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Table 1-the characteristics and sequences of rubisco and actin genes.

Primer name Sequence
Actin chickpea 841 F CTACGAATTGCCTGATGGAC
Actin chickpea 1029 R CCTCCTGAAAGGACGATGTT
Rubisco small subunit-For CAACACTTGAACAGCCTCAG
Rubisco small subunit-Rev GGGATGGGTTCCTTGCT
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Figure 1- membrane lipid peroxidation index of chickpea seedlings in different thermal
treatments, first day of acclimation phase 10°C (FDAP), fifth day of acclimation phase
(LDAP), cold stress phase (CSP) and recovery phase (RP).

b 25 a4 ol ool 0o Jolse 5l S Sl a5 23 glos 51 leamalS Jla|

Maali-Amiri et al., 2007; ) 555 o < gunme Jsl 5ay s 3l S Sl s 10 les w0 51 S
=3 4 b ks (Deryabin et al., 2005 3,55 5wl MDA Olss 53 1y g5 B s
Olsee S2alS o 0l S5k oS 5 51 8 sl SIS sk a0l Gl ey 5, s Ul

b al.:f)é ngg)l.w LAJ.A.» C,\-:‘A-A“\SJ.&MDA t_fj.: Lgl.éjj.l.w e ;L:.o d)’l"""“'\’.‘.“"s‘j"(’sd‘ﬂ

Vo)



1392 0 )Kan 5 builald abls

R e P W NP JON
gl 4 58 oo n e MDA Olps faS L 5
O Gaio ol e a5 0 ST S
s ! byl el 3 s Ol 45 ol
A a ol by icols (Bl aals s s of
03 53 e o Ol e &S A
ST Olge w350 SIs b (25 4 e
o Shass XS o A Gl Jeod slapnlS
5 i e gla it Cow aS el Ol
A OlalS s Sy wpl b (o)
> .(Hashimoto and Komatsu, 2007) b .
Ol ool o by Slasles W 5l anlllas
Ol e SKaS L Laesls (g 5o AS s sy O
Jolsd 55 sSKaws, 05 Ol &8 sls 0L REST
e 10 los s 8 D13 Sl Sl
22 JAS Ll b e ol S sl
oty 0L (31,8 Sl 55 23) 25 O Lyl
9 350> b 05 Oy oo Ol oS 5ok 4
Lo B0 (3 JSC8) il bl
Loablis Cgzr 53 ol (85l Lo 0550 5 5
ORIB s e SOA S s e b sles
el ol les e g O Hlee S e
el s oS Soo by sles 5 elS o
LS55 s G sl 03 sdane gl
Sukumaran and Weiser., ) <ol o35 jlel

.(1972; Nazari et al., 2011

Yoy

SRS Sl Sl s 55 53 SB 53038 ALl

S L ablie g s oS slapal

cstle s
O1 31 (Sl 5 ol Ol o) 2 il e
Al > 1y 3 b i 555 LS o5 5
Sk o Sl 028 Jl L
MDA &l b o ddaly (ol 53 ol sdalie
Gl e sl 535 53 S g5k 4 sl OLES
Ol &S (B 3l el sy Olge
S CBI gyl pme ks Wi O gl ST
o ST Jbd O30St Sl 655 5 5l pds ey 0
ok Jle 3 Ll 5 51 Sl 4 1) Baes Lo
e 3 b gbidale il o (ol
S e Jes s 5 blis e el
" Al e b wlsl s Sy, 05 Ok
Ol MDA 515314 (5,850 (= 390 93 kS
Olyee Al cnlnbe b o Rl580 55 ds
MDA Ol il a4 aS Jled 03081 sl 458
B sdate Gla s ok 3550 e
Aossn a5 AS o Jleb Iy 3 bls
Loy oo (2 JS8) wsl om0 51 S
28 Mg sl e s slasless > Jshes
D85k GlalS s sl S il ax 3 4 ples Sles
s Ol LialS s MDA _ialS o old
3 sdal oz 4 il oS ULl § s ge opl LA

sly OlEs 5 es e (2011) Kaur et al. oolicss

Sy olis L;\Ar-w-y'\gﬁ S Olss 4 s




(1392 g 1 o)l 5 0)355) (55,0LS (6580 5SS g alows

4.5 4

3.5 1
25
1.5
0.5 4
0 4
cP

(=] [+

-

Proline content {pmal g-1FM)

FDAP

RP

LDAP C5p

395 o8 (CP) U8 sbales cow sp6 AlE Jobw 51 oy Olie Ol -2 S

4 by 5  LDAP ) 5,8 5lubepm 59, ey (FDAP) 31 8 sl a5 10 o 850l

(RP) s34 3b 5 (CSP) 51 F s5lw a> s
S8 o .

Figure 2- changes of chickpea cells free proline content in different thermal treatments,
first day of acclimation phase 10°C (FDAP), fifth day of acclimation phase (LDAP), cold

stress phase (CSP) and recovery phase (RP).
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Figure 3- Quantitative levels of rubisco gene expression in chickpea seedlings in different
thermal treatments, first day of acclimation phase 10°C (FDAP), fifth day of acclimation phase
(LDAP), cold stress phase (CSP) and recovery phase (RP).
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Abstract

Plant responses to low temperatures have been created through cold acclimation process
using gene expression regulatory mechanisms. In this research, the quantitative gene expression
ratio of rubisco, as an important enzyme participating in photosynthesis and cell energy
production, the peroxidation of membrane fatty acids as a damage index, and the changes in
proline content as one of the cell protecting mechanisms in normal, acclimation, cold stress and
recovery temperatures have been assessed. Our results have shown meaningful differences
between thermal treatments in studied characteristics. Increasing Rubisco gene expression
accompanied by low damage index and high membrane proline has revealed the importance of
Rubisco as one of the effective genes in cell response processes. At the end of cold stress
situation and by starting recovery phase, Rubisco gene expression increased which is a sign of
decreasing membrane damage, surveying plant cells and stabilizing a new homeostasis in
chickpea. All in all, this study showed that the regulation of Rubisco gene expression related with
cell protecting agents and membrane damage and can be assumed as one of the important
processes in tolerant mechanisms.

Keywords: Acclimation, Cell membrane fatty acids peroxidation, Cold stress, Quantitative gene
expression, Rubisco.
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