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Abstract
Objective

The current study was undertaken to investigate if there is a relationship between metabolism of
ethylene and heavy polyamines (PAs) under cold stress in cold-tolerant and cold-sensitive

chickpea (Cicer arietinum L.) genotypes.

Materials and methods

In this research, content of ethylene, heavy polyamines (spermidine (Spd) and spermine (Spm)),
activities of PAs degradation pathway enzymes (polyamine oxidase (PAO) and diamine oxidase
(DAO)), hydrogen peroxide (H20>) and relative expression of 1-aminocyclopropane-1-carboxylic
acid synthase (ACS) and 1-aminocyclopropane 1-carboxylic acid oxidase (ACO) genes in cold-
tolerant (Sel 96th11439) and cold-sensitive (ILC 533) chickpea (Cicer arietinum L.) genotypes
during the first and sixth days of cold stress at 4 °C compared to control condition as a factorial

experiment in a Completely Randomized Design were investigated.
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Results

During cold stress, both genotypes showed a significant increase in Spd and Spm content (66.66
and 96.23%). Ethylene production was declined in cold-sensitive genotype under cold stress
compared to control conditions (up to 26.08%) while in the cold-tolerant genotype, the unique
ethylene peak in early response (on the first day of stress) comared to control conditions (15.62%)
was closely related to increased heavy polyamine accumulation. In the tolerant genotype, the
increase in polyamine oxidase (PAO) and diamine oxidase (DAO) activity in early responses, (By
2.6- and 3.01-fold, respectively) was related to the increase in ethylene biosynthesis, as well as a
concomitant increase in heavy polyamine (Spd & Spm) content by cold stress. In the tolerant
genotype, the relative expression of ACS and ACO genes, after a significant increase on the first
day of cold stress (5.2- and 4.03-fold, respectively), showed a significant decrease on the sixth
day of the stress compared to the control plants, while a continuous decreasing trend (35-and 21.7-

fold, respectively) was observed in the sensitive genotype compared to the control condition.

Conclusions
Findings of this research suggest that ethylene is intimately involved in improvement of cold
stress tolerance through activation of a complex pathway of signalling by H>O: that is polyamine

catabolism-dependent.
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22- Spectrophotometer
B- Trichloroacetic acid
24 Complementry DNA
5~ Quantitative PCR
26- Nanodrop spectrophotometer
?7- Diethyl pyrocarbonate
28- Deoxynucleotide triphosphates
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2- Annealing temperature
30- Representational state transfer software
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Table 1. Primer sequences used in gPCR amplification

Accession Gene Protein name Sequence (57-3") Ta(CC) Amplicon
number name length (bp)
09y b 0" =¥) Jgs sl glos b Jsb
oy 0yl O el (OC) w) 0l iS5
(3L
Actl F:
CTACGAATTGCCTGATGGA
EU529707.1 Actinl F\? 57 189
CCTCCTGAAAGGACGATGT
T
ACS F:GGTCTACCCGAGTTCAGA
1_
. AAT
DQ372685 aminocyclopropa R: 58 106
ne-1-carboxylic !
. CAGTTGCTCCACCACTCAT
acid synthase TA
ACO L F.TGACCAATGGCAGATAC
. AAGAG
AJ549384 aminocyclopropa R: 58 100
ne 1-carboxylic -~ 1 TG AGTGGTGGGTTAT
acid oxidase AG

)55 dus g 3ok (g5 e by solas MolS sl B 55 yygiS ilesl bl s adllas ) 28 yLol (gU omv y 32
ST s ol BiSe lagialejl sl (SuSS 1SS dw 5 s S5 53 5 SiPmid Lt wlapilel] Glp s

23 plool SAS 9.4 3l 5L 5 (P<+/+)) oS35 sy & sSle ulie y90)] 5 45 plxl ACO 5 ACS

Spd) Y JoSIse 0335 b slacmel b el olien 3 51 cialesl slolond o (5 locsime B3 aosls oo 5 450

(¥ Jg2) o ol bl gsime 3 ACO § ACS (sloj o ol DAO 3 PAOD (slay 3l cllab (Spm
Frge SogSUl oy 15 43 (215 295 ks 13 Ol 336 CellB (s 0 pglaind tlopuws AT SO (b SR gy
G5 2 Ol (i Lo S5 €00 b b)) Lopw & (el g Jooxio (slacdgr] oSy )3 lojw (15 o8 o]
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Table 2. Variance analysis of studied traits of tolerant (Sel 96th11439) and susceptible (ILC
533) chickpea genotypes under cold stress

(Mean Square) cle pe ke doyd i wlie
wli S.OV.
H20, DAO PAO Spm Spd ACO ACS Ethylene ¢
3327.64* 1/80* 0.39* 427.39* 47.14* 61.3*  474.32* 0.02#* 1 955
Genotype
748.98**  3.05** 0.65** 264.72** 24.87** 71.59** 1106.88**  0.0055** 2 = ko9
e

Stress
period

X el

) 0)9d

0.015"™ 2w

664.88=  0.56* 48.78*  11.69** 18.96**  356.72** 0.003* Stress
period x

Genotype

1 0.06 0.012 1.63 0.48 0.46 8.84 0.00046 12 s

Error
1.1 17.70 14.92 5.41 8.45 18.64 15.06 7.45 oy

(1) s
cVv

sl do )3 S s ) (gl ime [SSLy *#

T gt Sl 5 T pgiy polazsl oKyl s NCBIT SleMbl ololy 55 st guls ol 5 2ok jw g S guo
0ylod a5 039 (4l jlos g CS g malal yamme slay§ 5l G pp 0aiS ey (ST pydenl SO sl S (ol)5 3956 pgi 9O
P 59 e 3 elaS G pomen 9 bl Oolite jiwge 655 L) pelatedr cawl odal Y Jgan 53 Ll oy

Llyd 3 Joxio g olus cuigij 99,0 ACO g ACS (slapys oo (o olie 0956 Lopwr 4y wliaos g oo slacuisss

31- National center for biotechnology information
32- The chickpea genomic web resources
33- Chickpea transcriptome database
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Figure 1. Changes in ethylene content (ul/g FW), 1-aminocyclopropane-1-carboxylic acid
synthase (ACS) and 1l-aminocyclopropane 1-carboxylic acid oxidase (ACO) relative genes
(Sel 96th11439) and susceptible (ILC 533) chickpea expression in the leaves of tolerant
respectively) grown under control (23 °C), day 1 and genotypes (black and light gray bars,
day 6 of cold stress (4 'C). Different letters indicate a significant difference among the means

based on the comparison of the average Duncan

S sy JyuS bl b duliio )3 Lojus (25 Jgl 59 53 Jooxte caigi 53 Lojur (5 o ACS (5 oo o)l
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34 Quantitative reverse transcriptase-PCR
35~ Up-regulate
36- Down-regulate
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Figure 2. Changes in heavy polyamines (Spermidine (Spd) and Spermine (Spm)) content
(nmol/g wt), Diamine oxidase (DAO) and Polyamine oxidase (PAO) activity (umol/mg
protein min) in different genotypes and under thermal treatment in the leaves of tolerant
(Sel 96th11439) and sensitive (ILC533) chickpea genotypes (black and light gray bars,
respectively) grown under control (23 °C), day 1 and day 6 of cold stress (4 °C). Different

letters indicate a significant difference among the means based on Duncan’s multiple range
test
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Figure 3. Change in hydrogen peroxide (H.O) content (umol/g fr wt) in the leaves of
tolerant (Sel 96th11439) and susceptible (ILC 533) chickpea genotypes (black and light gray
bars, respectively) grown under control (23 °C), day 1 and day 6 of cold stress (4 °C).

Different letters indicate a significant difference among the means based on the comparison
of the average Duncan
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