seedlings of wild type seedlings Ler-0 (A) and old14 (B) in normal conditions. 24-o0ld- day
seedlings treated with ethylene gas for 3 days including genotypes Ler-0 (C), old 14 (D) old 9 (E) (Jing et
al., 2005). 24-old- day seedlings mutant seedlings old3 (G) Compared with the wild type seedlings Ler-0 (F)
Under normal conditions._scale_is 5 mm (Shirzadian-Khorramabad et al ,. 2010)
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Table 1. Variance analysis of data obtained from the measurement of root length and hypocotyl length in
wild type Ler-0 and its mutants in response to different concentrations of ACC.
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Table 2. Variance analysis of data obtained from the measurement of root length and hypocotyl length in
wild type Col-0 and its mutants in response to different concentrations of ACC.
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Figure 3. Aaverage comparison of the root length between mutant genotypes etrl-3, old3, old9,
old14 and wild type Ler-0 in response to different concentrations ACC (B) Aaverage comparison
of the root length mutant genotypes e#r3, ko-5 and wild type genotypes Col-0 in response to
different concentrations of ACC
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Figure 4. Aaverage comparison of the hypocotyl length in mutant genotypes etr1-3, old3, old9, old14 and
wild type genotypes Ler-0 in response to different concentrations ACC_(B) Aaverage comparison of
hypocotyl length mutant genotypes e#r3, ko-5 and wild type genotypes Col-0 in response to different

concentrations of ACC
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Table 3. Assessment of presence or absence of the Triple Response phenotype in mutant and wild type
seedlings Col/-0 and Ler-0 in response to different concentrations of ACC after 5 days of darkness, repeat
for each observation 3.
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Col-0 v v v
Ko-5 v v v
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v (presence) and * (absence) (3923 pac) © g(0g29) ¥

\Al

2SS e Sl LSl jgasl etr]-3 cilige o
by O 232 g azaty) g SIS ab sk
plad pizmen (Y Jgaz) wis oays cilige oyl o
ACC Galize slacdale ;o 50k g Cilige sl uisis
S U5 Job 5 ada) Job cdo 93 2 0
2 o etr]-3 Cilige oS o sl oo ol glas
Solae Sglay w8l ACC alizee slacdale (o s 4o
(FJsoz) il oo



VWA Jpgs 0,led fages Jlo [ ) iy il 5 pole o Gy SBilise STy sy s

099y 4 ACC iz glacdilé 50 (550l 9 Cilign euish) 0 JuigSgmd 9 aduy Job (illg 4525 -F Jgu

SBI
Table 4. Variance analysis of root length and hypocotyl data in mutant and wild type genotypes ACC in
different concentrations by the cutting method

Sl o (155l Mean squares

gy wollars o, Jsb J55S 90 Jolbo
Genotyp df Radicle length ~ Hypocotyl length
Ler-0 3 8.304%** 10.275%*

old3 3 2172 * 3.326%*

old9 3 8.993%* 6.169%*

old14 3 2.507 * 2.130%*

Col-0 3 8.251%** 15.966**

Ko-5 3 0.073 ns 0.1250s

etrl-3 3 9.425 ** 11.289%*

SO S0 e NS Qo )0 SO w5 510 So it Qo )0 g b j0 510 S

* Significant at the five percent level ** significant at the one percent level n.s non-significant

Job g ay Jsb & ACC w36 o yo Wiy 5 Cilige sloaisi§ 53 JisSsmd Jsb & by Job Conns -0 Jgi
10 pM ACC Gl buzmo jo azals (ol 40 i o5 gud

Table 5. The ratio of root and hypocotyl length in mutant and wild type seedlings in absence of ACC to
root length and hypocotyl length in these seedlings in presence of 10 pyM ACC

55 J555en Jsb ata; Job
Genotype Hypocotyl length Root length
(OuM ACC) (10uM ACC) Ratio (0uM ACC) (10uM ACC) Ratio*
Ler-0 6.351+£0.123 2.61+ 0.271 2.43 6.185 +0.54 2.186 + 0.065 2.86
old3 5.770 £ 0.851 2.047+ 0.422 2.81 4.581 +0.61 1.37+0.11 3.34
old9 6.89 £ 0.494 3.180+£0.131 2.16 6.061 +0.46 2.154£0.26 2.81
old14 4.082 +1.029 2.046 = 0.40 1.99 3.065 +0.47 1.338 £0.18 2.31
Col-0 6.86 £ 0.351 346+ 0.272 1.98 6.374+0.81 1.53 £0.155 4.16
etrl-3 7.023 +£0.36 346+ 0.272 0.97 822 + 0.36 8.61+ 0.44 0.90
ko-5 3.457 £0.400 1.44 £ 0.141 2.40 3.39+0.45 1.06 +0.03 3.198

b el 10pM ACC &3 0pM ACC 3 55 9und Job 9 ol aiy Jab oIl cumd wlul 5 Ratio s

* Ratio based on the length of the main root and hypocotyl length was calculated in 0OpM ACC to 10pM
ACC.
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Abstract

Ethylene is involved in many developmental and processes including plant senescence. Senescence
is the final step of plant development resulting in death of plants. 1-aminocyclopropane 1-carboxylic
acid) ACC) is produced in the last step of the ethylene biosynthesis. The Morphological characteristics
of treated plants by ACC induce a phenotype called triple response including root and hypocotyl
shortness and thickness. The occurrence of these symptoms indicates that plant system sense ethylene
and its biosynthesis is activate. In this project, we examined the response of the wild type seedlings
Ler-0, Col-0 and several mutants including old-3, old-9, old-14, etri-3 and ko-5 to various
concentration of ACC in Arabidopsis thaliana following evaluation of triple response characteristics.
OLD genes in Arabidopsis are known as senescence involved genes. According to the obtained results,
it shown that with increasing ACC concentrations, the triple response has been detected in most
mutants, while in mutant e#r/-3 none of those responses were observed meaning that efr/-3 is not able
to sense and signal ethylene. These results suggest that change in OLD9, OLD3 and OLD14 function
doesn't cause any significant impact on ethylene biosynthesis and signaling, while change in gene
activity ETR in Arabidopsis led to the loss of the triple response in etr-3 plants. Thus, the genes
controlling ethylene biosynthesis is different from genes regulating plant senescence.
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