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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
J=s 9

Control
JssS ans aw,e 4+ 90 percent similar to control 8
JS ans s e A- 80 percent similar to control 7
JysS ami ae,e Voo 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 o, ¥+ 40 percent similar to control 3
JysS ans ae,e e 30 percent similar to control 2
JyS ans s ye Yo 20 percent similar to control 1
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Table 2. Primer details of nitrate reductase and GAPDH house-keeping genes.
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primers Stat  Nucleotide Sequencing primer F;erggﬂcc’{‘ Melting
nucleotides end temperature
length
Nir For 78 101 5'- CCTAYTGGCCGCCRCART -3 116 62.4
Nir Rev 193 174 5'- CGTTGAACTTRCCGGT -3 P 60.50
GAPDH For 113 132 5-TCACCACCGACTACATGACC-3' 1 60
GAPDH Rev 233 214 5'-ACAGCAACCTCCTTCTCACC-3' 121bp 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).

(BbJslre) Jlos (celo) (L2l Jslme 5l o oo

Treatment (spraying) Time after spraying (hour)
48 24 12
Control (water) () aals 9 9 9
Ascorbic ACId ol 55l 9 9 9
AgNOz 1ImM 5 7 8
AgNO3 2mM 3 6 7
ASA + AgNO3; 1mM 6 8 9
ASA + AgNO; 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 sbxe) 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).
(0= 0) adl oo dalis a4y o o gime (1alS saimoLis ol Cudle

Jaazo oy Caf s gt
waseine lej 5 e e oy o 1) 0dgl ey g Wil so |y ady papde SIS (n e 4 Jpatme 0D, e
P‘m‘wﬁt ) CL.M‘ OLS ..\.w) S u‘).u.u ..\.;3) (\;) ..\.QQGA ul.m.s ‘) )’H""J?"'gﬁwa*’ Mﬁﬁwb
b o b ool ot asls 0Li3 ) USS 5 a5l et B iz 5 08 Sl oSl Jslee 5l S50

i 0yl g, wotalo] gloloss 5l 51 50 ot ool (glag,ls yaiges dlols 45wy Catpos Sy oz LS
So 2 b sl Se oSl JlesS ) (o5 5 oS ((Ygnidhe Vg 1) 0,8 Sl e ST 0nSilee B )3 Lawgie j5bo 4
5 el 55 4 o3 el 0t oo ) S 5 (eSSl T 2 Jobone dagte) el 5 (6,8 S5 goban
Slad ol 5o sl Syl (8l Jslre Conl o3gai ol 55 500 sloew ) F 2 5 Gigiy ol sloaz axliz
AT 3l oS Sgilie sloal)d 2 (9w

5 T lagle; 50 (ol cnl jlade .cotls 2lS W) 08 Sl gl Jloss 3B 5 Jpamo ad) Cuopu ko
o g SaS (9 9,90 50 a5 assl b Lo i s ol ol las sals b g ls gime B! 5L Joloro 5l o el FA
o S5 sl ot | 8 el 59 sk S5l ey (sl Jslone (7 yiz) uls il w5 Lol 5
Oley 5o 5 20,0 B mhas jo (LSl Jolore 5l ey sl TA ploj jo ] ladte g 0ls (LaS 0l Ce s e (e S
O U)oy las o, Sl s sl e Ll (g)ls g WS doj0 Ve mhas jo 0L Jolowe 5l ey el YT
O 95 ylMie Ol ki

odls HLas ¥ USCs jo oS 5 sla,lens g 0,88 Dl s guslannST sla e 0L Joloes )....L 2 ey e &l sy
& bgrpe et n e GRS (it (talej] (sl Lo (8L Jolone 51 g ()l paises slagle) i 5a 55 ol oa
D (58 paigas lay IS Lo Sy 3l ) B atg Wb GRalS g g Vgedhes Y 0y Ol Lo
ol Yso e ¥ oy Sl (LAl sl 51 ey Sl TA 5o GialeT US40 (et jlaie o yieS oS (slaisS 4 2Ly
Dged § S sl S pNeia jsbar oyd Dlts Sl AU e el ke ol S ysSl jlenS iy Jlesl 05
G 585 58 Ry (B gt ols 25 Glesl a5 55 508 Callae sla Sy it 390 53 45 £9090 0
dwbre Sis oobe ke g (piigy Jlaie Gla S G (=2 /AY™) g lo cxe 5 Cude (Saan (VF) Conl o
abbgo 2l BB anlllae ol o &g abaiis 5 Cogllae 4z S lyieds alts ol 00 S




g U850, Slid 5 olo s b))

—*— Contol st~ Silver nitvaes = & 2 4 Cowbiation featmen. s sl

35

e}
L

,yff"P\“‘*ﬂ

—
—

(=]
h

¥

s el iTal ]

O AL dal g gl n

e 035 itk
Loy e N

—_
wn
L

(21 i)

(5 20 4k e mS) ] e ks ; T e
Crop growth rate (g per plant in dav)

ot
h

0 1z I 24 I 48
o 5 el Gl
Sampling time after spraying
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).
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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.

& Jebg ks b dds 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, 55! 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 Jsee) Lo LOX (nmol min"mg! protein) TBARM (umol g* FW)
Treatment (spraying) Y vY FA VY vf FA
12 (hour) 24 (hour) 48 (hour) | 12 (hour) 24 (hour) 48 (hour)
Control (water) (o1 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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Fig. 3. The nitrate reductase gene expression compared to control at different times after sampling
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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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