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Table 1. Physical and chemical characteristics of the sandy soil used in the experiment
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Table 2. Characteristics of the primers used in real time PCR reactions

o (50 03 0 o Sl Jg
Gene Accession number Primer sequence (5' - 3")

Juast sle> e b
[ cdz)

Al ling t 1 ° - R
nnealing temperature (C°) Amplicon length (bp)

F: gacgcacaacaggtatcgtgttg

Actin3 TC234027
R: cagcgaggtcaagacgaaggatg
F: gcactactccgacatgctcacc
NAS1 KU529948 9 g 9 g
R: ggagccgecatgtgaceg
F: ggtcggtgaagagectgte
NAS2 KU529964 ggteogtgaagagectgied
R: aaggaggtcgctgetctgat
F: gacgtggtgaactccgttatc
NAS3 KU529947 gacalogg g 9

R: catgcccacggtgatgtce

5. Vv
5. e
£t V.5
5. v

Jyae piSS Cono g pu) ) | plS 2 g ovie
9 U) uLon u9.) u.a};m )] odléiw! l) u)—)m LY 109)).0
oo Wb Al () JSUS) ,\.o);g% 3BT U5 555998l
L (Cycle of threshold: Ct) slisl a8 y> awlro jl ax
A 3y50 sl gl s by lade Rotor-GeneQ lidls
DS 4 s (9 2908 bilyd) o jlo plals o
dwole AACT g, jl odlatul b (g9, colds lal )
Olalil o bodld g Jloys (guwyy jskaiods (YY) Am)f
MRley 3 BgpewkdlSodls by, JI iolej]
Sleley Jis] maw 55 SNK ji5)4 b 1nShe duslis

A odlaswl (/Y dowus) SAS ljale 5

Falg o VY/O o, Real time PCR (¢la ST,

SYBR oS Joaljsiwd g ) HL,5 4w
Thermo ) Green/ROX gPCR Maser Mix
e+ Js Rotor-Gene Q oSz 55 (5,0l Scientific
OF olgsa Youst o5 5l cé)S sl (K5l (3ls)
(YY) ab oolazwl Real time PCR (sla jiiSly ;5 a5 40
b 5 Jgame gojlul polul p b yiiSly sled (g5
sled 0 w3l il (il b 1yp0a )5l Sl
9 (43 S6) 42> V- ety 355l 423 20
Caa Al VO Cdeds dxy 0 bl S ¥
R 039 sl Lm)f)b:j Jl=s! <DNA J}L”w)**"ﬁ
VY lod jd lauw dls o 5 adl Ve Sseds (Y J9ds) o5
(iiSly plasl 5l am 88 plosl Al Fr Gdedy 4>


http://dx.doi.org/10.52547/jcb.12.36.171
https://jcb.sanru.ac.ir/article-1-1161-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-08-23 ]

[ DOI: 10.52547/jch.12.36.171 ]

WE b S 53 g5y 39505 i co NAS3 4 NAS2 (NASL (el ol (5]

Ladder Actin Actin NAS! NAS! NAS2 NAS2 NAS3 NAS3 Ladder -RT NTC GAPDH

e JyiS sla STy ol yemas Actin 5 9 NAS3 g NAS2 NASL (¢la; sla,S51el L CDNA 1S5 5l Juols clasl =) S
(GAPDH 5) cate iS¢ (25wl RNA 595 CDNA ,$5) NTC (Reverse transcriptase w3 o900 CDNA ,u$5) -RT
Figure 1. Amplified fragments of cDNAs using NAS1, NAS2, NAS3 and Actin38rimers along with negative control

reactions of -RT (cDNA amplification without reverse transcriptase) and NTC (cDNA amplification without
extracted RNA) and positive control reaction (GAPDH gene).
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Table 3. Analysis of variance for relative expression of NAS1, NAS2 and NAS3 genes in root and leaf of Zn-efficient
(Hamoun) and —inefficient (Hirmand) bread wheat cultivars at vegetative and reproductive stages
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Figure 2. Mean comparison for cultivar x tissue x sampling stage interaction on the relative expression of NAS1 gene

in Zn-efficient (Hamoun) and —inefficient (Hirmand) bread wheat cultivars (Columns with the common letters show
no significant difference based on SNK test at %1 probability level).
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Figure 3. Mean comparison for cultivar x tissue x sampling stage interaction on the relative expression of NAS2 gene

in Zn-efficient (Hamoun) and —inefficient (Hirmand) bread wheat cultivars (Columns with the common letters show
no significant difference based on SNK test at %1 probability level).
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Figure 4. Mean comparison for cultivar x tissue x sampling stage interaction on the relative expression of NAS3 gene

in Zn-efficient (Hamoun) and —inefficient (Hirmand) bread wheat cultivars (Columns with the common letters show
no significant difference based on SNK test at %1 probability level).


http://dx.doi.org/10.52547/jcb.12.36.171
https://jcb.sanru.ac.ir/article-1-1161-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-08-23 ]

[ DOI: 10.52547/jch.12.36.171 ]

A\A%

coly Jisl cel g9y sodiS e juw iljel &b
pie rizmen gdge baplil plo g b & Syl o)
bulyd p adyy > 0f ol ole S oRlBl L il
Sy elaidl gl 0f ol & w300 JUE 59) d91eS
L Ay ) S )5 93wl Gy of ol Ylesl g 35l
LS5 e g o ity Beins cpl Aol ol
2 g Sy ) sl Siiage g el (595
LNAS slaf ol o (Ko Glise 9 395 5501l

25 dalllas (g9 D908 Loyl > LS 5 (ol yliee

P18 g S

9 2lS S g Mg wdine 09,5 5l g
Sl b gl s sigiS esS_iily
app g CUl 3,5 wald bl s 4 w)l
Do o U;b).\_é 5 a3 ploc]

WA lie; Y5 oyleis /r‘,m)'lsa Jw /Jcb)‘ oLlS ZMol doliingl

dgreS i &S ALyl 35 @ls IS 5ba

I, NASS 5 NAS2 INAST (slaj osmss ol i c65)
0 3 puin S)bsime sy U puS =59y o8y 5
o1l 4y Aty il ) g w30 a3l LS — s
sl gl sbiire pRlE sk a8, Albye 4
8) Sy g ddny >S9y 39005 Lalyd )5 NAS3 § NASL
28 e L L=y, 08 @ cand |-y,
LB=cs9) 085 0 s cnl ol GRIPI 9y 2908 Ll
(9y 0aSBMNS) (ol (15650 s Liul38l el Ylaas|
Sy s adey 5 ded Sifimge Jaho Gl s 5 5
5 ady) 0 el Sifizse 9 ol 05958 p9d> D5
5 S ol i il s gy 28 S el oS,
Do o bplil plo g ab a4 Syl o sl Jaews
3908 Laulpd 5> NASZ (5 plo o gime (lalBl (oo
ial) 9 (agy Al ye 93 30 3 [=g9) 08, S n 3 o)

03 o) ol W1 &S s oo (L5 IS L9y 05 41 o
I Yl LS = o9y ody Sy pd Sy d9seS balyd

&l

1. Alloway, B.J. 2009. Soil factors associated with zinc deficiency in crops and humans. Environ
Geochem Health, 31(5): 537-548.

2. Arnold, T., G.J. Kirk, M. Wissuwa, M. Frei, F.J. Zhao, T.F. Mason and D.J. Weiss. 2010. Evidence
for the mechanisms of zinc uptake by rice using isotope fractionation. Plant, cell & environment,
33(3): 370-381.

3. Baghban-Tabiat, S. and M.H. Rasouli-Sadaghiani. 2012. Investigation of Zn utilization and
acquisition efficiency in different wheat genotypes at greenhouse conditions. Journal of Science and
Technology of Greenhouse Culture, 3(2): 17-32 (In Persian).

4. Bashir, K., Y. Ishimaru and N.K. Nishizawa. 2012. Molecular mechanisms of zinc uptake and
translocation in rice. Plant and Soil, 361(1): 189-201.

5. Bouain, N., Z. Shahzad, A. Rouached, G.A. Khan, P. Berthomieu, C. Abdelly and H. Rouached. 2014.
Phosphate and zinc transport and signalling in plants: toward a better understanding of their
homeostasis interaction. Journal of Experimental Botany, 65(20): 5725-5741.

6. Brenchley, R., M. Spannagl, M. Pfeifer, G.L.A. Barker, R. D'Amore, A.M. Allen, N. McKenzie, M.
Kramer, A. Kerhornou, D. Bolser, S. Kay, D. Waite, M. Trick, I. Bancroft, Y. Gu, N. Huo, M.C. Luo,
S. Sehgal, B. Gill, S. Kianian, O. Anderson, P. Kersey, J. Dvorak, W.R. McCombie, A. Hall, K.F.X.
Mayer, K.J. Edwards, M.W. Bevan and N. Hall. 2012. Analysis of the bread wheat genome using
whole-genome shotgun sequencing. Nature, 491(7426): 705-710.

7. Bushuk, W. and V.F. Rasper. 1994. Wheat: Production, Properties and Quality (V. F. R. W. Bushuk
Ed.): Springer Science& Business Media.

8. Cakmak, I. 2000. Tansley Review No. 111 Possible roles of zinc in protecting plant cells from damage
by reactive oxygen species. New Phytologist, 146(2): 185-205.

9. Cakmak, I., A. Yilmaz, M. Kalayci, H. Ekiz, B. Torun and H.J. Braun. 1996. Zinc deficiency as a
critical problem in wheat production in Central Anatolia. Plant and Soil, 180(2): 165-172.

10.Callahan, D.L., AJ.M. Baker, S.D. Kolev and A.G. Wedd. 2006. Metal ion ligands in
hyperaccumulating plants. JBIC Journal of Biological Inorganic Chemistry, 11(1): 2-12.

11.Clemens, S., U. Deinlein, H. Ahmadi, S. Héreth and S. Uraguchi. 2013. Nicotianamine is a major
player in plant Zn homeostasis. BioMetals, 26(4): 623-632.

12.Du, X., H. Wang, J. He, B. Zhu, J. Guo, W. Hou and X. Zhang. 2018. Identification of nicotianamine
synthase genes in Triticum monococcum and their expression under different Fe and Zn
concentrations. Gene, 672: 1-7.

13. Ekhtiyari, M. and B. Abdollahi Mandoulakani. 2020. Effect of Zn deficiency stress on expression
pattern of genes encoding bZIP4, bZIP79 and bZIP97 transcription factors in bread wheat (Triticum
aestivum L.) cultivars. Iranian Society of Crops and Plant Breeding Sciences, 21(4): 344-353.

14.Feizi, M., M. Solouki, B. Sadeghzadeh, B. Fakheri and A. Mohammadi. 2019. QTL Mapping for
Higher Seed Zn Concentration and Content in Baley using SSR Markers. Journal of Crop Breeding,
11(30): 58-67.

15. Gao, L. and J. Xiong. 2018. Improving Rice Grain Quality by Enhancing Accumulation of Iron and
Zinc While Minimizing Cadmium and Lead. Developments, 45 pp.


http://dx.doi.org/10.52547/jcb.12.36.171
https://jcb.sanru.ac.ir/article-1-1161-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-08-23 ]

[ DOI: 10.52547/jch.12.36.171 ]

WA b S 53 g5y 39505 i co NAS3 4 NAS2 (NASL (el ol (5]

16. Ishimaru, Y., K. Bashir and N.K. Nishizawa. 2011. Zn Uptake and Translocation in Rice Plants. Rice,
4(1): 21-27.

17.Masuda, H., K. Usuda, T. Kobayashi, Y. Ishimaru, Y. Kakei, M. Takahashi and N.K. Nishizawa.
2009. Overexpression of the Barley Nicotianamine Synthase Gene HVNASL Increases Iron and Zinc
Concentrations in Rice Grains. Rice, 2(4): 155-166.

18. Mattiello, E.M., H.A. Ruiz, J.C. Neves, M.C. Ventrella and W.L. Araldjo. 2015. Zinc deficiency
affects physiological and anatomical characteristics in maize leaves. Journal of Plant Physiology, 183:
138-143.

19. Morrissey, J. and M.L. Guerinot. 2009. Iron Uptake and Transport in Plants: The Good, the Bad, and
the lonome. Chemical Reviews, 109(10): 4553-4567.

20. Niazkhani, S. M., B. Abdollahi Mandoulakani, M. Jafari and M. Rasouli-Sadaghiani. 1970. Studying
the expression of ZIP1, ZIP3 and ZIP6 genes in bread wheat under Zn deficiency conditions. Cereal
Research, 8(3): 345-358.

21.Paolacci, A. R., O. A. Tanzarella, E. Porceddu and M. Ciaffi. 2009. Identification and validation of
reference genes for quantitative RT-PCR normalization in wheat. BMC Molecular Biology, 10(1): 11.

22.Rao, X., X. Huang, Z. Zhou and X. Lin. 2013. An improvement of the 2°(-delta delta CT) method for
quantitative real-time polymerase chain reaction data analysis. Biostatistics, Bioinformatics and
Biomathematics, 3(3): 71-85.

23.Shoormij, F., S.S. Alavi Kia, M. Moghaddam Vahed and M. Toorchi. 2017. Genetic Variability of
Zinc Efficiency in Some Iranian Spring Wheat Varieties. Journal of Crop Breeding, 8(19): 24-17.

24.Singh, S.P., B. Keller, W. Gruissem and N. K. Bhullar. 2017. Rice NICOTIANAMINE SYNTHASE
2 expression improves dietary iron and zinc levels in wheat. Theoretical and Applied Genetics,
130(2): 283-292.

25.Suzuki, M., K.C. Morikawa, H. Nakanishi, M. Takahashi, M. Saigusa, S. Mori and N.K. Nishizawa.
2008. Transgenic rice lines that include barley genes have increased tolerance to low iron availability
in a calcareous paddy soil. Soil Science and Plant Nutrition, 54(1): 77-85.

26. Suzuki, M., M. Takahashi, T. Tsukamoto, S. Watanabe, S. Matsuhashi, J. Yazaki and N.K. Nishizawa.
2006. Biosynthesis and secretion of mugineic acid family phytosiderophores in zinc-deficient barley.
Plant Journal, 48(1): 85-97.

27.Suzuki, M., T. Tsukamoto, H. Inoue, S. Watanabe, S. Matsuhashi, M. Takahashi and N.K. Nishizawa,
N. K. 2008. Deoxymugineic acid increases Zn translocation in Zn-deficient rice plants. Plant
Molecular Biology, 66(6): 609-617.

28. Trampczynska, A., H. Klipper, W. Meyer-Klaucke, H. Schmidt and S. Clemens. 2010. Nicotianamine
forms complexes with Zn (1) in vivo. Metallomics, 2(1): 57-66.

29. Tucker, K.L. 2016. Nutrient intake, nutritional status, and cognitive function with aging. Annals of the
New York Academy of Sciences, 1367(1): 38-49.

30. Xie, X., W. Hu, X. Fan, H. Chen and M. Tang. 2019. Interactions Between Phosphorus, Zinc, and lron
Homeostasis in Nonmycorrhizal and Mycorrhizal Plants. Frontiers in Plant Science, 10: 1172-1172.
31.Zhou, X., S. Li, Q. Zhao, X. Liu, S. Zhang, C. Sun and R. Chen. 2013. Genome-wide identification,
classification and expression profiling of nicotianamine synthase (NAS) gene family in maize. BMC

Genomics, 14: 238.


http://dx.doi.org/10.52547/jcb.12.36.171
https://jcb.sanru.ac.ir/article-1-1161-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-08-23 ]

[ DOI: 10.52547/jch.12.36.171 ]

Journal of Crop Breeding Vol. 12, N0 36, WiInter 2021 ..........iriieimieneseiniesseimme e e eneneveeaenenesveseenenenenenenenees 119

Expression Pattern of NAS1, NAS2 and NAS3 Genes under Zn Deficiency
Conditions in Bread Wheat (Triticum aestivum L.)

Esmaeil Wehbi' and Babak Abdollahi Mandoulakani?

1- M.Sc. Student of Agricultural Biotechnology, Department of Plant Production and Genetics, Faculty of
Agriculture and Natural Resources, Urmia University
2- Associate Professor, Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources,
Urmia University (Corresponding author: b.abdollahi@urmia.ac.ir)
Received: August 16, 2020 Accepted: December 8, 2020

Abstract

A greenhouse factorial experiment was conducted in completely randomized design (CRD)
with three replications to investigate the effect of soil Zn deficiency stress on the expression of
three genes involved in the synthesis of metal chelating agents (NAS1, NAS2 and NAS3) in bread
wheat. Hamoun and Hirmand (Zn-efficient and inefficient cultivars, respectively) cultivars were
planted under Zn deficiency (0 mg Zn / kg soil) and adequacy (5 mg Zn / kg soil) conditions and
relative expression of the genes was measured in root and leaf of the cultivars at two growth
stages: stem elongation (vegetative stage) and 30% of flowering (reproductive stage) using Real
time PCR technique. The results revealed the highest expression of NAS1 (7-fold) and NAS2 (5-
fold) in Zn deficiency conditions in the root of Zn-efficient cultivar (Hamoun) at reproductive
stage and in the leaf of the same cultivar at vegetative stage, respectively. The highest
expression of NAS3 (7-fold) was observed in the root of Hamoun cultivar at reproductive stage.
The expression of this gene was also enhanced in the leaf of both cultivars at reproductive stage
under Zn deficiency conditions. In conclusion, the results of the present study demonstrated that
the expression of NAS1, NAS2 and NAS3 genes in Zn-efficient cultivar under Zn deficiency
stress was enhanced more than Zn-inefficient cultivar which probably facilitate Zn uptake and
translocation in Zn-efficient cultivars through increasing the synthesis of Zn-chelating agents
such as nicotianamine and mugineic acid in the root and leaf of the plants.

Keywords: Bread wheat, Nicotianamine Synthase, Real time PCR, Relative gene expression,
Zn deficiency
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