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Assessment of Nitrate Reductase Gene Expression Pattern and Qualitative
and Physiological Characteristics Under Oxidative Stress Conditions in
Spinach (Spinacea oleracea L.)
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Table 1. Scoring by apparent phenotype based on the following table from 1 to 9.
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Phenotype appearance Score
Jss 9

Control
JssS ans aw,e 4+ 90 percent similar to control 8
JyuS ans s ye Ae - 80 percent similar to control 7
JysS ami ao,e Yoo 70 percent similar to control 6
JS ans we,s £+ 60 percent similar to control 5
JyuS ans sy 0o 50 percent similar to control 4
JysS ams ao,e ¥+ 40 percent similar to control 3
JysS s ae,e e 30 percent similar to control 2
JyuS ans asye Yo 20 percent similar to control 1
Jedg S 6 S0 jlusl

(..\_ADL..A u)j_.o A_u) 55)_) 449.0_1 ‘n;’/a )L\M ..x.so)f oolazwl (Y?) u‘)ls.o.ﬁ 9 Porra U’“"j) )l J..39)15 LS).J‘O)‘\.\J‘ 6|)J
3 P51 slagya Jylo 3 (A) iz Jlocie spi il Sl g s bsbin 1A+ gl o Vo b5 0,5 Jal5 obe,
U5 5 (chlb) b 35,15 5 (chla) @ uds, IS Jlaie 00,5 oo BT 600 Joww) yragibs yiSmsl bansgs yoglli YO+ o S5Y/5

23,5 dslome 5 gladger plul 2 Jedg IS
ChIa(mgmI'1)=12.25A663,6—2.55A646,e
Chlb (mgml‘l) =20.31A646.6— 4.91As636

JSCN (mgml'l) =16.76A616.6— 6.34Acs3.6
TBARM ¢ yuS50 Il

Al 50 a8 ol eole) asull (oo pglle Hlade sl gilapSt mhaw anT jlade Gioiw Glp Gie ol o
s Hagege aidly ;oss g, 5l Holie (o 1285 )18 (s pSoslal 990 (Conl (VL S hls sl gpmlonns]
RVOR| RGN N OIS VRS KV PP PP IRV SN OV-JPIPR VIS S S| RS PSSty A ARV g FoW BeE s O IP VR QR D IR S LONS
4830 VO Dok dy eSS g 3l g 5 005 g (gl il oo Vo b ol i 03538 (T 4y aop Ve Sl IS 6
b 5amin yilo 5500 4 ye Ll 5 ol giiad gl i oo O b oo sll aS0 0l iy yile 4iids ,o FYO+g oo b
A 009381 (/4 18) Segayliged a2 oo S5 5 (1)) Sy sl 21 (oo ds jladie s ol 1SS e s lo
Gde 4y g cBgle &y 53,5 Sy b 2iSTy 1 5l o (285 18 gl 4z 0 Ve LSSl 0 daBs ¥ Do 4 g
oiws b yesil 09+ 5 OYY slazge Job j0 0l jlade Coles )0 .ol ey il as8s ;0 00+ +Q ;90 L agdo Y-
A 0ailg> (BT 600 Jow) yiogidg xSl
9 n S Sl

il b Jsbee ilihe VO o 5 b jon JWSsba demie S aiges oF ff i
50mM Tris [tris(hydroxylmethyl) aminomethane]-HCI , pH 7.5, 2mM EDTA, pH 8, 04% [7.7] )
ooliinl b (pcaw 1 300,5 590yl VYo g a0 b aiBo Vo owas ¥ OC sloo ,0 g byl JalS,gbas (Mercaptoethanol

Vo f


https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.1.1.8
http://journal-irshs.ir/article-1-40-en.html

[ Downloaded from journal-irshs.ir on 2025-12-06 ]

[ DOR: 20.1001.1.16807154.1398.20.1.1.8 ]

Ohlen 5 ,50ls

& 503l (Coomasie protein assay reagent from Pierce chemical, Rackford,Il) owlesS usigp (iorw Jolxs
2 plil (g
LOX i

33 5 iged o, 10 lade o ooliiul i b (F0) ol Ses 5 Zhang s, 5 LOX o (s 5505l slate &
5 0035 Bl B Jslona b faiy il i Vo Bam 4 VYoo e @50 b ol 5l g y3F bogle el 5 ]
Jsloes 33,5 Lol (PH = £) 8+ MM qely i 3l (gglas oo 4y ua,5 alls PD 10 J5 et oS b auii
Jsb 53 (BT 600 Jue) ,iegibgiSrsl SaS L 5 o oSom (A NMOI) Setlgidol 5 puis i 530 b oty Jol>
A I VYT M zg0
03 ol 2L, 9 RNA I el

S g b Sl sSes, Sliis 0f ol laie 6 pSoslwl sl e Glajles S eSO e il Jolhe 5
50 Rnx-plus oS lawgs RNA zl 5ol )8 Jate -Ae 5,8 4 RNA zl sl as o U g desin msbe (59500
D30,5 yaend 0,0 VB 5,51 5 (59, 55999 ,550) Lawgs oo gzl Sl RNA CoaS 08,5 &g w00 g S sladiges
YV 5 YA Y7 Glogge Jsb 1o )s i jlade 05 ooliiwl jlogidy mSl 5l gl Zeiul jlake (oo8 oy 2 sl
G g g DNase Lo 5l eolaiwl L CDNA ol 050 5 avulre o] osls dus 0 g 0l ouslgs olKiws lawgd gl
o BT U5 6y of S g 0 2355 CDNA (59, 5l PCR aliws 43 5 03503 ooliinl _soges sba, 535k 51 CDNA
poke oS8 st el S 5 BiO RADES 15 1Q5 olSiius ) 5550, i o5 ol 5% byl sl s,
Jaz > e 0 oliws cplaes plxl s8ly ley jo 1y Sbs,lcwl ol as” ol solaswl (5,8 crmds milin 5 (55,5liS
aS GAPDH laails 5 51 beeols (g3lw oy jabaie 4y amo lad 1) lady 2aSTy Jeame jlade a5 cowl [0l coled
Y sl ol poss (b solas! Silel 5l olfiws cpl o ol solatwl ol o bayles plas o SLSS Lo glyls

5 &% pleil Randomization test sl oolaxuwl b g REST j138ls 5 lawss 5 le jlade b, ol olaiwl jLSgs, Ol s o5
oosbgm yole G ) o B ole @iged 3S5 Lo, Cam solaiul 550 S5,y 08,5 e, EXCEI 15810 5 Langs b loges
35 (OB 5 (srmb @lie 5 (55)5liS pole olSCiils

Sleals 05 5 5kS5s, Sl o3 ST Jgs Y Jgaer
Table 2. Primer details of nitrate reductase and GAPDH house-keeping genes.
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nucleotides end roduc temperature
length
Nir For 78 101 5'- CCTAYTGGCCGCCRCART -3 116b 62.4
Nir Rev 193 174 5'- CGTTGAACTTRCCGGT -3 P 60.50
GAPDH For 113 132 5'-TCACCACCGACTACATGACC-3’ 121b 60
GAPDH Rev 233 214 5'-ACAGCAACCTCCTTCTCACC-3 P 60
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Table 3. Appearance changes of spinach leaves (New Persian cultivar) treatment by spraying silver nitrate
(AgNO3) and actions of ascorbic acid pretreatment (ASA 20mM).

(5bJslre) Jlos (cele) (L2l Jslome 5l o Olo

Treatment (spraying) Time after spraying (hour)
48 24 12
Control (water) () aals 9 9 9
Ascorbic ACId ol 550l 9 9 9
AgNOz 1ImM 5 7 8
AgNO3 2mM 3 6 7
ASA + AgNO3; 1mM 6 8 9
ASA + AgNO3; 2mM 5 7 8

Rated based on the 1 and 9 respectively. score 9 in control, Points 1, 20% of eligible control surface and
intermediate values any 10% difference in the take. 1 point of difference was not statistically significant by t test
ata=0.05.
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Table 4. The changes of shoot dry mater (g) and leaf area (m?) in spinach per plant (Newpersian cultivar) under
spraying silver nitrate (AgNOs3) and pretreatment of ascorbic acid (ASA 20mM).

(3l sbme) o S gl @l il S22 055
Treatment (spraying) Leaf area (m? per plant Shoot dry weight (g)
fA \Ad VY fA \Ad VY
48 (hour) 24 (hour) 12 (hour) 48 (hour)  24(hour) 12
(hour)
Control (water) (<) sals 0.062 0.062 0.061 7.100 6.900 6.900
AscorbicAcid . . .
RS 0.067 0.065 0.060 7.200 7.100 6.900
AgNO3 ImM 0.051" 0.061" 0.057" 6.200" 6.500" 6.600"
AgNO; 2mM 0.047" 0.050" 0.053" 6.000" 6.300" 6.500"
ASA + AgNO3 1mM 0.055" 0.060" 0.069 6.500" 6.700" 6.800
ASA + AgNO3z 2mM 0.055" 0.054" 0.055" 6.100" 6.500" 6.600"

The asterisk represents a significant reduction compared to the control (a=-/-0).
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Fig. 1. The changes growth rate of spinach plant (the New persian) measured values affected by treatments,
including spraying water + ascorbic acid as a control, silver nitrate levels 1 and 2 mM spraying
treatments and combination treatments applied ascorbic acid pretreatment (mM 20) two hours before
spraying silver nitrate (values are average).
ol sialel slajless b pj (5ol paiges slagle) ;0 (udpos p3) glibwl olS i) e p Jlade Sl -V IS
Sori g Ysakeo Vg ) lackile o Sl slojla Bl sl waald (g 4y apesl S oSl + 0T (L3l Jslore
Ol Dygo 4 polie) 0, Ol LAk Jelxe 5l LB el g0 (Y- mM) A S 98l land i Jlosl 1 oS 5

(Cl
aalz Control B oads,,s i ASA  WAGNO3 ImM
= AgNO3 2mM ASA+ANO3 ImM M ASA+AGNO3 2mM
16
¥ 14 1 LN I L [ I
] I
% & a4 " I =
qj- ; 10 | . I .
— 6 |
% 8
- O 4 4
= - \
3 2 A
0 - ' . .
0 12 24 48

(oebls) (ol Jsbio 3 (s (soha52 G5 Sl
Sampling time after spraying (hour)
Fig. 2. Changes in the protein content of spinach leaves under the influence of the measured values after foliar
spraying treatments. As mean values and standard error values shown above each column.
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Table 5. Chlorophyll a and b compared with control values in spinach leaves (New Persian cultivar) after
spraying by treatments.

& g ls b s k5
(b Jele) Hlews Chlorophyll a Chlorophyll b

Treatment (spraying) (cel) VY (el vE (cel) FA  (cel) VY (celo) YF (cels) FA
12 (hour) 24 (hour) 48 (hour) 12 (hour) 24 (hour) 48 (hour)

Control (water) () aals 100 100 100 100 100 100

Ascorbic ACId sl S, 5! 99 100 98 100 99 99

AgNO3 1mM 87+ 83" 65* 91* 86" 70*

AgNO3 2mM 80* 73" 60* 85* 70* 66*

ASA + AgNO3 1mM 95 92 74 96 93 79+

ASA + AgNO3 2mM 85* 81" 66* 93 80* 73*

Chlorophyll values (percent compared control) is on average. The asterisk represents a significant reduction
compared to the control (05/0 = a).
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Table 6- Changes in the oxidation level cell (TBARM) and lipoxygenase activity (LOX) in spinach plant leaves
(New Persian cultivar) affected by treatments.

(5 Jsloee) Jlous LOX (nmol min"mg! protein) TBARM (umol g* FW)
Treatment (spraying) Al vY FA VY vf FA
12 (hour) 24 (hour) 48 (hour) | 12 (hour) 24 (hour) 48 (hour)
Control (water) (.1 sals 1.9 2.7 25 35 3.9 3.3
Ascorbic ACId ol 55l 2.1 25 2.6 4 3.7 3.1
AgNO3 1mM 5.9% 7.3* 9.1% 10.1# 13.9* 15#
AgNO3 2mM 8.1* 10.5% 11.9% 14.3* 17+# 16.6*
ASA + AgNO3 1mM 4.1 5.7 8.1* 6.1 7.0 9.7¢
ASA + AgNO3 2mM 5.9 8.9* 9.3* 8.1% 10.5* 11.3%

Data are mean. The asterisk represents a significant reduction compared to the control (05/0 = a).
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Research article

Assessment of Nitrate Reductase Gene Expression Pattern and Qualitative
and Physiological Characteristics Under Oxidative Stress Conditions in
Spinach (Spinacea oleracea L.)

S. Navabpour*, G. Kazemi and A. Mazandarani'

Spinach is one the most important vegetables with high qualities that is widely cultivated
in northern region of Iran. Environmental stresses are excessively grown up and they are
serious threat in quality of cultivated spinach. These stresses generally cause dreadful
damages in plant cells via increasing reactive oxygen species (ROS). In this study oxidative
stress has been applied by using AgNOs (0, 1, 2 mM) spray, also pre-treatment of ascorbic
acid (0, 20 mM) was used followed by AgNO; treatment. The measured traits included
phenotypic performance, leaf area, dry mass, growth index, leaf protein, chlorophyll and
oxidative cellular levels (LOX and TBARM assay) during sampling period (12, 24, 48 h)
after sprayed treatments. The New Persian cultivar was used in greenhouse condition with 6
treatments in RBCD design with 4 replications. The results showed spraying ascorbic acid
had no detrimental effect on studied traits. Whereas, sprayed of AgNOj3 caused some decline
in the amount of most traits as well as some increase in the content of TBARM and LOX.
Nitrate reductase gene expression relatively increased by ascorbic acid compared with control
(water spray). Whereas, applying AgNO; significantly decline nitrate reductase gene
expression. However, applying pre-treatment of ascorbic acid followed by AgNOs3 after 2 h
retrieved mostly all studied traits.

Keywords: Cellular oxidation, Chlorophyll content, Growth parameters, Protein content,
Spinach.
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