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Abstract

Introduction

Wheat is one of the plants that is important in terms of diet and business, and the global demand for it is
increasing. One of the harmful and dangerous stresses is ultraviolet light, which affects the growth and
production of plants and leads to the production of reactive oxygen species, which are very toxic. The present
study was evaluated in order to investigate the effect of C type ultraviolet light on seedlings of three varieties
of wheat in order to identify the systems involved in transmitting the defense message of this plant from

biochemical and molecular aspects.

Materials and Methods

The experiment was carried out in a factorial manner based on a completely randomized design with three
replications at Mohaghegh University of Ardabil. The investigated factors included the first factor of Control
and treatment with ultraviolet light (type C with a wavelength of 254 nm) and the second factor of wheat
cultivars (Sardari, Morvarid, and Gaspard). Type C ultraviolet light stress was applied at the stage of three-four
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leaves for 20 minutes and then sampling of the treated leaves at zero, 1, 2, 4, 6, 10, 18, 24 and 48 hours later.
The treatment was done.

Results and Discussion

The results showed that the quantitative activity of peroxidases in Sardari and Gaspard cultivars was not
significantly different in front of type C ultraviolet light, while in Morvarid cultivar, this enzyme increase had
an upward trend from the very first hours. Also, the results of the qualitative examination of peroxidase
enzymes against C type ultraviolet light showed the number of 5, 6 and 9 peroxidase isoenzymes in three of
Sardari, Morvarid and Gaspard wheat cultivars. Qualitative analysis of catalase enzymes in Sardari and
Gaspard cultivars identified 4 isoenzymes and 3 isoenzymes in Morvarid cultivar. On the other hand, in DNA
electrophoresis, the effect of type C ultraviolet light on the DNA of three wheat cultivars showed that DNA
breakage occurred in Sardari and Gaspard cultivars 48 hours after treatment compared to control samples and
in Morvarid cultivar, from the first hours after treatment. Investigation the changes in expression of genes
involved in metabolism such as hexokinase and plant defense such as PR1 in three wheat cultivars as a result
of treatment with type C ultraviolet light shows that the expression changes of these two genes in Sardari and
Gaspard cultivars follow almost the same pattern and 10 hours after From the treatment, they have shown a
decrease in expression, but in Morvarid cultivar, the expression of HK and PR1 genes increased from the very
first hours.

Conclusion

In general, the results show that the increase in the activity of peroxidase and catalase enzymes and changes in
the expression of PR1 and HK genes in the path of transmission of ultraviolet light C type in three cultivars
Sardari, Morvarid and Gaspard gives. DNA breakage along with other changes in wheat indicate the possibility
of programmed cell death in wheat.

Keywords: Catalase, DNA breakage, Gene expression, Peroxidase, Programmed death, Type C ultraviolet
light



F-0A (FIFD NF) (aLS Oladg

https://plantproduction.scu.ac.ir/ ’,
ISSN (P): 2588-543X; ISSN (E): 2588-5979 ‘
Doi: 10.22055/PPD.2023.41508.2052 ‘s.:ebf Oladgs

VE A0/ A el s fu,b
g Ao

S 30 33 S50 o 3T (B2 ol 95 2 (UV-C) Gy (519l anidl 550
Qb poaS ok ol (552 540l

TG0l gy 1ALy ook K3 545 008 Ghkiler gl 155,505 1,0

Ol s )| e sl B olKitils ¢ srds gilin g (55,9LiS 0aSiiils  BLS (i g ogi  wiita 09,5 «(55,9liS (65909xSTgm o )| ol IS ai-gal 2l -
el sl e shies ) e oSS o md e 5 (53,518 ouSitils alS (S35 5 aulys oo 08,5 < Sge S35 ~ bl o 5 S5 Y

R

3 (S el Gl Il 50 o sl Sl SLadli g 0,1 camal syl g (2I0E 055 Sl 31 45 il SBLS alox 5l puiS
O3S S sadiss adi &1 e g 001 5 il Coxi 1 ol g g by oS iblaoo il 5T yole g8 STb ks g s gl
Sl oS 8 dus SBAZALS (59, 5 C £98 Sikis sTglo 19 sl (o) sgliiods pOl> g D9 o0 hiimtnd (St ylis 45
@ 904 GilojT .8 ) )58 U551 0590 J9Ng 9 (o laowiion anir 3l ol cl (L1 ply JUL! jo o oty (o3 Lasliedd
998l Jgl 59351 Jol (a2 390 (510 )9S 1 ot |yl o ) Bl oLl 50 )50 au b (Boloai MolS 5 arly 0 o956
£ i (8lyglo yg8 T 3391 (3,LmwlS 9 1 ylg 0 puS pB,l g3 ;535 9 (1Rogili YOF a0 Job b C g99) iy (slyglo 59 b ylows
N FF XD Gho glagle 50 0ol jlowd GBSy 51 5y piged (s 9 93,5 Jlosl 4B Ve Loy (5 2 )k —dw al> 30 0 C
&y3bo 195 Jaliio 3 ,LewlS g (5,510 pur 61 33 1 jlueunS Ty 5S Cidlad Sl L gl b 5 plowil jlous 31 s el FA 9 YF )A
ol (§3ga0 yas gl Silelow lad 3 gos 5T Gial381 0l e 5lg 30 085 50 45 G190 33 (il (5l o gl C g g5 iy
21y @Sy 025379321 97 B Slaasi i iy C g9 iy (gl 598 o 3o oS T3y (loes 3T (S () 3 S (i
85 30 9 0231930 ¥ 0 lemslS 9 (10 s pB 1 30 (GIYBIS (gl 3T (S (qawy 2 010 LS 0 )lpaolS 3 9 515 50 €531yt @US 08 s
45 210 yLi puiS (o8 ) 4w DNA (59, C £95 iy slagle 399 531 DNA 35589 5551 3o K50 Gy 51.0,5 (adien Iy o 519521 ¥ 0 g po
Sload 31wy addgl bl (ylod 31y lg p0 18 53 9 LS & G jloud 31 (g, el FA 00,LeawlS 9 (5510 yaw o8] 59 DNA.  SoiuS—is
U Hlowd 3150 pusS o8 ) duw o PRI wiilo (oL £0 g jUuS9 350 wiilo gl 5o im0 by oyl ol i qawy 1 el 0010 &
el 1+ g WSS 00 (590 S S 31 T 5 0,emilS 9 (6310 s 0081 33 (35 99 (2 3y Sl psis 8 Wil ;0 € 95 ks syslo 395
(S sabas .cudls 138l adgl wlelw loa 5IPRI g HK (45 95 oyl ey slg 0 pd ) 5 Lol .ailosls (Lol 095 51 (gl GidlS' slous 31
lzgle 338 el JUSS! yruano 30 HK 9 PRI sy ookt oy 9 53YBLS 9 (g 3hmmaS Ty (loms 5T Cllid (i l581 45 a0 g0 o)Lt gyl
E589 Jloim 51 (L pusS’ )0 ol it 500 of oty DNA (SUunSls 23 (00 €5 9)kels’ 9 92519 50 ¢ o 035 dww 50 C g8 iy
Lol puS 53 (Jgkus 00l (532 40l 52 S po

C g9 iy l)glo yi cond (53 ya0l 9 S o GYLL DNA Sl GlawwS Ty o35 oyl 1o jlgunds

385 008 idesles o 1 shena odiuw o %
jahanbakhsh@uma.ac.ir :4etll

@ © 2023 The Author(s). Published by Shahid Chamran University of Ahvaz. This is an open-access article distributed under the terms of the
@ Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
BY

reproduction in any medium, provided the original work is properly cited.


https://plantproduction.scu.ac.ir/

Jolis god 3l alie slacadse ;0 DNA  (SuSls olals
23 Sl o gl 5 alad S5 g9l Y S e
35 S o 3 b o W1 5 siilen Sl 505 5
Wang) Coulodds (5155 0508 5 (i slysle 558 (b dlo s
(et al,, 1996; Young et al., 1997; Wang and Wang, 1999
el ples by chlisie (slo 25 4 ol dly i 5 50
arwg 3l coge (S Cal d)sféaalf‘a)ﬂosowojm
el Jpazme p Byl CdS (59250 a5 Wl g (55,9la8
LI a5 conl pouS aloz 5 )5 DY gz 5l (g ko o 00l
.(Van de Wouw et al,, 2011) a5 s alie S255 ,L5La
ool gz o SemlanSTas sl )lS g ke slls lals
Al ollS el lapiuw aiil o o1 sl 01, il
S 0B aS ol ol T el y5enST b slaog S
s ST Glls slaakauly g o1 sla JIGol, e ,S
(SOD) ;b gou3auS T3 gus «(POD) oSy o ol 31
3o Al slap Bgnl O jsods a5 wiis (CAT) YUK o
o9y 1y ST JUd ooy Sl 9 Wgd oo ol oSl
oiley Blas 4 ¢l (LS (Mathé et al., 2010) wisS oo
SlopmnilSi sonS] S5 (slodisS aa Sl o]
heome it o i plp po 5l @l |y (sesass
bz QLS L anolie ;o Jooite GlalS 5 g wiiS oo 2550
aibge sl 8 Slast Gl gbs piew slls
odel o5 ole 5 g 5L (Abedini and Hassani-Daei, 2015)
Obe (Ahsani et al,, 2019a) o aiS Ecoli ,uSL 0 )b
Mboe Gamaiz 9 S89e [P S S5 slag
g ) Se 4o 5 obe «onlpls .(Masoudzadeh et al., 2020)
e (Ahsani etal,, 2019b) ol solais! cdl ,o gl p
@locdl plo ;o 585 S8k ples ;5 o5 () DY gane jlade
R NINV-pEE IR I Y R
bl Sleladl 51 S5 (Mohammadabadi, 2021) 843 oo (5
aslllas 5 golaidl Slao b lad e slo- g 9 oy asdllae
Jafari Darehdor et ) Coul ceg3509,5 b (Joluw o ;o Ll
Slyste y98 DI gy (g% pl plxl 5l Bus (al, 2016
@bl oz paiS olS sleazalS 69, C gy ian
Soplal ol b 2l ply Jl o e slaptinn
4z 3l DNA (55, o] 3l gy ogdle jskiie oy s
Sl Called 5 Gl (o S8 @ O 55 aleordipe:
48,5 )18 2byl oy9e YBL g sty wiile glis b dass o

doddo

gl ys 5 (glos S jsb 4y a5 el ol alex 5l paiS

5 S 3 90 dngs Sl )0 o )siS )0 peas 4 ol
Silodgo ool 8 1) Glusl 5l 050 (I 5l ey S g 28,518
@ oo el ol e g 005y sla yias (Beasley et al., 2019)
SlaiSesly Jols a5 0550 G5emST JIb slakisS o5
STy 9 (OH) apuSgyoun JGol,) (-02) oS ygm
b baiss auS o S8, onije g ok sla s
] DNA 5 ol S doad doiyatis g 4 ¢3S
Singh ) a8 oo guilacnST i adei (ulyd 4o 9 il o0
S o Jokw oads 53,4l S e (Gill and Tuteja, 2010
o dely 53 5 LS 503 Jsb 0 5 el sk JBS anl b
selaenST slo i 5 (2 sl e 5l (ane slo i
e Jelse 51 o (Breusegem and Dat, 2006) sos o &,
50 (Sl ol 4 sl ity (glygle joi il cegee 00
Syl Sy yo (Pirietal, 2011) ol Jolw onls 53,
w23 b "CAD pb a 5LlS 35505l G LJoay DNA « Jghos oo
weya>4 UV 4 (Depinto etal, 2012) 545 g0 JB3 5LulS
OieeST JB3 sladisl adgi 4y o C g5 i slyole g8
losj 50 corms| DNA g bty ¢ Johoo (sLaS 2y a5 095 0
b 5 (S8 sy yie> olge 5l eslaul (Pirietal., 2011)
bolyl 4 pglie (g)lon glsil 4 pglie sloan)ly olml el
Sladgs 0 wa Sleogas 59y cum Sy e ogllasl
Saeiahagh et al., ) cewl ous e calizee blai jo (55,4laS
LC gy i slysle andl jlos a5 ausdl jo lasos (2020
ool b Lol ions pH oo el e 50 JT slaonsl Laa>
((Jalili Marandi et al., 2012) s ls Sius 050 £95 41 lons
slacadss ;o Fl (nl wedoe (AL il olerdsn
G UV-C anisl (Kurdziel et al., 2018) cl g0 ol
aS by (Rasaei et al,, 2018) oS’ o)l Jokw slaslic a1,
ol e 3 05,8 o 513 Sl sla il St cou lalS
Js)jlod.: | ow OLS)OGL..JQ)JM) DNA ;mo
Shals g wls el wd, oy il Oletais diges o)
, (Narici and Casolino, 2015) Wigis o, | b)) 0,

! Cysteinyl aspartate-specific proteinase (caspase) -
activated DNase



baY VE) e oF o)l ¥ al> o alS ladss

Olojee yobas laie OT b gt )b cpaiz g Glain
95 Y50 1+ ¥ s Jolome g o0 ¥ (59000 STy
B 6‘09.9‘3 (_SLQJ.'L welw w.».) Sga> )‘ o R c\...?u) J)
SYBLS o 31 s (6,80 5lail g 0 0030 5 e Ao
) 5l e o oola | Anderson et al. (1995) g, 3l
Gladed Slio G jllacnsn sk 5558525 J5 0055
T s ied STy Jslons e ol b s bl iz
Ghie O b gt & )b cpaiz 5l am woles j0 28,5 13
J5 4 a5 8 5 s prnlty sl
o din ) 50 555045 glaail adBo Ve 5l a8 ol asl sl
Dellaporta et a8y ,55 og, 3l DNA zl,5uul >

059 0 00l y0gy (slddigad 4y lal .al colaul al. (1983)
eod 99 s 22,3 Ve g Jolw 5 3L 5l e 4 il
9 KW 00 o GA‘)TAJ LDAJ}AJ O A aslsl (SDS) u_:l.oJ}_..)
a8 FO ey o 5 ilw ax 10 70 &l > b ol ple> o
Sdedy 4880 40 590 Vv e [0 ladiges o8yl s 3 I8
O N a2l o8 il a0 F 0 ad 85 V0
30 5 S (36l gles o Jols G, dadigad §euts il 5
Lbdgj.w C,.Z.a..S 9 cdale B FUH ) J> Oy 05u3gsd u—‘
2 58855 5 Jeglli VP o Sl il Bk ol Sy
e V) 56y LTBE S J3L 50 55T aojo ) 5 s,
SIRNA 5wl jglaieas RT-PCR 5 RNA |5

SO ol o plosl ) el (28 s o] goleiian by, b
3 L5 s 5 JAS slatigad & SuF Jolone 51 5
Gl Gb1 sled [0 4dB0 B Sde g yiged JlS jeboay
9 4Ll p 9915 1y Soa Vo v Jolns digad 1 ay ¢ s 0
DB aB80 D ok a4 fu (59, 2 ol Al eoly ST ol 4
50 aido Yo Sow 4 11000g 0 lediges o 5w g <85
a5y s 5 005 pmiy il o il 4,0 F slad
ol o> o2 g o8l Jla! RNase-free loacgs
D oold )8 4iBs VO Soe 4 Gy, g 005 po ()]
a0 ¥ gled j0 4dds Vo Gae 4 110008 jo Ladsges
VO Jgilil LRNA Cgany ST aiois §aui ;i of 5 il

| u] )QQ W G )‘ o9 B N

g, g olgo
b Sobas SLlS’ 5k by 2 o556 30 bl 0l
olils (55 ,5LuiS oasiils olfiole;l g aillS o || S5 aw
6lyeaS .o S 1> VP I o (ool Gésre
09 b le g S wals sl jeSB Jolds (o) 2 950
£33 )5SB 5 Giegls YOV zge Jsb L C ) i slyle
00D Al Hedy g (0,LslS 5 W)l550 (10 ) piS o)
0 olaws a4y AlS (o Sgae ws lam (e Olaass (S e
O yhd 4y SzoS (Stdly Glapylals (9,0 o8, 2 5l 5 dae
355 o3 Ve i pulecen 2,0 B bolses (g5l a5y il
j)as.fl? ..\_.o)oa 9 u.».!).' ..\_.o)oa dwle S0 - ‘Golo
3P O Al (6 1oaSS ol F sl a0 YO gles 5 V-
Yo Soeds o Sy lez —aw oo 0 Coggl in slyebe
&,ld pdiges e .(Pombo et al,, 2011) w5 Jlocl azdo
O3l o ldigas (28,5 plodl jlaud 5l s el A 5 YF VA
N (6, =Y 558 s islejl ley B g oo o asle
S Uivg,y 5l eolatwl b YIS § slouSTyy slaes 351 cullad
Lglsxs lazl .(Kar and Mishra, 1976) ais (5 mSojlail | o o
S Ade S Ve g Yae 100 JBop Jolxe 2o ¥
g diads a8l_sl (Cuvette) g8 90 4y cou il digas o,lac
o3l &S 5 Smart Spec Plus Jaw) yogidg Sl olSiws
3O s I o o Jgloee ol 5l eoliiwl b ()T Bio- RAD
2 el ohg i e 0 233 2agil T zoe Jsbo
OeF9n pS ee o 00t Bpmae Py Jgeg,5ee el
Sz A A wlxe aaBo o pulS c’_‘>|).70_~u‘ Jeloxe
8+) HCL G Bl i s YID g YULS (s 5ol
ALl ()59, dnSTyy ydg S 00+ (pH=VIO Vg0 Lo
VA
9 Me—aSTy Slamlisnl) ey n 55589 25U aloxl sl
Hames and Rickwood, g, ;I (Native PAGE)(;¥LsLS
clle U 5 SO a5 ey cpay o sala il (1999)
o]l A 9o )0 Ve saisSTaz g o, A saiiS S ke
S A aged 2 Sl e S 9ySee YO (5 5l
ol S silw a0 F glos jo Ver 5L L 5,989 Sl o Sal>
3 omt lae—aS T Slamlisn! sk 5 5l Gl
Sloximo G 5l iSgn (b )89 S 5 05 )l



65N 5 (UV-C) iy (glysbo ansl 13 20, Ko 5 55,05 008 Lideslys baf

s 5 L PCR o STy sl 45 oo
s9s55lSs Jsb 3 'GCTTTCAACAACTTCTTCAG 3' 0
S5kl Gmen g o5 Bl 4z 0 DO/ sd gles Y+
5 'GGGGCGTAGGAGGAAAGCA 3' b Jlg Ly weSae
oy o5 il az )0 PV gl sled 5 VA (guiglSs ok
=, 9 SAS 1338l o3 5l ool l b eools Juloxi g 4y 50
i glie 25, olol Excel Jljiln s 51 ool b Lo oy
o3 B i laas )3 LSD (905 31 esliaol b loyaSili
A plo

Ol 2 98, % e Jlite 1 il )ly 4525 Jguor @ullas
Sley 9 poS pBl osl ST 5 g slaanST i 5l oy Clad
(Y Jguz) o o gime 2oy G Jliiol o 5o e Jlos!

0,150 60 P 50 STy 3T (oS S )
STy ol as ol LESTUV-C el Jlas jo paiS o LulS 4
@ Cod )0 o) e Gl G cele b ladiges o
ke U309, 1A YVY) i oy it 7S sladiges
Sl i b el G5l ls 0 08 jo .cudls ) (aids 50,8
o s iz 5 aglarST,y SIS Lo 51

J5 &9y 2 5099550 b eaigei 2285 5 J> "DEPC (g4l
ot ) o S 8 sy 0j90 903 VIO 5T
bdige I (golamo Jlado ay oyl clalé o5 g RNA claS
S i 5l DNA ol o 5l ookl b 5 ais adls
3PS 9,50 0 a5 O g0 (pay b pll RT-PCR ¢yl g
S e See S s dT =53l 51 2l See S b iges yo
AysSn Ve e 0 ol L Vgeidoo dNTP 10 Lok
O Seds o5 il ax 50 FO 40 ladiged KT .o sailu,
5o ol G (59; oo ABBS Y 5l gy g 08,5 )15 adSs
B g plp Ve STy 8Ll g See ¥ e o
4 (M-MULYV Reverse Transcriptase) 3! 3l zodg S
o Bty s 34 ol ] o Seus il g a8lol ladiges
48,80 O Ddedy e § 0T il 4z 0 Y les o el
«DNA colw jl w85 1,8 0,5 il ax 0 AQ (o
285 ol Vg @llae Laasses g5, » PCR 25Ty
Jae PCR) olSewss ool il b g bglore oo b 1Sl (sl
azlad iSO jslateds 45> YV olosy 4 STy (BioRad
3 e sSee A PCR STy ploxl 5l ey o plol Lo 590
ol oty a0y VIO 5,LST 5 (55, 5 (RSTy Y5 e
W3S 1 oy )90 5589 <SII DNA o it
bl 5 Oligo asliy b ool b olaisl sle 5l
ool sl a5, ;55T (0elseh) tUDB ()5 (sl P e

Table 1. The type amd volume of compounds for each cycle of PCR reaction

volume of compound (pl)
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1.5
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2

1

1
0.5
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dNTP
Buffer10X
Forward
Reverse

Taq Polymerase
Water

Table 2. Analysis of variance of the effect of ultraviolet light (type C) on the
specific activity of enzymes (Catalase and Peroxidase) in wheat cultivars

Mean Square

SOV df Peroxidase enzyme Catalase enzyme
Wheat cultivar (A) 2 0.00032** 0.000175**
Treatment (B) 5 0.00019* 0.0000075™
AxB 16 0.000002** 0.0000007 ™
Error 54 0.000024 0.0000089

C.V. (%) - 28.6 20.3

** Significant at 1 probability level, respectively.

2 Diethyl pyrocarbonate
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Table 3. Mean comparisons of quantity activity of peroxidase enzyme in wheat cultivars under UV-C treatment

Wheat Treat time Activity of peroxidase enzyme
cultivars (hr) (umol/mg.min)
Control Treat
0 0.0147 0.0147
Sardari 1 0.0139 0.0268
2 0.0149 0.0157
4 0.0165 0.0108
6 0.0170 0.0377
0 0.0100 0.0100
Morvarid 1 0.0104 0.0141
2 0.0110 0.0152
4 0.0115 0.0172
6 0.0120 0.0210
0 0.0170 0.0170
Gaspard | 0.0173 0.0236
2 0.0177 0.0243
4 0.0180 0.0166
6 0.0185 0.0248
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Figure 1. Qualitative activity gel of peroxidases in wheat Sardari seedlings (right) and Morvarid varieties (left) with

UV-C. A (zero hour control), B (control wheat plant after one hour), C (one hour after treatment), D (control wheat

plant after two hours), E (two hours after treatment), F (plant Control wheat after four hours), G (four hours after

treatment), H (control wheat plant after six hours) and I (six hours after treatment)

Figure 2. Peroxidase Activity Gel in Cultured Gaspared Seedlings of Cultured UV-C. A (zero hour control), B

(control wheat plant after one hour), C (one hour after treatment), D (control wheat plant after two hours), E (two

hours after treatment), F (plant Control wheat after four hours), G (four hours after treatment), H (control wheat plant

after six hours) and I (six hours after treatment)
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Figure 3. Catalase enzyme activity gel in Sardari cultivars (right) and Morvarid (left) cultivar in UV-C treatment.
A (zero hour control), B (control wheat plant after one hour), C (one hour after treatment), D (control wheat plant after

two hours), E (two hours after treatment), F (plant Control wheat after four hours), G (four hours after treatment), H

(control wheat plant after six hours) and I (six hours after treatment)

Figure 4. Catalase enzyme gel activity in wheat Gaspard seedlings in UV-C treatment. A (zero hour control), B

(control wheat plant after one hour), C (one hour after treatment), D (control wheat plant after two hours), E (two

hours after treatment), F (plant Control wheat after four hours), G (four hours after treatment), H (control wheat plant

after six hours) and I (six hours after treatment)
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Figure 5. Effect of UV-C on DNA fracture of wheat Sardari (right) and Mrvarid (left). A (zero hour control), B
(control wheat plant after one hour), C (one hour after treatment), D (control wheat plant after two hours), E (two

hours after treatment), F (plant Control wheat after four hours), G (four hours after treatment), H (control wheat plant

after six hours) and I (six hours after treatment)

Figure 6. Effect of UV-C on DNA fracture of wheat Gaspard seedlings. A (zero hour control), B (control wheat plant
after one hour), C (one hour after treatment), D (control wheat plant after two hours), E (two hours after treatment), F

(plant Control wheat after four hours), G (four hours after treatment), H (control wheat plant after six hours) and I (six

hours after treatment)
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