\OY ol P ol fem e Sl /el ol Mol anliiags,

Sl b e 5 (8559 ple oSl
i ool ol asliagyy

" g3 A"
s HD-ZIP ¢ MYB-related SOS2 (g5 (ommd oyt & pani onns g 40
S350 A5 Lo (g s NS

REVES SO PPN P TG Ve POV PAIVPRIWY S LA LN PR VOSSP | RVPIE L A SN [ PPUe S SO NPUPA L 4

drog) oSl grubs @lie 5 (535S 21515 (2L S5 5 A5 09, «cs5gliS (659 5iSTnm A8 (ol S S ol il -
(r.darvishzadeh@urmia.ac.ir : Jygue odismg) cdwogyl oKl ¢ gz molio g (65)9liS" oS0l ( BLS K§ g A5 05,5 coliwl =¥
apog)l o8> (o lie 5 (69l 02823l ¢ BLS S 5 Mg 095 (S pdite 9 J9Sge Sim bl Mol (6585 (ggrmatily ¥
ol oISl ¢ mo golie 5 (535S oA «bLS (S5 5 A 09,8 ey Ll ki IS i gol il —F
VE- <IN 55y gyl VeIV bl g
VPO B VY iaio

[XVES

Jal pas Gryb I (5590 8 IS o0 U LS )3 Jgame adgi Culed )3 g gad g ) 2 (SR (dame S,
ol 93 0 yl,8 )ab Cod 1y Joame gl gniluanS] (W65 g (giomw!] i (T gm0 U polis Cudw) (Fuiro g0
Alisco byl s ,3 HD-ZIP g MYB-related SOS2 (glbyj ok ol pmds (2819 boj 53 PCR (5599855 (655,15 4 b andllae
s o yy3 (ICSA3 g AS5305) (g, o310, Slid] ilisee (w¥ 95 ;5 (o y i) owd VE 9 VY A 0 oY) (5 om0 i
A ool (6 ygm5 T JWos! 3 u Solus £A 9 YE Y U gloj Jla 53 (S A als o ;0 LS S 4 51 (5,13 paiges
7545 (HD-ZIP g MYB-related) (5,15 pasuns Joloe (ylgie 1 9 (SOS2) JUSpw JWS! 13 chnt j paf (g iT i B35 (o
g1 Ggliie (590 (AT &1 Fowly 55 andllan 3550 (Y 5D (w3590 0 w2 Ol BN (ols S Bb e
BT AS5305 (¥ pd ol (i3] bes (o 390 Blie WYl pd a5 w3 o0 S (Y 95 )3 LS by Gl dunlie
9CSA3 w¥ 45 ol (iul58] (ylise bl )3 duslie olio 45 39ad 50 8093 9CSA3 (¥ ;3 by (Wil aSuls 45 ! 2Ll
Coglin puailo ;3 by ol Cude LA goaadylis gl il (Joosie oY) AS5305 (¥ 1 sieS (wlws 2Y)
T 53 (§ygu ST 43 AS5305 oY Canglie sl by adllae ol 55 K3 Byb 1 il (gyau ST 4 ol S
3903 03wl LS ZW! 53 (65905 42 @gllie Sy P )| Mg )3 59530 (¥ 5l 098l 1o (0 ¢ JUge

95 A1 QLS (5,13 e Jolgs iyt ySunsilyF Oy (8 y9u0 41 Joo ¢ 2By (o 3 5] o (o2 158 S W23l

[ Downloaded from jcb.sanru.ac.ir on 2026-01-02 ]

[ DOI: 10.52547/jch.13.39.152 ]

Sl (LS slodshs > 5euS] Sl slapsd g
laciond | (il 4 g510ST ol Corgo lap b o]
A ombe A Jlo 3 gl Cumer (YY) 2535 oo Jola
S 05 Gt ol s plejbe 5 Mae 31
g e conl pY gl 3 (S5 o0 o J Gl
oli8l doyd Fe sl dnd 90 (b (5j)5liS Y e
sl bylSaly o palal 5l (o Joodie (alS a5l
So9d Joo5 (W) sl ()98 i 5 Sl (o2l 53 Mg
SN s eSS 5 0 gl oS 2Uly cdds
Lo 5 Jbxs clocSas 5 oYU il sgvg Ll o
Joily (il Joos )1 (So Bl Shwgin,
oSS dons ) &S Cawl (gyau S Cod ol (6wl
Wlo bajlyBile by ok lage 5l am
9 (oD g ) AT loslsial Uw‘)mwf
(VF) a8l o 51 ( .

Col (98 & poles des LS o oSl

99 9 M) 5 il il el gy9d a5 (NN
St 5 (5 Sy 2 Gy >l (S 4251 (10)
@ gl boj cnl Sl Br oS el s 0F Ol
) Seensls i olS Caplas b Caoglio syl 5 i3

Aol
2 sl Sl 2050 (555 el blod 1 g, (slaails
Helianthus ) s, L8] (YY) 35, )18 cucnl pgs plis
sy ab LS oy yiene 51 (S5 oleis 4 (@nNuus L.
OA) sl Jlas g0l (o2 9 3gkd Al (2lS
aly g bgw I dm (Slea Mg e 9 CudS ) aw L
35 B wej el g LIS pgmen SLaLS Chs)
Cusl (et GBS (n e S S a9 A5 (V)
Gite fl =l QLS Jpame CudS g e p o
OLFEmy SS9 98 dg2se ol elelp )5 s
(VF) 0350 oz gdaw pd LS o 55 2aiS sl Jolos
Ogeben Ave ) (o) (e 05 (31 51 (lod S s
Ogedee VB D93 lpl 3 (YY) WS (e 3 |y (S
oS b cot jodS Colue l aop Ve Jolee S
Sl (G2 9 ol (A5 93 5l (S5 (6x9d sl (659
Ikl cel yed bl cov gjeul GBS (0)
Siis ol 4 e g dede (S slacél
P S Cangeune N3 Gy S (o 35 Sl
& )5 3bul maw ohg b bog zexd S
Spbiee ok Sdplie slajiSly > S cege
Gl (S 5 Srol Glagis agl SISl (V)


http://dx.doi.org/10.52547/jcb.13.39.152
https://jcb.sanru.ac.ir/article-1-1257-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-02 ]

[ DOI: 10.52547/jch.13.39.152 ]

2055 Gl 5 ooy sslol ¢ 30l o iS5t ellise (KUl o3lj sty Lo papp 056

oy

Na* Lg.\;gmf d")“o )‘ d)'.a.w‘ wa d])i Na* )l odlazw|
9 CoMigigh )3 &Bly (oot i (Bl bawg BeSly (9,0
obe Sl Gimgn cpl 3 (V) 90 NA© 35 (¥
$38dee 05 gHD-ZIP 5 MYB (cgig) Jolo 93 (oo
s Y g > Real time PCR .85 |, SOS2

aol 02l (o)l (5y98 4 Dglite STy b s,

- gy, 9219

G5 Sglize STy b ooyl alls oY 5
ol aopY (V) wads obal oY Voo gl g0
(5355 4 o) ICSAB 5 (15,55 4 Jaoxis) AS5305
=hi SB G 93 b (Sl gl (V Jge2)
WAl 5 S Lyl )3 duwsls Capd g g 05 Sl
539,51 ligiod duasie I loppY i A5 azals
1Yl b aldS s bS5 gy (INRA) auil
098 b g 20> PO (qd Cagby S Blo 42> YO
V6-V8 dls o b atan £ Cso 4y yo8 [ (S50 sl VY
Gliseo g o5 oL (S A dlsyo 3 28 gy
W W) A DY Ghe Jels NaCl 5l ik gyes
b Sy )l paiges MBS )5 oy e j o
b syoi i Jlesl jl dm celw FA 9 VF OY & o loj
@y A R 4 g cd)S pbxl glo ol I eolina
L1 Jize 3,5 ol
¢DNA jiw g RNA gl yScia]

Foslimal b iz ole > S <8l (53,5 )39 5l (g
RNX-Plus™ oS’ 51 aslizwl L RNA gl el (mlo o)l
»oodile &858 JSgn b (Olnl (sS85 59)
01 gyl RNA oS 5 o )5 pbosl 5 s
235 gy 2oy VBT 5 g sreseSil ol |
el jl sl b gty S5 CDNA s () JS3)
(Fermentas, Lithuania) LIFE SCIENCE#K1621
Gole o s Ko 0 1l [ ol plosil (gl 28,8 plos
S ol zlganl RNA e S & ol yopy 5ElS'y
Sl San \ o 15 5y i 55l e Y 5
plogl §l any 33,5 ablal bgbs oyl 4 AT oS S5
slod ;0 4By B Gk & dlge (9l g ¢ b o0 il
23090 sgl o (95 Sy 5l gy 285 )15 #0°C
(WS 593 5 0bsS (loj b (SS9) o3 pSSp9 S B2 59
VooX sty Bl e See ¥ e (085 el
RiboLock™ Ribonuclease Inhibitor 51 yulg,See

RevertAid™ WJ)JT )a.aj9)§v.a ) ;()».J9)§~o » J>‘9 Y')
» ly Y-+) M-MuLV Reverse Transcriptase
@ (Ygeike Vo) ANTP Mix yidg)Sia ¥ g (35S0
(slly Sui yiloo ploxl I dms 3,5 BLSI 3o (ol o
) FY sl o celo S @as a4 dlge (g9l Lo
oS Bl ax > VY (glod p> 4ady O Gde 4 g 3,5 b
9 cDNA jreom ‘)4...‘5]5 Couo () y dl).g A5 edly )‘)5'
oSl 5o b J,uS glgil o 0e3; DNA & ils  (Sa4ll
4,5 a1 jeShe CoS ol Sl Jeallysiey b

DNA & otigds o (slooution s ol 5 islei o
P S Wl byi glo wdal 3 1) e 4B &S
P S s elge il liixe drgi (S
A5l oo jloiiy DNA & 0859 Juale (slapiigy j diwd
Gk o] Ol wdalS 5 (gt B () e Jalse
Ly 0255 Jub ol 5l o)y 5 o) la i 4 e
2 el Jolos cpl (AYOY) )15 osge 0 (omgig) sl
Gk Ly el ) A el slacdl
5 Vb Ol OIS o Syoe Sy 4 ey Sy
by Slhe Gypo a ) A5 4 Sawl slag) ol
Loy > il Sl aled o J 58 Jiuwe ©)j50
g il la i 4 gl ) ugisy Jelse BB
o gl Gl @hpos Jelse cul ads
s WRKY MYB &HZIP AP2/EREBP  sleodlsils
Giliseo Jolge 4 ol LTy 3 a8 oad il NAC
6 syl ptins eloe 5 ool S e oS b 135
O s canlie ysbo & Lol 0088 (gla i ol s
@ Jood byl aso)l (olyj g Jae plalS 5o s
SpeVl |y ol ol 1eS slos g (6)98 (St
()
P i b pass Jole K lais HD-Zip %))
slagpSyn ol I (aigy oS X o lals
) Guf oD 5 Oedgiesr Jold ol (uSlgiese
aigoligwl oaileadl £+ ol uSbgtogn ymed .ol 3L
Gan DNA | baas 45 ool oid el s Jlgi b
oS aiel bl FY=YD ¢ umg) Coj Cped 5D D9 0 cuS
Syt S8 S5 )3 Kigdoe Jold 1) (3003 Cai
4 b HDZip il o Sesle sy
S MYB aalgls (Y5) 3)ls st i oo (sla i
I o nrese @ohes Bl 5l g (25,5
s g don 3 & Nedoo Jold ) Loty
olye & MYB lagyyy yide (I b 4 )b
s g (V aawly 4 g 1S (o0 Joo (omgin) Jolos
oS (R) JixaymN o1 clslis MYB (gl S5 51 (g poie
eIl 5 (DNA 4 Jlasl) sl DNA L L)) s baes
b (Y dleie 6 Xsle oS oaSan bl
Ogn (soal Cld s Jotuwo o Jlse - C)M
ol yj gyl (LS (gl Wgd e Ao
(YA) 3zed R2R3 g5 5l MYB aisls b MYB (559
«yd gy Arabidopsis ;> MYB odlgls jl guae s
il (gladil b ot ) 48 ol 01 plolid Lgws
@ Gl Jobo Bighse 9 (Johe & dex I ol
2 SOS2 (YA) $5)l> (il (st e g (sha) S AS
S SO (300> o b g8l e LS g0
Sy Jlei=ConisS @las (ad Sy Jlis N
plo b cS,lie 5 SOS ye 5 Bigy ol S e
& () Bkl Ga iliwgiess walal cage by
SLie 4 Jualo (Sgmad i olSl 3k 5l Jolo Na’
(Y Na* 3959 3905 dgia 32,k 51 L NAT/H lewdl


http://dx.doi.org/10.52547/jcb.13.39.152
https://jcb.sanru.ac.ir/article-1-1257-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-02 ]

[ DOI: 10.52547/jcb.13.39.152 ]

25 o g oIl Jalowd ¢ oo 2L ( SS0gai0 adlise oL o0l ingyd Loy ¢ypapmme o
OF Sogh L Cov by, o, Skl ;> HD-ZIP o MYB-related SOS2 (clay; (oo ol Olpais (oaoy

P Sden ST 85 Sa b JaSly (V) g

Fdg)See FIND Jold &S g See WY LS >
Maxima SYBR Green/Fluorescein gPCR Master

Sy g ey oSl I Sy e il g S <10 Mix
(P 9s5we 0+ +) CDNA yidg)Suo VYD ¥ 909,500 V1)
Rotor- ol p» g 5ElSe 5l gole Gl 5ulg)So ¥ g
V0 oled (aaby I odlizul b (15,01 (y5LS) Gene Q
Foog oSl @ A0 adgl gilecddywly aidd
agb Yo o8 e d 0 A0 (glod jd 4l VO ol as o
a3 VY gl (o asl Feog S5kl ya aske lod )
PCR (ot plasl j i .5 plo] 5,5 b
wolais] el cuns 4 o5 e lp wgd g eSS e
S b 2929 L PCR iSly ploxil cu bS5l (092
RS glredygld ogd (e T (S I S
sodly 0500 Jloy caa (Y JS5) wad sl PCR
15 55 05 ol 4 0 05 ) RT-PCR Jf ol
Ohgy 3l eslatel b s gl lyuss o .03,5 solatl
plogl (1) Szl 5 Sy by ond 4yl 2784°T

s

09 (site SIS -V g 5 3lge Jold bn ]S
UiiSly slial eles aS” Reverse transcriptase o 3!
& g s dlatwl Reverse transcriptase o3l > 4 jiw
e JyS Y g o DNA L (Sgl JyzS jglaie
ol & (Negative template control) I g0
A5 a8yS L 3 RNA 5o 4 iiSTy glinl eles iiSTg
Y og STy dlge 3 (Sl il Sy &S
de>90 yoge RNA ;I solawl b CONA jiw Cute Jyus
i STy ploxl coma I pliebl lp &5 S
A pbol cuS 0l 8 b Jeadlygiws 3o CDNA
Real Time RT-PCR 514

MYB- 5 HD-ZIP sla/5 o 565 (owyp o
9 odj gy lawy eus b sla)S5lEl 5l related
Ol adlles gly (Y Joio) ad oolazwl (F) o) Sen
ol o e o8 Jlg 1wl SOS2 1 (e Ol
5 oolizul b olais! sl S5lel 5 0,55 NCBI sleMbl
Primer- ((https://primer3.ut.ee/) Primer3 (sla,l;8ls 5
https://www.ncbi.nlm.nih.gov/tools/primer-) Blast
https://oligo-) ~ Oligo  analyzer 4  (blast/
L ol (analyzer.software.informer.com/1.0/

Canl 0 bp JoSge i8S b Jol giw ndiges 5l oolaws | osd gl el RNA (gl ao > K 5,51 U5 53 559895580 ol =) S
(Fermentase 8 i) Cusl Ve o=+ bp slasly Jolis o
Figure 1. Electrophoresis results on 1% agarose gel for the extracted RNA. The first column is a molecular ruler
(ladder) of 50 bp containing bands of 50-1000 bp (Fermentase Company).
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Figure 2. Melting curves of studied transcription factors (HD-ZIP, MYB, SOS2 and Actin) in real time polymerase

chain reaction of sunflower plants under salt stress. In all curves, X axis represent temperature (C) and Y axis
represent the dF/dT ratio. dF/dT ratio is the derivative of the function ‘fluorescence vs. Temperature melting’ that

represents the rate of the fluorescence variation in the reaction.
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Table 1. Morphological characteristics of AS5305 and 9CSAS3 oily sunflower lines under normal and salt stress conditions
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Table 2. Oligonucleotide primers used in the real time RT-PCR
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Table 3. Analysis of variance for transcript variations of MYB, HD-ZIP and SOS2 genes in the studied oily
sunflower (Helianthus annuus L.E) lines at different times after applying salinity stress

Mean square (MS)

Oy a Degree of freedom (d

R T 9 (dn S0S2 MYB-related HD-ZIP
So9d ¥ Avra/ve™ WA/ WYV
555 ) VOSFYIYA Y lovt AR
ol ¥ ARV YOY/VE™ YESIYA™
Sr95 X g ¥ OFENAY™ Y-$lov® Yo AE
K9 X o )Y Fasa/ey*e Yo¥/-A™ Yra/Aa
Oloj X Gaigis ¥ FA0v/oF™ VFV/PA™ VOAAS™
$r5o X i X loj WY AAARYAY yro/satt yyo/s-**

oLzl YA s/ /oy Yol

(CV) Oy oy Y- IvE VEIVY AVEIVY

oY )0 2ed e odmline lo iliel > mals cse il 4
Oeiedjed ¥ (9 > Do dily 53 g fo g (e o
ol (Y 93 dawnlis j (¥ JSS) b sdalie o p
sl AS5305 Y by Gl sdes a3 oo
olei 9 s > Ol GRIFB! Olise dualio ) 5 Conl 033l

il 0 9CSA3 pY 3l i AS5305 Y p blie

oV Jleis] pdaw 3 I gime i

SOS2 5 ol (w2
OAY 5 3l OLiJ SOS2 05 e ol t.59§'” R
WA lagyon 0 Odo didy 13 5 o oy jowd VY
Wl Gl 0F ol el 4 Cans e lerj o
P logad celw YA o Glo Gldl oY cpl jo ol
2 (YJ Jiw) A odalie B pRe p pees j owd VY L5)9""
o obgS jl Calisee (sl ylej 50 o isl38l Loy dunlie


http://dx.doi.org/10.52547/jcb.13.39.152
https://jcb.sanru.ac.ir/article-1-1257-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-02 ]

[ DOI: 10.52547/jch.13.39.152 ]

gy ul:. 9 Ol.))l.) J&L@ul o> WYY ‘@lﬁsm JQAIJ.& Lgul; ‘°J‘}k):;ﬂ3)‘) Lé) 9y a}ﬁlé

VOA g GhS Cov gdg,y ols,Slsl 3 HD-ZIP 3 MYB-related SOS2 (¢la )5 oo oyl lpoii (o
200 +

; 150 A

b

3. 100 -

(%2]

o)

(97}

450 A

e

3 .

2

3 0 e

2 5 8 11 14(2 5 8 11 14(2 5 8 11 1412 5 8 11 14
6 12 24 48

AS5305
Sl S 5

(cebo) Gloj=(52e 2 (mior) (o3) (5r9

2 sesod W g V)Y A DY) (6y9d o B ) (pglie (1Y) gy old,50kél AS5305 Y ;5 SOS2 15 oyl (oo Y JSCs
(6 i Jleel 3l am (el FA 5 VF Y &) slalo; )0 (520
Figure 3. Expression profiling of SOS2 gene in AS5305 oily sunflower (Helianthus annuus L.) line (salt tolerant line)
at five levels of salinity (2, 5, 8, 11 and 14 ds/m) at 6, 12, 24 and 48 hours after applying salinity stress.
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Figure 4. Expression profiling of SOS2 gene in 9CSA3 oily sunflower éHeIianthus annuus L.) line (salt sensitive line)
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Abstract

Numerous environmental factors affect the growth and development of crop plants. Salinity
affects crop production through mineral imbalance (toxicity or deficiency of elements), osmotic
and oxidative stresses. In this study, using real-time PCR technology, changes expression levels
of SOS2, MYB-related and HD-ZIP genes were evaluated under different salinity stress
conditions (2, 5, 8, 11 and 14 dS/m) in two different oil seed sunflower lines (AS5305 and
9CSAZ3). Leaf sampling was performed at 8-leaf stage at four times; 6, 12, 24 and 48 hours after
salinity stress application. SOS2 involve in signal transduction and MYB-related and HD-ZIP
act as transcription factors under abiotic stresses. According to the results, the expression
pattern of all three genes is different in the studied lines in response to salinity stress.
Comparison of the two lines shows that the major increase in expression occurred in line
AS5305, and where an increase in expression in line 9CSA3 is seen, in comparison, the rate of
increase in corresponding times and salinity is higher in line AS5305 (tolerant line) than that in
line 9CSA3 (sensitive line). The results indicate the positive role of these genes in the
mechanism of sunflower resistance to salinity stress. On the other hand, in this study, by
confirming the resistance of AS5305 line to salinity stress at the molecular level, it is possible to
potentially use this line in the production of salinity-resistant hybrid cultivars in plant breeding
programs.

Keywords: Oil seed crops, Real-time PCR, Salinity tolerance, Transcriptomic changes,
Transcription factors
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