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Abstract

Objective

Drought is the most common environmental stress, which approximately limits
production in 25 percent of the world's land. Drought stress causes changes in plant
morphology, physiology and profile of genes expressions. One of the effects of
oxidative stress due to drought stress is damage to telomeric DNA. The
predominant mechanism of telomere conservation in most eukaryotes is dependent
on telomerase activity, which prevents shortening of the chromosome end. In the
present study the expression of telomerase gene has been investigated in two

sunflower tolerant and susceptible genotypes using real time PCR technique.

Materials and methods
The inbred lines; ENSAT254 and LC1064C were planted in a completely
randomized design with three replications in the greenhouse. The plants were kept

at 100% crop capacity up to 8 leaf stage in terms of hydration. After this stage, a
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number of pots were kept at the same capacity, but some others were kept at 80%,
60% and 40% crop capacity. Leaf samples were taken at two times; 7 and 21 days
after stress application. RNA was extracted from leaf samples using RNX-plus TM
extraction solution (Sinaclone Co., Iran) and real time PCR was conducted using
specific telomerase gene primers. Analysis of variance and mean comparison were

performed using SAS 9.4 software. Charts were drawn with Excel 2016.

Results

The results of the mean comparisons showed that the expression of the genes
encoding the telomerase enzyme in the sensitive and resistant genotypes of
sunflower is different, so that the expression of the gene encoding telomerase
enzyme in the resistant genotype (ENSAT254) increased significantly compared to
the sensitive one (LC1064C).

Conclusions

Since telomerase plays an essential role in maintaining genome integrity and
stability of cell cycle, therefore, the higher expression of telomerase gene in
tolerant genotype (ENSAT254) compared to susceptible one (LC1064C) probably
suggests that this gene is involved in resistance of sunflower to drought stress.
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D55 (o L3> slage) o) Y0 53 lgi Cadgizme carge )i 5k & & Cul (lame (5 (s (Sis 1
(S 5 Sl g e olS 0 b ) ol blgn g T «SFolsge 50 Sl Sl el (S 15
ol 4 atunly g S ST )5 peghi bais LI pandlSo 395 o (600l DNA & Gl s a8 ol gl i
4 oleos g palie o] 93 )3 Jlhesls (5 (b aslllas (nl 53 33,5 0 poigessS Slal b olisS lo &S sl jlyogl 51

A5 objy Real time PCR SuSs b aé g, o, 50k >  Sis
B0 S WS 5 S5 T L ol MelS g B )3 LC1064C 5 ENSAT254 el sy 1l 49, 9 3lgo
Sl abye ol J) an D45 (£S5 (o) bl a0 Voo S35 o] Cumdg Bl (S A dbye b lals
bl LYo g JE e JAe Sid (i o ol Lol (dals sla aige) Bad (6)1eSS ely; cud )b len ) laglilS
glpl e85 plsl wali Jlogs 5l g (35 Jlesh s o) VY 5V loj 99 50 b Syl gyl diges ai8)S )18 ol

Real time zSly 5 (o) crolSluw 8 55) RNX-plus ™ gl 5l Jabxo 5l oslital b 5y (sladiges ) RNA
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51 ookl b Lo jlos 1x0lee duanlio g Lol uiljly &y i b )5 plodil jliesl 5 (aolais] lez)f)'u‘j 5l eslazwl L PCR
WA ey Vo V8 @S Excel b o lyges .85 plosl SAS 9.4 158
Ciglaio Ob)igl:éi polio 5 (wlus (sla uigif 4o 5lyegls m’.}ﬂ 04888 5 ol lise 3 L (ke Sl lie gols :@b‘.ﬁ

oles g @ Cons (ENSAT254) pslie casgs o jhesh mupl oSS o5 oo olie &5 (5psbay ol
bl li8l gl xe yebay (LC1064C)

Oil38l does 13 )y wlal 58 Jolw (gad 1> 13 pei (o)l 5 (S5 )L as j> 5liegls M}fl 48| 5l :‘5);4.9593
o5 <y 5l (S Yl (LCT1064C) olus cwigi b awlio ;5 (ENSAT254) Joxio cuigii 53 jlpesh o ole
Al (S s« Ob).ig\:éi Cooglis jd 399

ws8ly oloj 93 5lye b (sl o puas; STy (St 4 Canglio «gl as o cud il gy (sl Al yegli 1 gaMS (S 219

£93999,5 YN=YX=YY b adolod b o s alS Helianthus annuus L. ole pb b cly5 ol 503

Sleis 4 ifg) o ab ol D9 e et STed ey el bl 4 Bies oS Wil e Asteraceae gl
Col ame (5 opyals Suis (Abdul Rahmani, 2003) 5l 5,8 cuenl ped plio ;5 (o 0408 el &Y guaeo
bwgio b o)l) (Biglouie et al. 2010) 550 o s (slacyme 3l duoyd YO 13 055 Cudgdme rge oy job 4 45
Ol 03 598 i8S BB (Bl (o g 398 (o0 e Sl oy g St Bblie g3 yia oo Y5+ Lo (S55b o5
ol o o o5 ol BB 5 islen s «siglstige > Sl sl el (Sis i (Jajarmi, 2009) 50 51,8 bl
0593 oyl 50 g conl iy LS5 g (a8 loj )3 olS (S (A5 sgw I i J(Beck et al. 2007) 295 0
> 4 o33 cal Jsb > (Golparvar et al. 2002) sl o cagloy & ol i Shin b glajen 5 5 s Ll
=05 a9l Bl (Simirnoff, 1998) wb o ials olS o)y Kis odle ol Bpan )8 puis g badiy oo diwn
.cwl (Reactive oxygen species: ROS) (j5uus] Jud slaaigS Lol O 5908 g (698 Jud jl s pé slo
Apel and Hirt, 345 0 i ¢ DNA dopSgy 4 sliwst o)jlud cel & siwn ow sl oS5 LROS
ol 5181l (ol 55 sla 28Ty 9 syt o] (U5 BROS pido 5 56 gl e (5 Lol (2004)
205 slde & LROS gy Jloy ulpd 3 igde LS cppd 5 dud gplinsyy & oo & Conl glidld 032

xS yob 4 bl adgs lude (25 loj 3 Ll Kgd o0 W55 b poj ST 5 NS s Mgy S (ygn o laSolu]
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Sadyy & Bl oo Semtan g Gres (sl pllas b (iS4 Jooxto Ly (o5 Jpamme o 1,k b oo o33
Llos Olo S Saes g cpp; sbaY Gl Of Wl K el pblS b amlie » (Sas Lils
03,8 iy JolS olS a8 ol Sloj I ieS (odg,y My Jol slaole p3 410, 50k8] 3 pae Ol e (Khajehpour, 1991)
Y pae o Jade (aLS s g e gaw Gial3El g lauoe (slod (39 Vb e & dn 4 5 JSUis aloya 51 g 0L
lopgiseg)S sl > & dzun (dlofiy LBgnglSy cl)lBlo (5 slejesl (Gomez et al. 1991) 5,
lopgig00)S slasl Jlail 51 o] &8 US cnl 4 bl oo opgigag,S| (sloidl jl cblis cagli (ol (15 3,5 (0 )13 (s
23 Bpgigeg)S g (b M 53 (pizres Jldle (ul WS (o (635 gl cunlial (slo STy plo g (D WSS (SIS 4
9 wbolKe o dtn glice & Jlasl b yogl e (Autexier and Lue, 2006) s)s (i85 joce 5 joue puwds b
2 i iyl 8 ol Spglome y3 45 alay] Gl w3 5 (Kupiec, 2014) aus 15 lapgigag,S guomo cpSisle
S o Latiiie ) Jole mands iladd dlaws g 03,5 Joe (J980g0 caslo floie 4 cpian ool (KollAr et al. 2014)
Lan, ) S o (gjlailoly 1) Jsho 008 (5325400 2 S yo o5 355 o0 (Jsho (9> o i dbmi] s yogls Jobo (05 oligS
ks > 4 8-0X0AG iyl33l 155 o 2))y o] 8-0X0G s 351 5 yoss DNA & sislau] is (2009
3,8k 5l cwilos g TRF2 4y JLasl b )18 ol .l ol o yosls Job ials L DNA (slajl cén )3 v 55 s DNA
g ) Sgs ST 55 pogli bais CIe punil$o [(Kawanishi et al. 2004) 5,5 o plol DNA 008 auoy (slos il
sl gland) SSV ol T ol @ly 23 133,500 pa309,S Slal (15 oL glo &S el jlyogls 5l Clad 4 sty
8o Sl S il s Sy legli il (Li et al. 2014) 23,5 o pisag,S (b olisS glo g dmd e S
p s b [y DNA Y (bl cus )5 cpbs g 030313 oS lgie a1y 593 L3 L 13 39390 RNA Wlg5 0 &5
S St (15 Jlao o polio (slo cuigs g5 a3l 0 RNA & aisly jledy DNA g5 4 jlagh o551 ols
2988 (b @lie B> 3 oljun Cuenl pglie sbag) JUSI 5 Sf (cwdins 9 S59I5SSen laidey xS Gk
03285 GiSly SiSS b (Sits (1 4 glise STy b i) Sl i 93 5 lpesl 0 ol adlllas il o 3l

Cawl 03wy (Real time PCR) (8ly oyl ) 5,0 (b (4!
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59, 9 3190

bl p Sis (i 4 oglise iSTy L (LC1064C § ENSAT254) g, o, S0kl (L (pY) cuigs 9
LY x VY0 (Sl (ol algial glalals 15 4k .05 a5 (National de la Recherche Agronomique; INRA
o8 ko dnyd YOEY clos |y GBS ;5 bl L 005 S dule s Sy 5 Jgane SB o 93 S ytam
Schneiter and ) w8l 5,95 VO-V8 dls o b atin & e 4y 595/ S0, sl VY 3931098 b g 2o yd 50 ouns Cogo,
5 585 bl (L)) Caobs doyd Vo v (S055) Gy yobas ¢S 2 A= dli yo 4y s, b Lo A8 ples (Miller, 1981
S ey VY 5V glej 53 Syl sl pdiges 8 Jlesl (ols Cudpb wo 3 ¥ Fec Ar glan b (Sid (35 ds e (ol ]
Lab Jaze 3,8 Sl dayd —Ar glod b 5,8 4 b diged g 8 S plodl mle <l l eolanl b (Sid (i lesl ]

O3 ¥ ipges 5818 5 (S T e ipgd 98 ) ST Cuigi3 ¥ gl )5SE) g g @ Lol
gl Jgomo 31 o3isl b 5 (sloeisas JIRNA glsccal 1 Ll J5 a5 (olas MUIS sl )b b (552 4305
o3l &y (LS wiged ) AoM yob &y .85 plowl oijlo <555 JSSgn 5ib (oln] sl S 53) RNX-plus ™
day g 0 LSl diged 135 55> o & RNX-PIUS 3L 1idg So Av e s dd 0535500 93,5 malo il )3 )5 (e O
O Sde &y g 13,5 4Ll RNX-plus j5b g 1350 (s9l> o & Jollanls o 19 Seo <G 03,8 y9 406 V0 B Y- 1
A5 0> J1y8 Fu g9y 50 Al VO e 4y g 8Ll Jaloro &y py3s IS e Seo Vo L i 030> )8 5L gled j> adds
Ol e o e 29y 5B 50,5 Ml am 03,3 5auis ylo 3,5 Sle 4 3 F gled 53 g WWee e o3 b aiBy VO e 4 Jglxe
Gl dy w85 518 01,8 il dopn =V (glod )0 Celus SO e &y diged ()5 bglses I amy il ddls] Jgibigyg il
dgySae Yo g gt ZVO JSI L Jiols igusy G b Sgus y5los 3,5 ko a0 ¥ glod )3 9 VVeee o3 b 4adds VD
@il sl 48 03l 18 (6ole )3 ABB> Ve e 4y 35 Bl 423 FA (slod 53 g b 4Ll ey 4 SIS 5 ()le
oyy 9 ool ol I oslizul L RNA Slade g a5 edlil auoys 5 5,51 J5 5,999,580 5l o lysciwl RNA s
b e gl YA+ 9 VF e sagge Job o o

g Sl w3l bausgs ages 53T lgie 4 Oligo dT 5 JS RNA p55,Se S, jl eolizsl L cDNA Lo
Thermo Fisher Scientific ¢S L Transcriptase RevertAidTM M-MuLV Revers ¢l>s pb b osSxe
{-RT) Lito Sy 281y CDNA jiis Como 0 sl -5 ol ol &8 3 Joallygians 3:b 150 58 el

A a5 s s cute S8 JiSly 9 (NTC) o1 g (site J 8 (28T

VY-
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



YYAR (o0 5 592 o

Oligo7 il pp b ouS] Bb U of owzmer 5 el 0f oo oon ol S
Seim 5T 585 J55 5 e b 6 oy STy ) Jpi ) USE) s (ol o (ttps://wwww.oligo.net)
Maxima SYBR Green/Fluorescein qPCR Master ,uJg,See £/70 Jols a5 5Jg)See YW/ old o2 5o
Vo) cutS g cdy sl )SHlel 5 Gy 5l jidg e +/0 Ayl 98" w8 Lw Thermo Fisher Scientific cus L Mix
olSus 3 Sy Sl syle o tdgSee ¥ g (259,500 04) CDNA g S VYO () Jgia ) JS5) (1Y 909,50
Jols 48 > Fo g 31,5 lo a0 A0 )3 adgl (gjluwcai puly 488 V0 (4ol y 5l odlizul b (1S5 40l ¢ ,5LS") Rotor-Gene Q
b3 ploul 8,8 b 4 )3 VY (slod 3 agl Fe g S5leT Lamse (lod p3 adl Yo )5 Sle 45,0 A0 clod p> ail V0
OiSly pll Cap S5l (g eolatsl ol cusd 4y (f o gl g g iS5 e PCR (slocs 12 plail 1 ey
o905 Jloy cap 2iad gl PCR LS5 (slaosjgl 8 ogd it 5T 0 (S 6 SIS K e 2925 51 PCR
05 Ol Sl o 3, edlil (3 S8 05 olsis 4 081 03 5 Bl oy 5> RT-PCR ) Jobs (slaedls
6,8 alsol (Y++1) Livak and Schmittgen Lawgs oas 43, 2724CT (50 1 oalil b jly00ls
General linear model: ) ogos o3 Jio a9, b (3obas MalS )b oyl Jao al o5 oo Slyuss 0 jo
FIY ass SAS 58l e > (P<0.05) wop & Jis! maw ,» (Tukey) (So o905l b b u1Sike awslie 9 (GLM

85 ploxl

O3S (gl 0 gl Jyegls (55 oS IS Al Jlos —il
>

AAGGACATTTTTGATGTCTGCTCAGCTCTTCAGCCAACCCAATGCACT
CACAGCAATGACACATGCGTCGTTGGAGCGACATGCCTATATCACTCTCTTCACAA
GCGGCTCAAGATTC
TTATACGCAAAGCAAGTCATTGCCCACGAGTAAAGTTACTGAATAAGCATATCTITG
GATCAAAGCTCCAC
ATCTGAGCAATCTTCAGAGTTATCTTGCTCAAAACGCCAGGTGGTGTCGTTTGTATG
GGCTGCTTGTATG
AACATTATCCCCCGGGAACTGCTTGGAAATTGGAGGATTCTAAGGAAGAATATATC
TAAGTTCATCAGGC
TACGGATATACGAGAAGTTTTCTCTACATCAGTGCATGTATAAACTGAAAATATCA
GACTTTCAGTTCCT
ATCAGCTATCTGCAATTCGGGTATCATTCGGAAGCTTCTAGAAAGATGGACATATT
GGGTGTTTGCGTTC
ATTGTAGTGCCGTTGCTGCAAGCTAACTTTTATGTAACTGAAAGTGAGCATGGGAA
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GTTACAAGTGTTCT
TCTACGAGAAATCAGTCTGGGAAAAACTGATGAAAACCTCAATTGGATGCTTAAAG
GATGAATGTTACAG
GTTGGTAAATGTGACTTCTGTTAAACAAATAGTGAGTTGTAGAAGATTTGGTTTCTC
TAGGGTTAGATTC
CGGCCAAAAGCTAACGGAATACGACCACTGGCTAATCTTAAATCGTCATCGCGACT
GCAAATTTCACATT
CTATTAAGGAATTCAAGGCCGTAAATGTCGTTCTTCAGGATCTACATGCCGCCTTAA
AAGATGTGCAAAT
TAAAGCTCCTGAAAAATTAGGTTCGTCAGTGTTCAGTTACAATGACGTGCACAGAA
ACTTGAGGAATTTT
ATATCTCGAGTAAAAAGCGGATCCAGCACGTTGCCTCGCATGTATATGGTTGTCGC
TGATGTTCAAAAAG
CTTATGATTCCATCGATCAGGATAAACTGCTTCATCTGATGAAAGATGTTATAGTGG
ATGATCATCTCCT
GCATCAAACACACCAAATTATCGCCTCAAACCAACATTTTCAAGTGCTTCCATACAT
CAATTTGTGTAAA
CAGTTCCGATCTCATGCTCAGAGTCACTCATCTCATAGCATTATTCTCGATCAGGGA
AGAAGCAGAATAG
CAGCGAAAGATGATCTCCATTTTAATCTTCAACAACATGTGAAGAACAACCTGCTG
TATATAGATCAAAG
ATTTTACCAGCAAAATGTTGGCATACCACAAGGAAGCATTTTGTCTTCATTACTCTG
CTCATTCTACTTT
GGACACATGGAAACTACCAAACTGGTTCCATTTTTAGACAAGATAACCAAATCTGA
TTTCATGCTGCTTA
GGTTTATCGATGATTTTCTTTTITATATCAACCTCAAAGAAACTAGCCCTTGGGTTCTT
TTCCAGGCTAGA
AAGAGGATTCTGCGAGTACAACTGCAGCATGAACAAAGAAAAATTCGGTTTAAGTT
TTGACTTTGGCCAA
ATAAAGTCAAAATTAAACTGGTCCGATTTCGATGGAAATGGTAATAAGTTTGTTAG
ATGGAGTGGTTTGC

TCATCAATTGCAAGACTCTAGAAGTTCAGGCAGACTACACA

ool 03 ol spn sl 0l (S Gl SHET (Shy oseil 4o 5 Jlgs —o
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Primer Sequence (5'->3") Self- Self-3'
Length(b Tm(C GC ) ]
complementari complementari
p) ) %
ty ty
Forwar TTGCCTCGCATGTATATGG 45.4
22 59.12 6.00 2.00
d TTG 5
Revers TCTGCTTCTTCCCTGATCG 52.3
21 59.25 4.00 4.00
e AG 8

Sesl 03 Ol pn slp 0 (b oSl coslaiil (ygeil s —
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/)

>XR _002567339.1 PREDICTED: Helianthus annuus telomerase reverse transcriptase
(LOC110895733), transcript variant X12, misc RNA

product length = 246
Forward primer | TTGCCTCGCATGTATATGGTTG 22
Template 1977 oo, 1998

Reverse primer I TCTGCTTCTTCCCTGATCGAG 21
Template 2222 e 2202

>XR_002567338.1, XR_002567337.1, XM _022143082.1, XM_022143081.1,
XM 022143080.1, XM_022143079.1, XM _022143078.1, XM_022143077.1,
XM_022143076.1, XM_022143075.1, XM _022143074.1.

31580 ey b LS 5LET 5_ga-l,.!a =Wy 1D SUET (g1 duwd gliias] ¢l pogli (5 008 WS Al Jlgi Y S
.Oligo 7

Figure 1. Sequence of the coding region of telomerase gene, deduced for sunflower and the

results of primer design with Oligo 7.
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OFS1 (5 035 35 4 U (g1 0 (A b (51,5 5ETLY Jgua

Table 1. Oligonucleotide primers designed for coding sequence of actin gene

0 #U (01-¥") 5561 g Of oslewd b slod
Gene name Sequence of primer (5'-3") Temperature
melting
(Tm)
F:
Helianthus annuus L. Actin  GCAGGGATGAGCACAAGTG AF282624 58.8
R:

CCCACCACTGAGCACACAATGT

Flio > o o (giae Slreli ) Ol 69y 2 Olej 9 P (St (ol Blamd (oo (L uibly @ Jede
J9i2) 2L (o0 Jaigine (P0.05) 0030 Jlaisl gdaw 1> 05 ol g9y 2 Oloj X (Sutd X i) sl aw Jlie il
@ Bl (o Gglie ;03 el aw 4 (s I el Sy gobaw ST a8 (o Gl bl S (39 s (gee (Y
S (o S 3500 )58 golaw & din 551 S zobaw (s 45) )R ©)le
S 5 Jlosl s pow ain 3 oo 5 Jol atin )3 o8 ENSAT254 Joseio cuigiy o a5l 00 Ol ol
ol il 38l loj 90 dunlie > .awl adly iuli8l ely; byl asn Ar b duslie o oly; cud)l aspn Frog £ i
ole (=l )b o A Mo (Sdd (i gslaw )3 AL (o0 i pSedia Jol (6 aia b dulie ) pow (¢ wtin 3 ]
Sluglio A8L (o Snd Jol tin b sl )3 pow atin )3 oo (falS g (¥ JSU3) ol aidly (fals” Joodie 5955 3 0
¥robad (Sad G5 gl s e 2 gl ol o amd e oLi3 LC1064C ol iy 13 jlyaghi 0 ol 0oL
S A 0f ol Ol Jlie p ol adly el luad ol cudil aopd e I L anlie (ol cud)b dop
53wl 4Bl 18l elys cud )b opd Fe g Ae gl (5 L dunlie ) ol); b b do )y T aud (SUS 5 )0 pow

235 o ol () Gl ) (egmie QI (£l Cd)ls do ) Fo A5 aw )3 g o)
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b Sy PN sbowsy y> Telomerase () Cudgig) Olpds (wilyly 3o Y Josa

Swid i Jlos! 1 e S syl
Table 2. Analysis of variance for Telomerase transcript variation in oily sunflower

(Helianthus annuus L.) genotypes at different times after applying drought stress

Sy o PSS Claye Silke F (33 ine Jlaio! o
Source of variation Degree of freedom Mean square Pr>F
S 2 784.60 0.056
Drought
g 1 683.14 0.1051
Genotype
obes 1 841.14 0.074
Time
gy X Sl 2 498.34 0.1482

Drought x Genotype
ooy X [ Sas 2 290.90 0.3163

Drought x Time
obej X e 1 618.84 0.122
Genotype x Time
olo; X cudgi; X S 2 848.35 0.045
Drought x Genotype x Time
ialojl ol 24 240.789

Experimental error
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60
50
40
30

20 b
®ENSAT254

(Fold) 31 5L 05 cisis, Ol

b b
- B
c
o |_mm ]
80% FC 60% FC 40% FC 80% FC 60% FC 40% FC
7 (days) 21 (days)

Soles S 5

Sist i dlasl lda Oloy- Sis Jis odd

Y 30 gy OS] (ENSAT254) i & Josie uigij 45 Telomerase (5 by 5oN1.Y JSd
Field ) (£1); Cad b (FC . Suid id Jlos! jl oz oy ¥Y 5 ¥ (£¢ v Ae) Sid mhaw
.(capacity

Figure 2. Expression profiling of Telomerase in drought tolerant genotype of oily
sunflower (Helianthus annuus 1.) (ENSAT254) at three levels of drought stress (40, 60, 80
percent of field capacity) after 7 and 21 days, post drought stress application.

S o Ml (oo ol oSl e polie gl 2 05 e Ol Olej e 3 S 93 dunlie > il

O @ i ¥ Sglite (Sl I (S ol g canl glite adllae 3)90 cuSgF 93 00 0 ol oS AT e (e LS
ool gl 2dln olas iy ) it Joodte cuigf )3 jlash 0 Ol Loges @l Bbo (1" JS8) Al oo (St
(69 St Alan 055 5t gl i a3l andl blsyl (ibgy b Sl ) (Sits (5 4 Canglio b lpesls o Ve !
OYgaxe (3550ke o (gyob 4 dian lea 3 (2 SV gaze palS > Jle (ySere 5 ondgl oS g Loy
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Figure 3. Expression profiling of Telomerase in susceptible genotype of oily sunflower
(Helianthus annuus L.) (LC1064C) at three levels of drought stress (40, 60, 80 percent of
field capacity) after 7 and 21 days, post drought stress application.
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