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Table 1. Mean comparison of amino acids of the two tolerant and sensitive rice genotypes, the treatments and the
time points using Duncan’ test. Common letters in each row indicate non-significant differences
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Table 2. Mean comparison of sugars and sugar alcohols of the two tolerant and sensitive rice genotypes, the
treatments and the time points using Duncan’ test
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Table 3. Mean comparison of organic acids of the two tolerant and sensitive rice genotypes, the treatments and the

time points using Duncan’ test

&9 Jrs i
celw OF cels s celo 0F cels s S sl
IR28 CSR28 IR28 CSR28 IR28 CSR28 IR28 CSR28
RN Yafaxy/\? Fafar/o" valver/o” oviaxy]. v yofax N W\xf/° WAVEFRT ERJENERNH]
e

OPVENEYYAS YRS A AsEYYTAT oMY svalveny YT avetrest o eamaiver e sy vy /50 2 +‘f‘)f‘“
ywelatNsY elrEsAC VE VAN Y NZA=0 YYALY/5 AZNVACS Y/ s AL yov/aty-/a” & logs
ve/vey/.v° Avlaty/A? A/ \Ey NV AyEy/n? VY \AEY/A° sV seINESIA° vy/oks/s® &yl
sEIVEE ¥ APEINEVW/ES \Fy/adyy/a© YYAES7IN WY/rLEs/y© AW/ \EF/AC y.slotalA’ YEY/vEYVIV? oY SIS
£V agf Ak fx° sylay\© Nari=a\is 5o l5Ey V¢ Fy[aty/¥© ¥EIYEV Y YIRS bl gy
yW/akv/s? - /ato/y (/A== 1A% Vvl fo™ YWHEVA volot NV AofAEy/R© s ANV &l yipug )
veloraN® o ver/asva/s? oAV vl vasivna/fY vAY/akyeYY nav/ kvt yLav/akyeie® oSy
WEAYEVEIAT  WAOAEASYY  vovsloky A YS yovlevEssla® vavolvEaoly® vaaeERLJA fEEEIARVWYIEY sYas/atyy/ .5 ? oYl
yy/yEy/ye YAYEVVE syfaty/A* SY[5EN NN OsIAEY /o™ o¥/ AV sNvEo/s° YANEY/-A? ag e
99,2

AAVEVADT YEVYAEN¥EC sy eRavi™  ysaslelvs /A avadfvdav/st vravARANC arylstas/. vve byrv/st liggs
ovalakyvls  svivere VS saa\EvalyS WWAYIAEYYVE Y IeENY/AY AsAIVEYOIYY vavivEyy/\ vy adva/a” Sl
AVIv£y/st vV yaa/ak /A vov/ v/ \s/sy/s veafakalt  Aa/AEY/Y? YYVIALEV? S g

Kt I ime BWA] pas siad Ui (yd)y b 0 S gl By ol 00l 00 L Hlme gllad F (MY/G) (1Silo & jony polio

ssba gloj 93 pp > s ML ()68 5 Jlesl b
sloodly gy Joodia Sl juder (olus G955 )3 (pgune
5 S klyd Jols o (Lol adss o3 4 JI glasl
239 & S A Wab gaieg)S dg ()9
2 Colpd jd g Nud S8 celw OF 9 5 slale; ades
09,5 S 3 oles 5 Joie scuisiy agle; 5l S yo
97 slagle) 4l oMo (5y5d adgs y3 Lol w8 )S 1,8
Sgis) W8y L8 lome sleadss pj > celo OF
Sl S8 e slaog) S 0 j s 5 Jeoxie
Oy colus O3 i celo OF I'Xd Lg)bﬁdu’?oj clole;
b Celo OF sloj 5 cnlid ol 5 szl S Lol
Jlesl b bl gy cslw £ (gl paiged oloj 51y ilye
sobar glos 93 I lanesl B gy58 o

N

bewgilo yole wlwl 5 Wdiged (Gaisng 5
WBlis ey Cilies clodiges o olod 4 5l odlizusl |
B (gda0g,S uﬂ sl 5 laas ol ] &ly
93 3 GC-MS 3T 5| Jols anselasl (claosls () JSKi)
Wy 5 5 JAS Ll s o Lol abgs
bl 2 35 w4 (e Adgs AD (glog)S
2 g NS S Adgs ) 90 4 el AF 9 5 glalo;
2 oles g Joxie 9] 93 daglej Sl G e 3 ol
OF 9 7 lagle; JpuS adgs > ab)S 55 095 S
ol o Jo w8, 8 dlalBls gl wMS p» celw
HB)S B 0g)S Su p ples g Jole gl 9
2 el £ )b pdiges Gloj ) bewip cold cp il
Sa9d 9 S8 llpd w8 glaodly (gl dgr (6)98 Ly
2 ey JpuS bulypd )3 a8 )55 )18 Tiome slaog S 5
bl wiz3ls o2 4 1) cald ol 5o paiges Gloj 93 2



AR

WA bl AR /fv‘“jlﬁ Jl /Jcl))‘ oLlS ZMol doliingl

o - all
e I I
143 22 30 ﬂg} 412 1.42 287 436
“ g E 4 9 w8 e
FEEELEE Baggdangd 11 E
g & 25z F543333¢% 28293344
§% 589 3 ESY) GaEN¥eyy
% % 3 BB Z - EEEELEEEE
£ 52238 F8 5 X E 8 €. 5 5.
EEEES g8 .5 0 b LR 585524424
aﬁﬁa}gjﬁ 0ETATTH SO0 0 & && A
= LG - @ 0.8216696
N LLINET: T S 8
8 = g = 00370685 & 9
2 B = & - ~ 2 09108348
S5 0.9555817 g & 2 g g
5 > [ — 10 S & =]
2 = o Glyeerol . : 5 10
' = - Glocose Geb
_ 12 Fructoce Puuzscm
CitmateHsocitmate ;;L?I‘_’“m“ﬂl Aspartate
Isucitrate o Beta- Alanine
Fctate Iycine
ycerste Alpha-Alavine
H?'dlnryglumm Glutamate
Glycolate gyxuh;:ehw
hunate 10,
Shikimate S‘S.spuugjm
Fumarate Serme .
Alpha-Fetoglutarate Phenylalanine
Talate Threonine
Pynuvate Methionine
Shccinate Isnﬁnm\eu\e
Lysine
aline

ool ¢ (slosl (o 5 o (o eatgol slasesl (G (HCA) Ll dledes glasiss Ll g a5 b olyo olos i =) IS

Ol 1y ol 5 b jpalie i s o 5 30,8 S izt (Sfslom JS5 gy 5 ool Cunday b uSilen Vo 0280 & pg0ey
JJ.D.)Lgc

Figure 1. Heatmap combined with hierarchical cluster analysis (HCA). a) Amino acids, b) Sugar and C) Organic

acids, the data are Logyo of the means obtained of the five biological replications. The Red and green colors indicate

the higher and the lower values, respectively

clsd sxmd L gy Jled gy Sl e Ok

5T ool p bedglie Kby, sbss ol y0

g ‘-Qj L;:L\M.Slu_,j &y dlhmhf Ay, u~5‘9 wly P GC-MS
13,48 g Sl @ Gl 1) geos oy disel sladgl 0 (S 05ll

(IRRI) ks > oy olidss Mol o dusgo

5 S329kiS pole oKl 5lepeds ol JL8 JLasl )5 cpmay
)bélg@ﬁ&%%;wﬁdg;weu
w2l sy ol «dyeulugs Heinrich-Heine oKl
9 S uSpoglplio Clidsy cas piY Gl oS

wore 3 SpS B plej Gde GBI L g Al ()9
A b geles g Jeotie glacuigy SWBI (g9
ol wilas slo) g5l (i Sily Gubos ol @l
G595 6y 4 Jooo Gl > el glail zecs 35k
5 isdl) i3 ges LIl 5y CSR28 Jeoe

W

D35 oo (1,48 SYsb kulpd > logasie Joxdie Guigi] 1> Jojsulsee
F*)

Ashraf, M. and M.R. Foolad. 2007. Role of glycine betaine and proline in improving plant abiotic

stress resistance. Environmental and Experimental Botany, 59: 206-216.

Batista-Silva, W., B. Heinemann, N. Rugen, A. Nunes-Nesi, W.L. Araljo, H.P. Braun and T.M.

Hildebrandt. 2019. The role of amino acid metabolism during abiotic stress release. Plant, Cell and

Environment, 42(5): 1630-1644.

Chaves, M., J. Flexas and C. Pinheiro. 2009. Photosynthesis under drought and salt stress: regulation

mechanisms from whole plant to cell. Annals of Botany, 103(4): 551-560.

Fiehn, O., J. Kopka, P. Dérmann, T. Altmann, R.N. Trethewey and L. Willmitzer. 2000. Metabolite

profiling for plant functional genomics. Nature Biotechnology, 18(11): 1157.

5. Fiehn, O. 2002. Metabolomics— the link between genotypes and phenotypes. Plant Molecular Biology,

48: 155-171.

Food and Agriculture Organization of the United Nations, FAOSTAT. Rome, Italy. FAO. 2018.
Available at: http://www.fao.org/faostat/en/#data/QC (Accessed 01 Apr 2020).

Fougere, F., D.L. Rudulier and J.G. Streeter. 1991. Effects of salt stress on amino acids, organic acids,
and carbohydrate composition of roots, bacteroids, and cytosol of alfalfa (Medicago sativa L.). Plant
Physiology, 96: 1228-1236.

Funck, D., B. Stadelhofer and W. Koch. 2008. Ornithine-3-aminotransferase is essential for arginine
catabolism but not for proline biosynthesis. BMC Plant Biology, 40: 1-14.


https://www.sciencedirect.com/science/journal/00988472

Y\s S)ss Wi 4 (Oryzasativa L) g, ddyy adgl slacdabio 1 Sy Zly

9. Gerona, M.E.B., M.P. Deocampo, J.A. Egdane, A.M. Ismail and M.L. Dionisio-Sese. 2019.
Physiological Responses of Contrasting Rice Genotypes to Salt Stress at Rice Reproductive Stage.
Science, 26(4): 207-219.

10.Good, A.G. and S.T. Zaplachinski. 1994, The effects of drought stress on free amino acid
accumulation and protein-synthesis in Brassica napus. Physioloy Plant, 90: 9-14.

11.Gu, J., K. Weber, E. Klemp, G. Winters, S.U. Franssen, |I. Wienpahl and E. Bornberg Bauer. 2012.
Identifying core features of adaptive metabolic mechanisms for chronic heat stress attenuation
contributing to systems robustness. Integrative Biology, 4(5): 480-493.

12.Hashemi, A., GH. Nematzadeh, GH. Hosseini Salekdeh, S.A. Hosseini and M.R. Hajirezaei. 2012.
Physiological and metabolic responses in rice under salt stress. Crop Biotechnology, 2: 1-14 (In
Persian).

13.Heenan, D., L. Lewin and D. McCaffery. 1988. Salinity tolerance in rice varieties at different growth
stages. Australian Journal of Experimental Agriculture, 28(3): 343-349.

14.Hu, C.A., AJ. Delauney and D.P. Verma. 1992. A bifunctional enzyme (delta 1-pyrroline-5-
carboxylate synthetase) catalyzes the first two steps in proline biosynthesis in plants. Proceedings of
the National Academy of Sciences, 89(19): 9354-9358.

15.Hu, L., K. Zhou, Y. Li, X. Chen, B. Liu, C. Li. and F. Ma. 2018. Exogenous myo-inositol alleviates
salinity-induced stress in Malus hupehensis Rehd. Plant Physiology and Biochemistry, 133: 116-126.

16.Jia, Q., D. Kong, Q. Li, S. Sun, J. Song, Y. Zhu and J. Huang. 2019. The function of inositol
phosphatases in plant tolerance to abiotic stress. International Journal of Molecular Sciences, 20(16):
3999.

17.Jiménez-Bremont, J.F., A. Becerra-Flora, E. Hernandez-Lucero, M. Rodriguez-Kessler, J.A. Acosta-
Gallegos and J.G. Ramirez-Pimentel. 2006. Proline accumulation in two bean cultivars under salt
stress and the effect of polyamines and ornithine. Biologia Plantarum, 50(4): 763-766.

18.Joshi, V., J.G. Joung, Z.J. Fei and G. Jander. 2010. Interdependence of threonine, methionine and
isoleucine metabolism in plants: accumulation and transcriptional regulation under abiotic stress.
Amino Acids, 39: 933-947.

19.Kim, J.K., T. Bamba, K. Harada, E. Fukusaki and A. Kobayashi. 2007. Time-course metabolic
profiling in Arabidopsis thaliana cell cultures after salt stress treatment. Journal of Experimental
Botany, 58: 415-424.

20.Lehmann, M., M. Laxa, L. Sweetlove, A. Fernie and T. Obata. 2012. Metabolic recovery of
Arabidopsis thaliana roots following cessation of oxidative stress. Metabolomics, 8: 143-153.

21.Liang, J,. Y. Qu, C. Yang, X. Ma, G. Cao and Z. Zhao. 2010. Identification of QTLs associated with
salt or alkaline tolerance at the seedling stage in rice under salt or alkaline stress. Euphytica, 01: 201.

22.Lisec, J., N. Schauer, J. Kopka, L. Willmitzer and A. Fernie. 2006. Gas chromatography mass
spectrometry-based metabolite profiling in plants. Nature Protocols, 1: 387-396.

23.Nemati, I., F. Moradi, M.A. Esmaeili and S. Gholizadeh. 2011. The effect of salinity stress on ions
and soluble sugars distribution in leaves, leaf sheaths and roots of rice (Oryza sativa L.) seedlings.
Plant Soil Environ, 1: 26-33.

24. Nishizawa, A., Y. Yabuta and S. Shigeoka. 2008. Galactinol and raffinose constitute a novel function
to protect plants from oxidative damage. Plant Physiology, 147(3): 1251-1263.

25.0mrani, B. and S. Moharramnejad. 2017. Study of salinity tolerance in four maize (Zea Mays L.)
Hybrids at Seedling Stage. Journal of Crop Breeding, 9(24): 79-86 (In Persian).

26.Pandit, A., V. Rai, T.R. Sharma and N. K. Singh. 2011. Differentially expressed genes in sensitive and
tolerant rice varieties in response to salt-stress. Plant Biochemistry and Biotechnology, 20: 149-154.

27.Valliyodan, B. and H.T. Nguyen. 2006. Understanding regulatory networks and engineering for
enhanced drought tolerance in plants. Current Opinion in Plant Biology, 9: 1-7.

28.Verbruggen, N. and C. Hermans. 2008. Proline accumulation in plants: a review. Amino Acids, 35:
753-759.

29.Wang, J., J. Zhu, Y. Zhang, F. Fan, W. Li, F. Wang and J. Yang. 2018. Comparative transcriptome
analysis reveals molecular response to salinity stress of salt-tolerant and sensitive genotypes of indica
rice at seedling stage. Scientific reports, 8(1): 1-13.

30.Wang, W.S., X.Q. Zhao, M. Li, L.Y. Huang, J.L. Xu, F. Zhang and Z.K. Li. 2016. Complex molecular
mechanisms underlying seedling salt tolerance in rice revealed by comparative transcriptome and
metabolomic profiling. Journal of Experimental Botany, 67(1): 405-419.

31.Widodo, P., J.H.E. Newbigin, M. Tester, A. Bacic and U. Roessner. 2009. Metabolic responses to salt
stress of barley (Hordeum vulgare L.) cultivars, Sahara and Clipper, which differ in salt tolerance.
Journal of Experimental Botany, 60: 4089-4103.

32. Yancey, P.H. 2005. Organic osmolytes as compatible, metabolic and counteracting cytoprotectants in
high osmolarity and other stresses. Journal of Experimental Biology, 208(15): 2819-2830.

33.Yoshida, S., D.A. Forno and J.H. Cock. 1976. Laboratory manual for physiological studies of rice. 3"
edn. Los Banos, Laguna, Philippines, 83 pp.

34.Zhu, J.K. 2002. Salt and drought stress signal transduction in plants. Annual Review of Plant Biology,
53(1): 247-273.



Journal of Crop Breeding Vol. 12, N0 34, SUMMEr 2020 ............ooiieiieeisitieieeeeirietees s e e e ee e ee e e aeeeeeseenensnnsneenenaneeneneens 247

Response of some of Primary Metabolites in Rice (Oryza sativa L.)
Root to Salinity Stress

Mojdeh Akbarzadeh Lelekami', Mohammad Hadi Pahlevani?, Khalil Zaynali Nezhad®,
Keyvan Mahdavi Mashaki‘, Andreas P.M. Weber® and Dominik Brilhaus®

1- PhD Student, Gorgan University of Agricultural Sciences and Natural Resources
(Corresponding author: m.akbarzade67 @yahoo.com)
2 and 3- Associate Professor and Assistant Professor, Gorgan University of Agricultural Sciences and Natural
Resources
4- Assistant Professor, Rice Research Institute of Iran, Mazandaran Branch, Agricultural Research, Education and
Extension Organization (AREEO), Amol, Iran
5 and 6- Professor and Assistant Professor Heinrich Heine University (HHU), Dusseldorf, Germany
Received: April 10, 2020 Accepted: June 10, 2020

Abstract

In order to investigate the metabolic responses of rice root under salinity stress at seedling
stage, an experiment was conducted at greenhouse with five replications as factorial in a
completely randomized design including two salinity levels (0 and 150 mM), two sampling
times (6h and 54h) and two genotypes CSR28 (tolerant) and IR28 (susceptible). In total, GC-
MS analysis identified 36 primary metabolites (including 18 amino acids, five sugars and sugar
alcohols and 13 organic acids). The amino acids showed the highest accumulation in facing to
high salinity. Moreover, the genotypes showed more differences after the long-term of salinity
treatment and the tolerant genotype CSR28 had the highest accumulation of amino acids
suggesting the role of osmotic adjustment mechanisms on inducing of salt-tolerance. Among the
sugars, raffinose and myoinositol had more accumulation specifically in the tolerant genotype at
54h time point, indicating their antioxidant activity. Generally, these findings emphasized the
importance of identification and dissection of metabolic pathways for understanding of the salt-
tolerance molecular mechanisms and consequently improving the development of salt-tolerant
varieties in rice.
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