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ABSTRACT

Introduction: Triticale (X. Triticosecale Wittmack) was created by doubling the number of F1 hybrid chromosomes between wheat (Triticum
spp.) as the female parent and rye (Secale spp.) as the male parent. Investigation of the plants reaction to water shortage is systematically
considered by identifying features that are related to drought tolerance subjected to the physiological, cellular, biochemical, and molecular bases.
One of the main subjects regarding plants damage under drought stress is the accumulation of reactive oxygen species. Plants possess enzymatic
and non-enzymatic systems to prevent oxygen free radical damage which are using them in an adaptive way under drought stress condition.
Changes in the expressional level of antioxidant enzymes and the concentration of these enzymes, as well as increasing their activity, are among
the very important changes occurring in the cellular level as the result of facing drought stress. Considering the role of the superoxide dismutase
enzyme in regulating the amount of oxygen free radicals in plant cells, the aim of the present study was to investigate the gene expression of the
superoxide dismutase enzyme with copper/zinc coenzyme under drought stress conditions.

Materials and methods: Two genotypes of triticale (sensitive and tolerant) were subjected to drought stress conditions after establishment, and
their aerial parts and roots were sampled at 0, 12, 36, and 72 hours after applying drought stress. Drought treatment was applied by weight based
on the soil capacity of the pots and by daily weighing of the pots. Each time point repeated three times where the plant shoot was samples prior to
plant root. This experiment was carried out in a factorial manner and with a completely randomized design in the greenhouse. The expression
level of the superoxide dismutase gene with copper/zinc coenzyme was measured in the samples using the quantitative PCR method.

Results: The results of the present study showed that the expression of the Cu/Zn-SOD gene is affected and changed under stress conditions. In
general,, with the increase in the amount of stress severity and time of stress, the amount of immediate gene expression increased. The changes in
the expression of this gene were greater in the shoots than in the roots, and the shoots responded faster to drought stress. Also, between the two
sensitive and tolerant genotypes used in this experiment, the level of Cu/Zn-SOD gene expression in both roots and shoots was higher in the
tolerant genotype than in the sensitive triticale genotype.

Conclusion: According to the changes in expression and amount in two sensitive and tolerant triticale genotypes, it was generally determined
that the superoxide dismutase enzyme is an essential enzyme in the plant to respond to drought stress and also to create tolerance in the triticale
plant. Also, according to the changes in gene expression related to the Cu/Zn-SOD isozyme in triticale, it was determined that this isozyme is
probably one of the active isozymes of the superoxide dismutase enzyme, whose expression is increased under drought stress conditions.
Keywords: Abiotic Stress, Antioxidant, Electrophoresis, Primer Design, Gene expression.

Article Type: Research Article

Avrticle history: Received: 10/11/2022, Revised: 23/11/2022, Accepted: 01/12/2022, Published online: 26/12/2022

Cite this article: Saed-Moucheshi, A., & Safari, H. (2022). Superoxide Dismutase Enzyme Expression in Root and Shoot of
Triticale Seedlings under Drought Stress Conditions. Cereal Biotechnology and Biochemistry. 1 (4). 481-
495. DOI: 10.22126/cbb.2023.8680.1033

@ ® @ © The Author(s). Publisher: Razi University

s d- ) 10.22126/cbb.2023.8680.1033



mailto:saedmoocheshi@gmail.com
mailto:saedmoocheshi@gmail.com
mailto:saedmoocheshi@gmail.com
mailto:hooshmand.safari@gmail.com
https://doi.org/10.22126/cbb.2023.8680.1033
https://doi.org/10.22126/cbb.2023.8680.1033

O

(SO 9 9 (5590 95T g J

Sk YYAY—O1Ye 3 S I UL

SR oaiign 9 (539999

Homepage: https://cbb.razi.ac.ir
S i | 50 Ay 4zl (o1gm plail g Al ) )0 U goum Sy a0 o0 35T (3l

T 5o dibgr 97 i geacl (o)l

(S3MES sy 5 Ghipel wlaind Glojl coltileyS il gael wilio 5 (55,5l (B59al 5 Dlandw 35 s (£l 5 ooy5 Dlindow o Ghegly loliel T
saedmoocheshi@gmail.com :aslL!, . o)l 5! coliile S

coltile S 55 ysliS sy 5 (Bipel alihond lajl woliile S gl (gl e 5 (53,5l (50 5 Slinhons 35 50 cailo g baJSimr Sl o ool T
hooshmand.safari@gmail.com :aslL], . !

ouus

&yole Wy ylazeas (Triticum sPpP.) posS v FL) 0 en slopgjaeg,S slaas ol il g0 alewgas (X, Triticosecale Wittmack) S 5 saoniio
4 (6 e Caoglie OIS 4 o oL (1l aS 09, o Sl IS 5 (6,0 Az 4 Az g b el ool Sl (6,0 Wiy leicas (Secale spp.) lsgle o
LIS QLS il ST J slaaiss gazs Si5 25 Lulid o bl a4 ol Lol e 5l S asl amils Jase sba i
Ol e j0 ki s S 55 b )85l T Js 4 g ST ol laISs]) Sl 51 S5l sl (oo 3T g oo slapis
o (S 55 1 Jobe )0 4 Gl gage jlom Sl aloz 5l Lagl cdled (Rl eizen 5 Lol ol e 5 oI T slaen 3T
Gan b5, ooy anllie sl 9 50T ST IS0l e elass 53 ymnsteaSygos 5] iy a5 b 98,8 oo olaml (g b cslosi
g (i i Ll Co 55 e w3155 L U gem ST w3l bgrse 05 Ol Ol s

i oil o bl sy 5 e slaplil 55 ad S 18 (Sas (5 cow il jl ey A5 (a5 4 Jomie 5 Goles odsi 59 ats) 5 olge
S aw los 2 Sln 0 ()P D)ge & )l p Kged Sl A Az b S )l ge (SiS 25 Jlesl o Sl VY 5 YE AT
bl 2 (39 Doge @ (i e b sl 4ty Sl 65l dges I i oS 2lse pll 5l (g)lon diged izren ol w8 Sl 50 aBlax
85 ol SRS o ol S il o by s 0w inlesl ol s S el Lo olS il i b5 eSS e 50 2yl
2295 6503l (o8 PCR (s, 3l oolicil b laaigas 1o (55 e 0233155 b SsomdsenST g 05 ol o5

G5 by 5 G Oliee Gl L IS pb a S oo i g i8S 18 S o 25 llph 0 CUIZN-SOD (5 ol o5 ol ol gl ity
Ols Gl (a3 5 @ e 2lon el 5 0 St ady) 4 Sl (58 a0 05 nl Ol Sl Ol 355 T Gl 05 ST Ol ke
ooxite adgi )0 (2lsm plail jo 0o 5 ady; ;0 o2 CU/ZN-SOD (5 oo Gliee talejl (nl 5o ooliinl 550 Jooxie § ol Galish] 58 (2 (izeed
Sy S pebes 39 5l SV

Sl bl 23 S 5B somonanS Ty ol 45 0l (asiiie A2 5 Jaims 5 ol gl 99 50 e § Ol Dl & 4z g b g pSames
WSz 5 55 CUIZN-SOD lisinl & bogeye 0 Olr Slieei @ 4255 b izpan sl Sy 3 olS 0 Jood olm] (izpan 5 (S5 (15 & Gy
Sl a2l o34l QT I PP WS I S UL SOV [ T PUWEIR VUL JYP VW r"-.’.}ﬂ Jbs 5L¢M|}5}J IS Ml)'jﬁi o) Yoz a5 a0 8 asie
05 et st G5 ol (7L 5589 2SI eS| ST s ls slaesly

gl e 4llio g g

VEV /0 5o OBT LT VA - by VEV Y Sl VE 1/ AN edl o iallio g8

s i baylys 0 A 5 azelS Llse plail g diy ) 10 g donS g w3l Gle (VF0)) ¢ gyh0 5 T ¢ i genclis roliotu
DOI: 10.22126/cbb.2023.8680.1033 .£AV-F20 .(F) V .odé oo g (555925 g

@ ®® oy © &5y o&ils 1,5k

BY NC



mailto:saedmoocheshi@gmail.com
mailto:saedmoocheshi@gmail.com
mailto:saedmoocheshi@gmail.com
mailto:hooshmand.safari@gmail.com
https://doi.org/10.22126/cbb.2023.8680.1033

FAY FAV-FAD (F)) VPN e o 5 (5335iTam /06 o 5 sz gedeles

39 Cel)d 13 (D55l g y9 Cuglie Y o Shos (gzran
Lulyd jo 5 anilioe e plo 1 ity (sl Oliee S
FB i SE ed s (S pla ame gla s
o+ 1 (Serna-Saldivar et al., 2004) o s slaka >
Slml 5l Baa g Cul pay el ald (53890 o aigS
or 145 ool 039 clly s g5 wgllae lio oS 3 o]
Slhw 5 a9 )5 Y ol cllB Ll s
Sloai syl 5 00d) Sl A 4y o g poiS 5l alls ogllas
o 2l Al G 5 laeils (ol Sl oo ool jlogla
P Sk el ally 90 2 Dleogas e 5l (oS S
Gl Jlosle ol 1y LliE sl 03,518 4 g3 Ca
A Coglae ( S > oot (o S s )55l
Doty oS hié Ola Lisl g lo (o lom dy Casslio oy
| e Sleogas olls @l 5 g o) asly
24 Jo 5 (CIMMYT, 2004) e & ol poiS
S8 Los pai 50l 1 X go dr G S a S gl
Al G0 5 0590 50 an gl slo imgin ai)le 58 (o i
Oettler, ) e I oo pla 3 IS 5 50l 9 bg,lecply ;o yidan

(2005

il bli)l Sa s Joz b a5 Slho Soletnw
9 bt g Joko e el Sl o oS G
Sa S S Saglie 055 o0 plowl Dlao (ol (JoSge

5 o S Cho S Al (e 0,8 4y pamis g oolw Cao

doddo
10,03 Slofeg ool Sl sl BlalS e o
2o banlio ol e s pymaw g adgs op i
Oszed Al Jalge il oo Il Lis jo el olalS
5 do > Sdgpe il e e 5 O lulyd 4 6,550
Lol ool bae b 50,8 Loe g lo T (g lag K50 S 5
03ga 5 how 3 Gl il gl odee oldé e G lgiea
U.ALL S > Oe S izmen (Blum, 2006) el
Moore ) cas | 0,55 5 slosrg Cantl 5l s plo S5
(ol Bl 5 sl slo,eas 5l o s o (et al., 1995
aa)fu_nu...nb. e Gl poe e v o Ae 5l
G S o)l Lo G ctS g s do o Ve 4y SGop
1o 5 JE 51 s L5 losgas Jlisl 3 T, e
ol O ) s job s Ll jo o%g 4 yludl olae
S Q) PR U P PRS,  T-R VN IV VR SV SRS
op g b fye 3 (LubsS alex 5l Slis slwos 518

(Chenetal., 2019) ol jics Lo

Vo o5 d s o0 0992 Llo 9929 b adgl sladllS 5
4 Som laz 5 &ls (ad 00952 5 b o Sdee Sleay
e B 4 5 0395 b p0iF L Zulb, il (]l S s
S 85l OLSle 9 So3 Gli 8z o1 055 ol o
a3l 31 el e o ond b yme Sy 5 pl5,1 ol

k5>3ﬂaao ULM (_g‘)b 9 0l C)LO‘ “5(:‘)) uLo..o )‘ G)LM)

! Claviceps purpurea



FAY S a5 balys 0 Al 5 azalS lse plail g 4ty )0 sbgennsnnnSTpow w3l Glo

‘sz oo DNA alez 51 Jolo SLaS 5 51 (6 )k
Sy S led ;o ol sl £ e aen 5l dg)lS
shls oo LS (Ghozlene et al., 2014) o5l o Jolw
Sl s xTskr sln ool 2 5 o3l Slapians
O b )5l ol 50 g e STl la IS,
oS 8T sl 5T ol Jlade )0 yod aites  Sis
e oF o b Gl | ot 2o 5 o 3 ol cale
o A ok )0 85 Sl (pope sl Dl alo
O 1008 (oo ol al (S 2 58 S ple g (S5
Lyl am o5 af gl ST 2 ar gl o &l
Saed-Moucheshi et al., ) o 5 0 590 o |15 i

(2021
POD APX CAT SOD wile a1 51 (gl 51
mho gl > o B b 4o MDHAR ;GR
—eo el GlalS o) 3 s 9T g aenST
TS LV O JY PRVE JUVH P POURRIRUIIL S SNPWIRGE
Saed-Moucheshi et al., ) s o H2O02 g JoS J5e
S w3l Gt s 3 (S o SUgemd wnST s (2014
B0 i o jo gilann ST i yulp yo eolai |5 )50
Sox 90 2L S gok ;o lasle daes 35 ol LS
Ui L lo ety sllio b SOD af gl ST 51 .o
Elot | bl anil o Blizis slap Byl )l s
o 1olsi oo lo 0T Jle 3 slacules o 557 se 5L 3

i el ose Sar e B bagla Slu_;_;]

ol 5 olaey Jawgy a5 wil g alides o b ooy
Sle Jlas (Ahmadi et al., 2010) sgs o 255 o3
sl ST T a4y ilgd e S5 i oS wilesls oyl
sl el o Jld 5T e IR 0l g 050 e
P g A 5 el & GHB ) G jlenad gilae S
oo e 5 S A5 slades T an o Teontiny
o+ 1o (Noctor et al., 2014) sos SIglis sloss] )
S ) g Fie 918 Sy RalS g oad ey badl g, Ll s
oall e b bvdi 5o, ol dn s 0,0 5 0 Dyg0 oL
ax 0 5 S (ladgie C8b o oy SansT g0 cbale
halrd etz o 098 (oo NADPH o 2 (2l381 )]
2l 3925 09I pdy 12 NADP ogamme i
o SIS s 685 STy a5 canl b 45 ol il
Pl oS Oyge s93 2k polis o
e D5 0l sgzy piats Sl o LT slaj,
Oor ool 5 Sy plgrear wilgioe O ST ol nle
s «Velikova et al., 2000) ss,£ NADP .5l
st ile (ROS?) (e ST oo sloal 5 g 26 4y y2eio
9 (H202) 55,00 & 0 515 ((O2) o ST o
e ST e 8 loai 65 L 5l 098 (OH) S 0
Aot o hosled g pee Job shlo (390 STy
Je 5 sleasss ez (Velikova et al., 2000) wib o

ar Ol 2 Gl igd oo ddgi S b jo A 5]

2 Reactive Oxygen Species



FAD FAV-FAD (D)) VPN e o 5 (5355iSTom /06 o 5 sz gedeles

2 laplals O e (6)lae& b ol (65l ] (Sas 1
sl e sl A5 lre ol Jlesl as 50 cod )b s
Al A dS Glas s asye Cud b as s B Sis S
YY oV A ol | o oyl cpl as bogypo (5,0 pdiged
Ot o270 el ar e 8 Jleel jlaey cels
o Gl aiges o oloy S o Sl ws)lo paiges
G 3955 90 0 slaydy o esliul lzme IS5 4w 5l s
Sl S goals JuS Laylyls o Sd slaglals o
b azals )aiul o boyd (ol e 5l am iags 5 cis
A 050 T ¢ S g9 Al ey (Sl slalals o
09 ol |9 (S 59 Dyge 4 ajles Jleel o Jlocl

B o lals ailyg) 40,8
slo ol j )0 (LS plsz lacdl 5l )l paiged 51
Sz male (3595 b alolidly ol sl s 550
IRVRV Y PSR I 4] P R SO PP W
Sl sl (ol 5 (S x b I RNA gl 5ol
I gl | S 5T RNA 2l | oge o alovl
RNA cu a5 w0 S o oolatwl cangjbs o8 0
o i a3 00 gl IRNA 5 2 Jg e ¥ loie
sl TBE -0 3l pow v e 5654k sy
Sloslis TLRNA clle (pizman ad ais, 585 25l
Sl oo o Lo Djgo 50 5 0 (sl o5l o
<!y DNase jlas 5l .88 )13 eolanul 5550 ylo o)y

oolazs | ool C\)ﬁdm‘ RNA 30 (P 6[415(5?09.‘1 B>

Ssrome Jols SODouss awslis slo g8l
Mn-) 5z 36 (CU /[ ZN-SOD) ;bgeun 38 duan ST g
a5 be (Ni-SOD) JS .55 (Fe-SOD) yo 1(SOD
,»S0D L 5 la 1(Ghozlene et al, 2014)
Ol hl B glo bam o 4y (2STy o oL sla sk
e T olo LS glis g5l 10 o] e Lt ooims oL
Ol 11, SOD Glo el (LS jsbay | ian Ll
4258 b oy e ) deeSTsw oGl b oes oo
092t 5 gy jo > dzllas 1 B0 oul 83 Cllhae
b 56 gonmsd0mS gm0 o 51 4 b ye sla) ool Ol ks

3555 99 50 (Kb 5 G5 & el 53 9y s

L o9y 9 dlge

Gl Cuigy dm slie jlodn T o o ar @l 5l eolaxul b
g i g Jloy uls g0 0 Slas S ejlul b Al 5
Slaslosl )0 e o 00l (5503wl o asls rizxen
= 355 9 «Saed-Moucheshi et al., 2019) .3
SELTCC-1 1\ slo iy al K 5 Joio § (ol
ooliiw | 9,50 (glai S olosl ol ;o (ET-92-18 0¥
oo g0 el bl &g ar ialesl Lauid 513
O S g (Al 5 a9 99) qudgiy ,nS 1 el
el VY 9P OY mha 4w gaals mhw o S5

o9 Dl jo ol plzsl LSO an b s Jlesl 5 e



fAS S a5 balys 0 Al 5 azalS lse plail g 4ty )0 sbgennsnnnSTpow w3l Glo

A plxil ke eSS cu Sl eslas | CDNA
b Joe gad plail w505l Gl sabl jslaieas
O sizr ) oads oo Lb ol gla 55T 51 soliad
S50 55 Dlalad S 355 (6l 5lpe iy (slosea; STy
V5T U5 9y GRS g U e e 0l L
9ol e 9,80l Wolog pgrausl b o (giumal S5y duoyo
31 STy ol 5o eals samlice CDONA &ilalad 5l solatul L

Al Jols laeds] i oo

DNase |l .5 lise,d oS 5l oolaiwl b jelaie o .ol
6l al oanli s RNA lix o sloail g ol plx il
Sl sl algai b oos35 (Sl 092y pue I el
b 5 SOD oy ol sy (eobas! lo,S5lel ons
5o b glals 1ail g a5 Lol 5o alwl PCR
o di gos 4SO aduie witd odalie agiy slo Sogll
5 Ca S Al 5l e ke DNA ogiy Sogll lyls

Jol s )y ol gzl gl GLRNA il coeS

S5 9 (EF1 cmsgigy y9518) (1o J oS o5 s pesly 4 bgspo g -) Jou

Ay Bowigif 3O (ow) 9590 SOD
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Figure 1. Electrophoresis of 28s and 18s rRNAs in aerial samples of triticale genotype

number 1 under normal conditions (LNR) and drought stress (1ST).
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Figure 2. Polymerase chain reaction (PCR) using primers designed for the SOD gene in
both studied genotypes of triticale separately and under drought stress conditions in roots
and shoots after 36 and 72 hours.
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Table 2. Two-way analysis of variance as a factorial test for the relative expression value of

SOD genes.
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Figure 3. Comparison of the mean relative expression value of SOD genes related to selected

triticale genotypes.
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Figure 4- Changes in Cu/Zn-SOD gene expression in response to time after treatment
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Figure 5. Comparison of the mean relative expression value of Cu\Zn-SOD gene in aerial

parts of selected triticale genotypes.
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Figure 6. Comparison of the mean relative expression value of the Cu\Zn-SOD gene in the

root related to the sampling times after the stress.
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