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The effect of salinity stress on activity of some antioxidant
enzymes and expression of genes coding calcium-dependent
protein kinase as the key determinants of salt tolerance in canola
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2 Calmodulin-binding proteins

? Calcineurin B-like proteins

* Calcium-dependent protein kinases

doddo
SR e S S el OLS ol s Sles
5P nsd s bt Sladnl B absa OLLS 5 L
ol b 5 s o 0L 2STy fead b 5 e SLUAS &
S s LT (5L 5 OlLS mul 5 Lss e S5
ool szl ol QU Lo S0l 4 s b s ) e
S S5dnsd 5 Glerdism g GbesSe bug &
sla i Ols 31 .(Ludwig et al. 2004; Arzani 2008) s 5.5 .
503y Fo S Olgx mhe o (58 5 (Sa A5 (e
Sk 5o S1dilan 315 aalllas 5) 50 il S e
S Sl ol SSE 5 bas e Fs er b 5 dr Yol
(Brassica napus L.) |3is" .(Zamani et al. 2010) .l |Sis
Sl Olgzr il 53 (2855 (#10) SV e o Foe 51 (S
CokS 5 M5 93k A U e o5 sl DI S oS
sles St 5 Ol ()0 s 45 5,50 5 L1081 O
5 sty Ay el Wkl dsly e eiesj ews V) 5 Ve
olalS (Francois 1994; FAO 2017) dib o 158 50 5 Slas
3 bt sbaal el Jl) ol 038 b G b Sl
e Gl b Bl 5 ablis gl g5 00 (S35
O b OF Jisay 5 ply S5 b ply JU) S s s oo
(ROS) Js 0381 slawi S adax 5l w8l sla by
Sy ol 25l pord pedS 5 Lasblid s ssy
Huanget).usﬁamla;:ﬁ; L Sk gjﬁm..Lscb.ﬂ 45l
53 dled 058l Gt S A5 4 e o555 A5 (8l 2012
st ool o iy (Mittler 2002) 558 o OlalS
Cohe 53 St ol b BLEI s il (sla s
Jls sl g oJlas 05mS| slats S 5 ol ol Cilisie
Sl Gb 5l sk JU e e a1 e 5 izs
S5 e e o0 sadsSsas Sk 4 pslus]
S0 Cow s il 5 sy s 5 i
.(Bolkhia et al. 2003; Gambarova and Gins 2008) .uas
e SLI3 el sl soldST 55 L ablie gl OWLS
o el GdGsl, Kls e a5 dizes VL S L ols

w;v@)‘éJUMbw‘ﬂyﬁjiudbl{jebj

VAR 50 1Y o )lols o200 35l 0,590 /(9 98 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.2.7
https://mg.genetics.ir/article-1-93-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.2.7 ]

e Ol (ST Sl 3T (B 9 Culldd 3 Sog H

OSes 5 Al L e

Zhang et al. ) 555 0 olS 55 olant gzl
35 G i e Ol anllas (i ol 51 Gda (2014
IS CES WSl 0 sy IS el 5 pslie o) ey
osd gble s sladle s S50l L dsame S Olss
ol o 1 el 5 S sl O o 5 by pis Ll
Rl (el o eslinal (g pd 25 il - shan SialesT
g5 5 A Gladshe 55 5L i3 Siamy Wsa
w)ﬂ‘myﬁdm@mjgm&wsu?g
oS e e S 5 bt sl (Soles

e B (SH5 0 (S g

g 9 Slgo

53 x4 IS (S n b slagpal adlas sl
O a el 85 50 5 (SIMO46 5 6L y5) et o 585
Zahedi and Tohidi ) Lus Obsl (81 5 Ssol) s 5
andlles ) 40 rléj\ .(Moghadam 2011; Moieni et al. 2013
b slas SL al m b B s LSt bl o) pon
Ngaihee Yoo s Ve (g5l cdald mhav a5 5 LSS an
S bl s A, SEEL s (NaCh Ll s i S
Sdedy o3 ) e So IS g b g bl sl s S
S (S V) OIS s 53 e 5 S pie s 4ids
Comd ) SdsSnss 5 LS55 Sl 5l bl ool
IACC 555, 53 YV °C Lles Ll cou g (VXY
Lops Mo b g (b celu A 5 oy, celu VT (s
Sl als e B Lis i LSS A 8 Sl 5 Casb,
5l en e by Al g Sl U (OIS sann S 5
S 31 o3litel L olacSe Soaty (5554 slag S ol Al e
VLS Sl sl 5l . Sds e 3 Jlesl (NaCl)
DA 23 G K ) e ahoN oS bk ses S el
{(Ashraf and Ali 2008) & ¢ 1S bl Ol b —Ar °C
FLEl 035 05 05 31 eslined L RWC) Sy O s 5l st
Lo Skl s Jeep el S Six 03

.(Weatherley 1950)

IWAQ 50 /Y o )lols [ @m0 5l 0590 /o9 98 Sl

Ohsugi et al. 2011; Cocaand ) L ls e iy 5 o) e sla o5
5 S sl is 3 b 5l CDPK laoss ol (Bundo 2017
DM (5550 ¢ (S o5 (S comly oz 5l pleacd
k3 G plply Al RIP LOses e 5 2l Sl
el 33l 5 sl oS Wiy Osel o 1) g 2lis CDPK (slasss
Tai et al. ) das o Ol e o i 5 olS Caslis

.(2009
LS S, OF L8 0Ad b, S Yao et al. (2010)
OLlS  (ACDPKg) e siolyl 1 Sl
Slise srsns 0535 JAS ot Sl ekl
L 03 orl 3 b olS o aslie 3 S )5 35S S IS
4 313 0L s e plonl O 55 0 opl Ol s S Al
ol S ol B (SEF s ush a0 e 5 AtCDPK; 0
e 5> ol 5 5 b e cdald QLS Oslajl 3 L (e
Nsagshs Yor 5 Neer IS Gl L doss N0 sl
o S Jb g Ll s s aSesls DL 5 S ) S
5 Sush A S 5 2l sy el S5 0L SIS
Cilge QLS L sl 5 OLLS o (sols s osles  Sis
ol mlsal ol 55 05 cpl Ol Olme 5 Cudls 5425 Aali
(,:_.Ls 4 aaly 3US 8, e 5l S Lietal (2015)
YY4) CDNA LIS Jsb L (CDPKS) Koi hLuy Ul
(Arachis hypogeae L.) . el (KF437909) ;L
53,5 1 (RACE) cDNA slesl s 1355 sy bauy
Shls oS sl 0lis 05 cpl el dl JIg Jlos 5 42
ANCDPK 05 cpl 5 ol Lgw b Slsan 5 wlis o 2i
[ VPR Y U S Wy R W N S JURNC CR WEE
W Sad 5 oS 0 Ja 57 Dl ARCDPK 05l 3 55 o
S OB S el B me 53 oS &S s 5 a5
S Sl Al (S50 Ll ot e e
Sp 3OSl Sl 3T 5 Shas s Jb O3S
S Ll e 5 b oS 55 el i eale iU
S3b ozt Ol o3 Seslie sl e ol Sl egs
1S o 05 Y0 Jals 5t sl gls G 1S 45 CDPK .S

1 Rapid amplification of cDNA ends


https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.2.7
https://mg.genetics.ir/article-1-93-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.2.7 ]

OSas 5 A L e

wed Ol BT Slam 3T (S 9 culld p (Syeh I

S S Sl OLE 035w 3l ey 5 3 SLSI (] 5
90 B 5 AS el 4ids Yo Ddea £ °C gles 3 Vreer g
Ol adiges S5l pls ojlas lsal 5y A axils
ol s bl ek sl laslas 8
s Seslll s g Sl (Bradford  1976)
Dhindsa et al. (1981) s, b (SOD) U goss LS| 5 g
sor S oot mpl ol b s el
PH=VA) olins 3L Jela sty Jeol 3L s
Vo psdailSsks s OV e VY e GV e e
Y0 X100 sl 5 s Y ses,Ses Vor EDTA Vo5 See
A S Y4 Ol Salr a g ol L Sl s Ao
0 Olyme & V509 S0 ¥ gy 5L 51 e A 3L
zoe Jsb s oBas 5 A wlsl Sy bglses 40 [V 50y S
S A S Ve e e gl A e S el 0
AeS s Bl Al s esliad S5 lace
Sop bl Cmiles il 5 T CI Ll 56 pens
Sl Lol s 0 S e sa adBs 3 pad sl Bl A
S eslizad b 318 Sl a5 YO sles 3 (CAT) VB o 5
Slp s 6, Seslll Aebi (1984) iy, a5 e gty Sl
ol ey il oo Il Sl Ol i
5 badsbos 2 eslinl gl T maedib s S s
00 (PH=V) ol 3L )y Sea Yoo ol sl eslizul sl 50
oslas 1l e 00 5 Ao Y H)Op 25 S 0 (Y 56 s
Sl Yo Jol b 53 4i3s 0 Sdens 3T S b 5 e 5]
bl el Sl bl VO ol sl s o
oS e 03 akds 3 eld wpa Ofsods AeSly Jses S
o5 Le 0F Ok Dl 2Ll sk Ll 55
S b s Sk Gl SRSl Sl 6o
gl Al el s eslinad (Quantitative Real-Time PCR)
RNeasy plant mini (Qiagen, USA) .S ;| oslewel L RNA
S L Joole GLRNA iiS s plol S ;i Sl kit
L RNA oS jllie 5 A s doys o 38T J5 s
(ND-1000, Thermo Scientific) 15U olKaws 5 eslizal

QuantiTect .5 | eslazal L CDNA e (gl 5 Ad s

RWC (%) = [(FW — DW) / (SW — DW)] x100
35S p il 035 SW oS o3l 055 FW ey ol s
S a3l sk opl Gl il e S Sis 055 DW
b e A3 43,5 Son B 3led OIS e ay bsis
e b (Sl S 03l O3 /) S L ol
2 Y0 °C les 3 kil 5 cele VY Clen S olakas
oledos O3 GaSeNl Gl A esls LI Sd s,
GRS Jlezws L5 s 2o O 5 (S oladad (S
sl s 5 g S8 5l &S placst gy 5 Ll S
GleSL oBul s § s S O3y 5 el 13 Lsy
0313 513 VY °C los b 05l L3 cole $A Sodtass o s o)1
Lol i O35 sl S5 Oloy Sode 38 S day 5 LS
55 (MDA) sl (g3 0l claile umd gl A3 s
A IS0 e s 3l S e S e 00 Tl (S,
03 (Ve ) 55 Sl s 5055 O gen T2 Soo e
AL Al p ey 3B S ¢l>;_'s\ aids Yo Sl £°C gles
Sl 45 (TCA) 't Szl 5 IS 55 Aoy Yo gl s
5 Ad wlol gy 56« va,\,ﬂl S sabsd Lsys /0
40 °C los 55 433> ¥+ Ddeas (obs o plom o bylse ol
e 3035 3y G plom 53 L bslse () e 23 518
A bl a4 3s Ve ey £ °C b 53 (Vever @) 55 sl
Jsb ,k_:,as.m > Ol chle 5 s anils o )b
Sle 3,50 00k 45.,\;4(5}5”'\&\ el Ner 5 OTY s
5 Sl (TBA-MDA) 35 3 .SaS OYY B Jsb s ol
S s e el Ve s olantl d sl 4k ol
BRSPS 05l chale il gl p Ad S i o
25 daly Sesliad Loy (oo mMTem™) el oo
.(Hodges et al. 1999) & acul>s
MDA (umol g™ Fw) = [A532-A600/155] x1000
b S sl gl Il das a5l oy 5T o slas gl Al sl
— s Sl &S G‘f@\ Bl e 5 LS oy @LA <)
J$B1lS Y 5 a3 0 5,50 Ve +/) sl IS5 08

JﬁLv /6.\..:))}3: L;f 4.7‘}&4) Y’\ &:M.m—t ‘U J)J M‘)é'/\

! Tiocloro Acetic acid
2 Thiobarbituric acid

VAR 50 1Y o )lols o200 35l 0,590 /(9 98 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.2.7
https://mg.genetics.ir/article-1-93-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

e Ol (ST Sl 3T (B 9 Culldd 3 Sog H

OSes 5 Al L e

DS meal s el (i 5 SO LSS 4
A avwl=a (Paffle 2001) AACE

ST ot g 4 303 0L (Y ) lsls 48
DB s 5 st Jlie Jl 5 o35 igosd b Ces S,
S st G o S Ol e Sl 23S
GAS Bg5 b Sad Ve ke Voo e B Rals ol oS sl
Sas Ve e Yo b oclle (I L 5 Sl O se
Wl (6 Sty hal 31 O )

CBle AV 53 T e sl Ol ke 5 (S
LSIMO4 3,5 5 A £1/08 ik b IS5k o35 53 Ko
(O JSK8) B sdalie Ao 3 040NV Sl

&S ) [Reverse Transcription Synthesis kit (Qiagen, USA)
L obu:..w\ ‘:}'f ol JLQ..; DNase L; 45 RNA r)§jJ§3‘A
57 S 4wl SUS o8 oS slp SHLT b
ealael L OC:SUMJB dj J:.o;v.h 9 (BnaCDPKleO) ‘JJS A
V dsdr 5 o3 S (hitpi/iprimer3.utee) Yol Slsle 5l
el 0 &) sl 0 5 el g0y ST JIs
Applied s

5b el L Real-time PCR - sl

Biosystemes SYBR Green PCR Master Mix (Thermo
Al FAPI WY, = 03 3 Fisher Scientific, UK)
48 °C L3 gile axdmls alo e O ol ol slaas
Sdedy A8 °C s gilw and g L4 2 Y0 adds 0 Sdeay
Lo 5 a3l 80 Sdews N °C los s s SHleT Jlasl caili V0

L05 Ol Olpe Culg 5 0 4l £0 Sdeas VY °C (glos s

adlas opl 3 ol eslized (gla S5LET -V Js

05 b s ol 03 0l Siel Jis Gloidr) 25 b
BnaCDPKg XM_013788076.2 LOC106348352 For 5 TCAAGGACAAAGTCTACGAGGGTAA 3’ 1
Rev 5’ TCTTTTACAGGAACGGGATTGTTG 3’
BnaCDPKy, XM_013860191.2 LOC106419410 For ’AGTCAGATCGAGATTGAAGCAGTT 3 Vo
Rev 5 TTGAGTTCCGGGCAAGTTATTCTA 3’
Bnaactin, XM_013858992 LOC106418315 For 5 TGGGTTTGCTGGTGACGAT 3 v

Rev 5’ TGCCTAGGACGACCAACAATACT 3’

o) gy gl 03 Sl s el 2 Sle anslis 5 A3 w20 SAS 9.4 gl s 5 eslinal b (a5 5 o3 Jlole 55 osSb &) son UialesT glaesls

[ DOR: 20.1001.1.20084439.1399.15.3.2.7 ]

Osalw

100 a b a b a a [A100mM
< d od c cd #1200mM
Q 50 7 Fy Z N
2 2 19 |17 |1p
s LA 12 1A |17

Zarfam SIm046 Okapi Sarigol
(’B’J‘

gl 52 Jlapme D a0y YL s cogline Gy 5 5l glast (godias Ol LasL (LRWC) &, g_)]d.w.‘sé‘jlm S 2 Soxd =5 H =) s

.,wud«QLiJl).,\.p):C.;

IWAQ 50 /Y o )lols [ @m0 5l 0590 /o9 98 Sl


http://primer3.ut.ee/
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1249684277
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1249743586
https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.2.7
https://mg.genetics.ir/article-1-93-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.2.7 ]

OSas 5 A L e

wed Ol BT Slam 3T (S 9 culld p (Syeh I

05 Oy «(CAT) VB 51 (SOD) b yemys dwS|y s w31 (MDA) waliss 0dle (LRWC) S O o (slsmn (lsls s =Y s

(Sosh 5 caw 1S 55 BnaCDPKy 05 ol sBnaCDPKg

Sl s @t-‘ e Sl e Sl
&5l LRWC MDA SOD CAT BnaCDPKs BnaCDPKjo
£l v Yeg/A0"" A7ACN YT Ninie AR
Gogd S Y ra4y/08™* \72% Vove®® VAV A7AR VoV
S8 XS ps S 1 RN g Vi AN B
o Y¥ Y. /av Y NP V¥ ey
CV (%) \Y/048 \e/VY \e/08 \\/Ao YA/ VYTV
("doys S 5 () Ao ys ] Cla..u 23 b e dNS) Sls pme s
Ooabw
100mM
3 @200mM
=
w2
(=]
£q
o
1S
=20
<
[a]
=

B Mﬁ@cla..,);)!sgu Mt L gz VL 3 Soslie Gy = 5 3kl glast (godasolis ol oS Ladl gs O oy 2 Goss 25 MY K

Slaiey Glaptepm Sl b dil 6555 55 Ll 55 O
ady s 31T Ol 4 3B ol e falS Lsa
Sz 5 oS 4 cl O Sy 35 o5 sy G m a5
3 AN pobe 3 sdee basll 5 e S S L)
23 0L bl g s el 038 ST 1) (S50 58
(Sopt b oS 1S pLE1 S aadlies 0l chle &S
alie (Y Jsdr) <8 S 1,5 055 5 6o blame Sl o5,
S dadll o3 e cBle 03y 5 s b S
Sl Al w53 oS s Ol 1S 61 (Y K2
S p dadigs Oyl ke L 5l 15ls el Obe (Sol5 e
Odle o lale i op8 ake el 5 A s
Sl 4 (VJSK8) A adys b 251 3 S aadliss

S et Sl 0 SU Ulgen S O ol sl
BE) L;\.“J)JLZA 6@&9&3 oS Jm.i.h.d WS Gl ol alll °L::§
Glms 53 2alS 5 T 55 Gl Cx e (g5 ol
Slr 3 2spe Ol als OF by o8 350 0 S O
OLs sk e O S35 SO sl
LgLﬁﬂLa)f 3 s~ 6“@«)}4&4 @.>L7 c&lJ& J‘)A uJ&- BE
Cicek and Cakirlar 2002; ) <ol oS 5 Jlé O3Sl
S osly Ol iy s s (Farkhonded et al. 2012
“ Jvﬁ -’)}L—.’ & o>l cgfﬂ uT s Sl giea C)‘Jz;u'”
el (Jiang et al. 2014) 555 o O sume OALS 3 (5 5d

4 s palS Clea LS e S 5 ;.j o (Sl 3

VAR 50 1Y o )lols o200 35l 0,590 /(9 98 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.2.7
https://mg.genetics.ir/article-1-93-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.2.7 ]

e Ol (ST Sl 3T (B 9 Culldd 3 Sog H

OSes 5 Al L e

Ol opl 8 L Il dals 4 ol pBl (saes o wﬂ
! e ol 3 5 3 el 151 iy e (651 3
A Aals bl e BVl VB T el )
Pl s VB il cld xS il (o v JS)
Sl 3 ekd a5 HiOp plagl dyl b o8 s o Ol ol
Wl 3,55 (68 AlIS Sl Bl s (65pd S
S g Soss Sdd il a8 wsly Ol i Sladles
VB 3T b Ol (Rl e IS slaca 55
oS odd Al b el Ll ((Ashraf and Ali 2008) 552
SYBIS 5 30 oy STy g Slag 3T Clad 2153l (55 55

A 5 e QLS sk b 15 Sands 3 Ll

Oaslw
[E100mM
#200mM
= 10
g 8
S 6
£ 4
o
2 2
8 o
@ Zarfam SIm046 Okapi Sarigol
ol
g 3 a a
o r
5 2 /I
g cd ? ?’ cdcdC cdcdCI
STV A 9 e
- g e e
© Zarfam SIm046 Okapi Sarigol
NEy

w51 5 () SOD) 5L o> 1S s L;uw-j O[PS T
5 ol glast (godiasolis bl gy 5d 5 s () (CAT) 5Y6IS
bodoss my e 03 Ulsome Ol el VL s oplie G -

s e Ol

IWAQ 50 /Y o )lols [ @m0 5l 0590 /o9 98 Sl

el o U o el pl D3 Sk L8 LS
AU cos ol slalie o 55 @S ol els oLz Slalas
5o 3l LS S i 0l W 5 5o
Dhre G Olsear Llg o ol Joho Lie Gl g a5
S35 g Sost S oS Sl o sl ol
oo S MDA L slacs 55 ol 2L .(Gunes et al. 2007)
o MDA (Ll5l 5 s oo LI 15 Ll 8 4 6
Sl Cled [Lals s pules w651 5 (6558 S
ol Ol il 3l amd 53 5 L dd s olS olis
slad Sse a5 ool Ol asdS Sldllas il o Jsbo @
s e LS (s glals 5 sl D J
Sl il y oo 31 Slacs Sl 4 at 0T (53 Slas
o) s omlply « (Pandy et al. 2007) sy 55,0 52> 4 U
VU 5 56 e eS|y g slagn 5T Clad Oljee anlllae
mAl Sl S sl Ol bl e A ek
A o IS L6 S5 3 VB 5 36 sees ST e
C3 S A B s goss e Sl o5 (o s
Ol s oSl S¥ 5o ko Yoo B (65 o 230 L (Y i)
L S Bl sen 3 U pens S| pe T Sl
eBl 5l mi Jomte a5l 53 (253l ol oS bl 5l sl
RS 5 (1Y) ply5 085 53 SRl o e &S 0y el
Sladllae () ¥ S5 A sdaline (YY) IS5l o35 ol
Sl S Sl pl 5 Sl addlles s b (Salen 53 nde
Sbas$3 03 Gosd A8 kil d o U ey LS g
53 &l s (Hogue et al. 2007) ol asl 2ol 53l Jese
GRS Dde 5 Ddd 4w OS] (ST gl 3Tl
Koca ) coul &sline aoms Lyl i 5 S lale ol 555
Ol e 4SS 513 OLES IS 5550 5 42208 Slalas (et al. 2007
Ll s Cov S amalS s jUsess Sl ol
Sdd bl o (Dai et al. 2009) ol sl )il (g5 58
Sl Ol SRl e S s S5 oy 2 sost
Ly, (Ashraf and Ali 2008) 353 o 5050y LSl 5
oS sls Ol @j,;)uﬁ;@gﬂutsﬁﬂqwﬁ,@dts

Sl Ol (S V50 Lo Yoo U (g 58 gl lB L


https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.2.7
https://mg.genetics.ir/article-1-93-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.2.7 ]

OSas 5 A L e

wed Ol BT Slam 3T (S 9 culld p (Syeh I

05 Ol Ol «Sd Vs Jun Yoo U ()5 lawe 138l L
o) & Sl il dals & el ol saas ;3 BNACDPKGg
i 4 g ol (6151 2 Jeste Bl s 2l
Kool 35 53 O cp 2eS 5 (ol YY0) plo3 o3, 3 Sl
Ol (=8 K3 Ad saalie aals a4 cons (1 V/0A)
Yoo b dals 3l gy Cla.ﬂ o33 L BnaCDPKyy O3
53 Sl Ol (=t ISK8) ol Sl (S )Y 50 e
S 5 o o8 4 Suap s (651 s BnaCDPKyp 03 by
bz = S0 ooty 2Bl b b ls me S ol o3,
o3l gl Goay Ghate 53 A e sdalsl 5 1S Sl 4 4 g
s SUS ps p SIS e, lalS 5 b e (el )
el 33 Y0 Jald 5 o eal gl S IS 3 S
5 AICDPKs 5 53 45y sdlsT 53 J3 Slllas ol
Soss 5 Sadt G S 4 el 5o egs S8 ACDPKy,
5 asdlas ol 53 (Wu et al. 2010; Yao et al. 2010) .ils
4 ax g s ol 1S 55 BnaCDPKyy 5 BnaCDPK, o5
BnaCDPKs 05 53 Oly Olge asdlls cpl 3 ool sy ol
Yoo Boaals 5logosd sl il L BnaCDPKyy
BnaCDPKg 05 otk 5 Ll cils il Sas [V e s
ol o3 eds eslinad Wl (sl BRaCDPKyg 0 Oly s
el L SIMO46 famie o3, cp Slsiime D) iasy
s a0l Ol blise 151 il Wlg e oS Csll ulus
85l sl 05 ol L (BnaCDPKg wile) 55 el gl oyl
L il b sy Jelse Al (o508 A5 4 el 02 oS
(LS b @) CJld W lad o Sia 05 H 5505
505 Ole Olps S35 ote SR g e L5 e L
i S a el s Je Slasely Sl e (o

¢ M8 4 a5 L o(Lindemose et al. 2013) L)ls odgs
SO s5ssn U oS Ol Gy s Jelss
T gl w88 o,,e BnaCDPKy 5 BnaCDPKs
fors b e WL gbadr Yoo JIS O n
&L 3l BnaCDPKy s BnaCDPKg (sladi  oewsis)
b Goob Sl e sias Sl sSB 5 s 4 $ NCBI ledbl
Jsds) Lud asie (Higo et al. 1999) PLACE  jled|

welS B s LU 6 b ml e
solbig Olgea Sl B8 wdS O 5 ol el st
Ll e oS e oy sl AL ladshe s 5
O Sk oS 4 atly SBS 8y S 5 LS
y@&\éﬂg@ﬁgx}esﬁdgp l)r,ﬂmf?w);msz
Qj QLQJ S osls QL~:~J J»«JL.{)U 4‘1)"; GLU J)“:’L;‘ nL:.g BE
),,":U Cow Jadd BnaCDPKlo Qj Qk:: 9 C,ﬁ_)g )\;5 rj) B

(Y Jsd) cs S 18 303 Sox I3 e

) Osabe
3 25 2 @
, & 3 E1100mM
}5 2 b bl b b
T _,In“' CR ca @ 200mM
3 df  dE 'Fi; r#
S T
s U 1 |FE A
Zarfam SIm046 Okapi Sarigol
2 a
3 b
215
Iﬁ_ c
1
5
g 0.5
§ 0
@ ol 100mM 200mM
Sopd Aame mslan
2 a
3 b
Ii 15 b b
N 1
D
3] I
< 0
o

Zarfam  SIm046 Okapi Sarigol

BnaCDPK10 o} Ol a5 (&) BnaCDPK6 o5 Ol i -8 K

L ‘LS))MJ“JC”’“;(C) Soslae rl})‘}(g) Lg)j..i_ﬁ.tsucjja.uélﬁ
Ml o YU s woslae Gy 5 sslukinl sl godasylis

.Mﬁjowljw)éé\ich»d)ﬁjl>w

VAR 50 1Y o )lols o200 35l 0,590 /(9 98 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.2.7
https://mg.genetics.ir/article-1-93-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.2.7 ]

e Ol (ST Sl 3T (B 9 Culldd 3 Sog H

S 55 RAV s WRKY s 555, 555G .(Chio et al. 2000)
Rushton et al. 2012; ) 5,15 &Gyl sl Slo ol 53 LS
5ol 53 MYB u 55, ,sSB (Feng et al. 2014
S S 4 Gl 5 olS s e plie a3 olS glaul b
ol s (Katiyar et al. 2012) 5,05 (& odi 6 5 ok
5 BnaCDPKg (sl ,5ses s 4>l 53 b ole
Jelse b ss 05 ool Ol oS el OF 51 Sl BnaCDPKyg
Jolss cnl € bl 51 ams s 5 eld S il
So5s oA 4 ol i Al Pl Gl s 53 a5
el sl 05 3 opl Ol o3 Sl e hmes S

AEL o sd i S andlles ol s el eslanal

L plalid e3date o sis, sla, S andlas cpl s (Y
ol gls o 3S 5 sy S MYB 5 WRKY bZIP 0l 5 e oS
22 OLLS > Sl gl s Slakets 3 g iy, 5 SE
3 ¢l 1, (Simonetal. 2016) Lz o) o8 Sla 25 4 ey
el 53 e sy Sl SU s s Ssesn BT Rl oS
GBOX ABRE .S o sdalice () Jsdr 55 |, (y5d i
55S6 Jlasl BMe 3,50 LOKe ACGT isse s WBOX
a Jomi olantl uly Coge S diiea DZIP i)
,sSG (Llorca et al. 2014) 555 0 o5 8 5 ol sla S

~B5 xse (ABA-responsive-element) ABRE .55,

3 b Sl Aol Gl ply 5 (Sl 25 a4 oy 3 05

(S S A cﬂl-’ Sl s o GlassSB 05 S Lasla anlllas 5550 SAOS 555505 0 BT Y g

)5S e Jg i ge ST sl 5 ge ST sl
BnaCDPKg BnaCDPKy,

ABRERATCAL MACGYGB \ )
ABRELATERD1 ACGTG \ )
CGCGBOXAT VCGCGB A Y
WBOXNTCHN48 CTGACY \ Y
WBOXNTERF3 TGACY i )
WBOXHVISO1 TGACT Y Y
WBOXATNPR1 TTGAC Y 0
WBBOXPCWRKY1 TTTGACY \ -
RAV1IAAT CAACA i )
MYBGAHV TAACAAA Y Y
MYBCORE CNGTTR 0 Y
MYB1AT WAACCA 1 Y
MYBST1 GGATA 0 Y
MYBPLANT MACCWAMC Y -
MYBCOREATCYCB1 AACGG \ -
MYBPZM CCWACC \ |
MYBI1LEPR GTTAGTT - )

IWAQ 50 /Y o )lols [ @m0 5l 0590 /o9 98 Sl


https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.2.7
https://mg.genetics.ir/article-1-93-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.2.7 ]

OSas 5 A L e

wed Ol BT Slam 3T (S 9 culld p (Syeh I

Jled 3581 35T G dICsl, 2als3l 5 el g3 0 le il 53l
OMeeST 5T slae 5T Cdlad Ol OT L ablio sl o 355 0
ol ml ol s a0 Ol I
Sl osh S A e mel oS b Ol bl
Sl Sla b Ll e S el s Jeb 0581 sl S
Sl cdld il s S 5 el 0n
) olS Gisb cpl 3148 558 Sl (25 6508 5l oy OS] 5T
33 ek dgmg g LS eslel 55 3L ablie gl
2 935S Sl o) (Jobo gl sdane slap
L oolS ol e et 5 SNOAnnd San ok
o 3l R SusE R 03 S0 e la0) aalllas Sl
S s 05 Ol (o SRl rl 03 asde el
Oly Sl 48 208 el (958 25 o S 4 il
5 oIS A A g oS e Rl Cr e 05
Ll g e of Gl on 5 5S oS 55 03 cnl Oy s

55 Ly aL:f (;i‘;lé-i SWERPRGINAY 6‘;’. WL;'“ $o\Kal,
ST

&lw

Aebi H (1984) Catalase in vitro. Methods Enzymol 105:
121-126.

Arzani A (2008) Improving salinity tolerance in crop
plants: a biotechnological view. In Vitro Cellular &
Developmental Biology — Plant 44: 373-383.

Ashraf M, Ali Q (2008) Relative membrane permeability
and activities of some antioxidant enzymes as the key
determinants of salt tolerance in canola (Brassica napus
L.). Environmental and Experimental Botany 63: 266-273.
Bolkhia O, Virolinen E, Fagerstedt KV (2003)
Antioxidants oxidative damage and oxygen deprivation
stress. Annals of Botany 91: 179-194.

Bradford MM (1976) A rapid and sensitive method for the
guantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Analytical
Biochemistry 72: 248-254.

Choi HI, Hong JH, Ha JO, Kang JY, Kim SY (2000)
ABFs, a family of ABA-responsive element binding
factors. Journal of Biological Chemistry 275: 1723-1730.
Cicek N, Cakirlar H (2002) The effect of salinity on some
physiological parameters in two maize cultivars. Bulgican
Journal Plant Physiology 28: 66-74.

Glaos Ole L5 5 Ll &S Wsls Ol ety Slalas

e LA @ ObLS Jess G031 e CDPK
SR OLd s, g Yao et al. (2010) S Ky e

ﬁj-‘);.’ J}LS o “;""4,.)‘;’ m}.l.:;b] OLS cAtCDPKe
ol 5 55 W5 (35S CaMV) o K Slise s

e SOl e Q)w&)é)ﬁuii@dj;)l,\} 3553

BE Q)" U'~’~\ dL“d &‘f‘ E) .3)\.) S Jals 3 Q&;&)‘Js L)U:Lg

))}JJ‘J&&Q}}‘;&)‘}G%)J&)&)FQM
53 AtCDPKyp 45 s S ol Wu et al. (2010) s (ganlllas

5B ge oS 3 S sdalie Ll el 2 Sas 15 4 ey
oS L anslie jo St 0 4 (ki Cuwle Atcdpkyg

el o e B O] opl 5 asde (SO IS 4 e glie
Sla STy s o8 il 518 o Wl Wadissy O 4t 5 5L

LS‘J" al.:s)l.:; S)40 L;LAC,?‘W)D J%\w}wﬂj J"G

e o OplenSly (imes 0l e A g 5 A

Coca M, Bundé M (2017) Calcium-dependent protein
kinase OsCPK 3, mediates both drought tolerance and blast
disease resistance in rice plants. Journal of Experimental
Botany 68: 2963-2975.

Dai QL, Chen C, Feng B, Liu TT, Tian X, Gong YY, Sun
YK, Wang J, Du SZ (2009) Effects of different NaCl
concentration on the antioxidant enzymes in oilseed rape
(Brassica napus L.) seedlings. Plant Growth Regulation
59: 273-278.

Dhindsa RS, Plumb-Dhindsa P, Thorpe TA (1981) Leaf
Senescence: Correlated with Increased Levels of
Membrane Permeability and Lipid Peroxidation, and
Decreased Levels of Superoxide Dismutase and Catalase.
Journal of Experimental Botany 32: 93-101.

FAO (2017) FAOSTAT. Available online at:
http://www.fao.org/faostat/en/#data/QC. Rapeseed
production, 2014; Crops/Regions/World list/Production
Quantity (pick lists) (Accessed December 22, 2017).
Farkhonded R, Nabizadeh E, Jalilnezhad N (2012) Effect
of salinity stress on proline content, membrane stability
and water relation in two sugar beet cultivars. International
Journal of Agricultural Science 2: 385-392.

VAR 50 1Y o )lols o200 35l 0,590 /(9 98 S -



http://www.fao.org/faostat/en/#data/QC
https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.2.7
https://mg.genetics.ir/article-1-93-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.2.7 ]

e Ol (ST Sl 3T (B 9 Culldd 3 Sog H

OSes 5 Al L e

Feng CZ, Chen Y, Wang C, Kong YH, Wu WH, Chen YF
(2014)  Arabidopsis RAV1 transcription  factor,
phosphorylated by SnRK2 kinases, regulates the
expression of ABI3, ABI4, and ABI5 during seed
germination and early seedling development. Plant Journal
80: 654-668.

Francois EL (1994) Growth, seed yield and oil content of
canola grown under saline conditions. Agronomy Journal
86: 233-237.

Gambarova NG, Gins MS (2008) Characteristics of
oxidative stress of plants with C3 and C4 photosynthesis
during salinization. Russian Agricultural Sciences 34:77-
80.

Gunes A, Inal A, Alpuslan M, Fraslan F, Guneri E, Cicek
N (2007) Salicylic acid induced changes on some
physiological parameters symptomatic for oxidative stress
and mineral nutrition in maize grown under salinity.
Journal of Plant Physiology 164: 728-736.

Hekimi S, Noé A, Branicky R, Wang Y (2018) Superoxide
dismutases: Dual roles in controlling ROS damage and
regulating ROS signaling. Journal of Cell Biology 217(6):
1915-1928.

Hepler PK (2005) Calcium: a central regulator of plant
growth and development. Plant Cell 17: 2142-2155.

Higo K, Ugawa Y, lwamoto M, Korenaga T (1999) Plant
cis-acting regulatory DNA elements (PLACE) database:
1999. Nucleic acids Research 27: 297-300.

Hodges DM, DelLong JM, Forney CF, Prange RK (1999)
Improving the thiobarbituric acid- reactive-substances
assay for estimating lipid peroxidation in plant tissues
containing anthocyanin and other interfering compounds.
Planta 207: 604-611.

Hoque M, Okuma E, Banu M, NakamuraY, Shimoishi Y,
Murata Y (2007) Exogenous proline mitigates the
detrimental effects of salt stress more than exogenous
betaine by increasing antioxidant enzyme activities.
Journal of Plant Physiology 164: 553-561.

Huang GT, Ma SL, Bai LP, Zhang L, Ma H, Jia P, Liu J,
Zhong M, Guo ZF (2012) Signal transduction during cold,
salt, and drought stresses in plants. Molecular Biology
Reports 39: 969-987.

Jiang X, Qi W, Xu X, Li VY, Liao Y, Wang B (2014)
Higher soil salinity causes more physiological stress in
female of Populus cathayana cuttings. Acta Ecologica
Sinica 34: 225-231.

Katiyar A, Smita S, Lenka SK, Rajwanshi R, Chinnusamy
V, Bansal KC (2012) Genome-wide classification and
expression analysis of MYB transcription factor families
in rice and Arabidopsis. BMC Genomics 13:544.

Koca H, Bor M, O" zdemir F, Tirkan | (2007) The effect
of salt stress on lipid peroxidation, antioxidative enzymes
and proline content of sesame cultivars. Environmental
and Experimental Botany 60: 344-351.

Li XG, Li Y, Fang F, Guo F, Meng JJ, Xia GM, Wan SB
(2015) Isolate on and function al characterization of
CDPKs gene from Arachis hypogeae under salt stress.
Functional Plant Biology 42: 274-283.

Lindemose S, O’Shea C, Jensen MK, Skriver K (2013)
Structure, function and networks of transcription factors

IWAQ 50 /Y o )lols [ @m0 5l 0590 /o9 98 Sl

involved in abiotic stress responses. International Journal
of Molecular Sciences 14: 5842-5878.

Llorca CM, Potschin M, Zentgraf U (2014) bZIPs and
WRKYSs: two large transcription factor families executing
two different functional strategies. Frontiers in Plant
Science 5: 169.

Ludwig AA, Romeis T, Jonesl JDG (2004) CDPK-
mediated signaling pathways: specificity and cross-talk.
Journal of Experimental Botany 181-188.

Mittler R (2002) Oxidative stress, antioxidants and stress
tolerance. Trends in Plant Science 7: 405-410.

Moieni A, Mirzaee M, Ghanati F (2013) Effects of
Drought Stress on the Lipid Peroxidation and Antioxidant
Enzyme Activities in Two Canola (Brassica napus L.)
Cultivars. Journal of Agricultural Science and Technology
15: 593-602.

Noctor A, Mhamdi A, Queval G, Chaouch S,
Vanderauwera S, Van Breusegem F (2010) Catalase
function in plants: a focus on Arabidopsis mutants as
stress-mimic models. Journal of Experimental Botany 61:
4197-4220.

Ohsugi R, Hirochika H, Ichikawa H, Komatsu S, AoKi N,
Nakamura H, Hakata M, Asano T (2011) Functional
characterization of OsCPK,; a calcium dependent protein
kinase that confers salt tolerance in rice. Plant Molecular
Biology 75: 179-191.

Pandey A, Chakraborty S, Datta A, Chakraborty N (2007)
Proteomics approach to identify dehydration responsive
nuclear proteins from chickpea (Cicer arietinum L.).
Molecular and Cellular Proteomics 7:88-107.

Pfaffl MW (2001) A new mathematical model for relative
quantification in real-time RT-PCR. Nucleic acids
research 29: e45.

Rushton DL, Tripathi P, Rabara RC, Lin J, Ringler P,
Boken AK (2012) WRKY transcription factors: key
components in  abscisic acid signaling.  Plant
Biotechnology Journal 10: 2-11.

Sanders D, Pelloux J, Brownlee C, Harper JF (2002)
Calcium at the crossroads of signaling. Plant Cell 14: 401-
417.

Simon B, Sheshadri SA, Nishanth MJ (2016) Stress-
Mediated cis-element transcription factor interactions
interconnecting primary and specialized metabolism in
planta. Frontiers in Plant Science 7: 1725.

Tai S, Liu GS, Sun Y, Chen J (2009) Cloning and
Expression of Calcium-Dependent Protein Kinase (CDPK)
Gene Family in Common Tobacco (Nicotiana tabacum).
Agricultural Sciences in China 12: 1448-1457.

Weatherley PE (1950) Studies in the water relations of the
cotton plant: 1. The field measurement of water deficits in
leaves. New Phytologist 49: 81-97.

Wu WH, Liu WX, Ratnasekera D, Wu JJ, Wang C, Wei
FJ, Zou JJ (2010) Arabidopsis calcium dependent protein
kinase CPK10 functions in abscisic acid and Ca®
mediated stomatal regulation in response to drought stress.
Plant physiology 154: 1232-1243.

Yao QH, Hou XL, Fu XY, Gao F, Jin XF, Zho B, Xiong
A, Peng RH, Tian Y, Xu J (2010) AtCPKS®, a functionally
redundant and positive regulator involved in salt/drought
stress tolerance in Arabidopsis. Planta 231: 1251-1260.


https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.2.7
https://mg.genetics.ir/article-1-93-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-10 ]

[ DOR: 20.1001.1.20084439.1399.15.3.2.7 ]

OSas 5 A L e

wed Ol BT Slam 3T (S 9 culld p (Syeh I

Zahedi H, Tohidi Moghadam HR (2011) Effect of drought
stress on antioxidant enzymes activities with zeolite and
selenium application in canola cultivars. Research on
Crops 12: 388-392.

Zamani S, Nezami MT, Habibi D, Khorshidi MB (2010)
Effect of quantitative and qualitative performance of four
canola cultivars (Brassica napus L.) to salinity conditions.
Advances in Environmental Biology 4: 422-427.

Zhang H, Liu WZ, Zhang Y, Deng M, Niu F, Yang B,
Wang X, Wang B, Liang W, Deyholos MK, Jiang YQ
(2014) Identification, expression and interaction analyses
of calcium-dependent protein kinase (CPK) genes in
canola (Brassica napus L.). BMC Genomics 15: 211.

VAR 50 1Y o )lols o200 35l 0,590 /(9 98 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.3.2.7
https://mg.genetics.ir/article-1-93-fa.html
http://www.tcpdf.org

