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in barley under salinity stress

RPEVC N [PYIEWRPRRI T P
Sara Ghaffarian' and Seyyed Abolghesem Mohammadi*
Ol s Ol ke g oL o ple 0dSTE1s (pmilid o3 03 8 sl -
Ol s s ol (g5, 5LES 0uSiils ( ALS (650 5 50 5 ol w0y S slaul = ¥
1. Assistant Professor of Biology Department, Faculty of Natural Science,

Azarbaijan Shahid Madani University, Km 35 Tabriz-Maragheh Road, Iran

2. Professor of Plant Breeding and Biotechnology Department, Faculty of
Agriculture, Tabriz University, Tabriz, Iran

sa_mohammadi@yahoo.com : S5 xSl oy (D3 J gie sk 5 3

) Sl § S (ki
7 Ol 9 sla o) o lod F 0590

V+0-117 daxio

ouS>

et MNP Wb o 15 QLS 5 los 9 Wiy 45 Sl (Jusmo S T 0y o0 I (ST (SIe
G .Sl DIglaile (590 (i Do § DD i 9 4 Ay (090 4 OBLS Fwl .ans
Na" 0 Oy Gol adlae oyl 38 .Cawl S90 o 33 OBLS auilo oy Fpge Na© Oy
Goge 4 Josmin Sl idw wwl (¥ 9 Sahara3771) g w5 4w 4l y yo Transporter
do o 30 VLT .udb ke o Real-Time PCR tawg (Syge 4wl Clipper g
(ol TF Ao g0 dw 50 9 wiid 5 518 NaCl Wao Juo ¥er 910+ (jho slowd i (Slamals
09 9 ¥ 039 (Job b plmil 4l y 31 Siloy dgad Sogw Jlosl 31 i 4 4w 9 595 4w
GCiS 9§ 039 el o Ol gl Lab (g o)1l A o dw ol O 3 Alyy i
O OF Ol ST Sluw 5 byl 4320 090 Sogm S Do 9 DAL Bl b Ay
J>1 50 9 S9h SWslod g cm SIS Sxe INST 3529 odd Gl (G398 7 sbaw
Wg0d Olo) X 833 (SIS y dignd OloIX (89 i 935X (S g ilio O ST .91 (5515 y diged
GBIl BLIS 50 Gogh 4 Joodi .09 )18 (Fxe (518 diged Oloix i 3x(SI9% 9 SI18 2
Ol NaCl yWao o Yoo g Voe (Syab & gul 55 .59 Na© Transporter o3 ol
9 Sahara3771 ;s i ol .=éb _sal” Clipper ;8 Na® Transporter o} Sbedgigy
1Bl g 9 S8 55 4 NaCl Vg0 (oo ¥ov 9V ee G940 by 38 i el (¥
~oi 993 ol Joos Yieis1 .59 SANAra3771 i i st ol ¥ 38 OF Oby el H1 .cdb

sl B Be519 30 NA" (Svygy 318 @oxi 58 LT (YU 2 blgi b Ll 35 Srad 4 b

SAlS” glasly

9
“«S g
03 ol N
o G Jgb
Na* transporter .3


http://ganj.irandoc.ac.ir/articles/596020
http://ganj.irandoc.ac.ir/articles/596020

Cdezws uli)b.&

DI O G991 (5 Ao

A sbdle s plan el Sy S

La 5 sSTs 5o 5l5ke Na" ¢ ;lulas Sl P o 5 55 SN
slael (Blumwald and Poole 1987) i «l,l L5 STy lis
Na'/H" sla 5,0 51 Olse 4 Na’ transporter ol sl
B S0 Na™ transporter (slaoj o3l sl opl 31 ledd azlis
Syl 5 BsS1s 0a0s e Na™ JUsl 53 o5 4 alie s
SSTs Na" (gslulds e (Yokoi et al. 2002) ,ls i
53 Na' slle gl 51 Sl o sl gl zSTy cbl-
(Glenn et al. 1999) .l Jilo (Gl s 5l cbli= e
< 55 s Nat transporter (¢ .Sl Apse et al. (1999)
OLlS 53 05 cul Oly G b 1) NA"™ wy ansly O JWanl

L5 ,S DU plad s Bld ay ey sl

Tl 3 s ekias QLI s 3 S8 ok
C]a“ BENS| FRNPSEPIRIWES N CW S-SV S+ S S P IR PP
G L LS e o A5 b s b sl 5 )
23 Goxi 5 dsb 5o b0 pl OV s b Wl re e
OB e 5l 050l gl Bl sl bl
zen J1 8 05518 Jaml s ik glls el W 518
23 Sl a3 e Dl opd sl b asisis, ol
—0588 sl ST sl sls ol ety Sl
SCus s Lol Bl Ol s st 4 e L O
o5s» -(Pardo et al. 2006) Lsi o (shued, (5 Shas WIS
oz S 05 pleld & e sl 055 b IS
L M),\ﬁ\j 3 0l s Sdsen 05 S Na'/H”
Gl im ST L VU 65 sen 05 ol (Apse et al.,1999)
(Gaxiola et al. sls olis Ol 5 LS «eses 31 Na'7HT
1999)

dodsio

D Kt el I 5 oy 45, Poaceae (gesl gl 5l
orlal s a Ol 5s S 5 sl e g4, 5 Lo
S o o YU Jess s 4 5 (FAO 2014) ol o3l
S35 bl Sl (o5 ofs 5 Loy (K25 e i
Al-Karaki ) s,ls 6553 31 jle S and 5 S g 50
5 ol d SX5 a x4 s e (2001
Oy & b (S35 5 S35 5 S50 Dl st
Harlan and ) s 53 s eslital Cilites gba a3l 53 Jde oS
.(Zohary 1966

23 ks FedE SRS Seee S S 650
Parvaiz and Satyawati ) ol SKix a5 Six Gbla
AU cow W glages S 51 doss (i 51 i 5 (2008
S e (Syaml 55 (FAO, 2014) Lls L5 (5,
Ww]ud)ﬁ)’l&i\}gj}uuiﬁ)&@@?ﬁyb
Munns and Teaster ) e )0 o5 Coo OlalS w el
3o Sl Greml 55 OLLS s SU sl (2008
~ay 0SS pal 3lgp Bl L3S Jpeme b 4 olS T Ll
Gl sl cpl ol (€C) JS 5 (Na) i sl o5
SL0s 0dd ST L el cpl s s e e ,etd b ST o
Chle e ol 551 ol el ea (KT ly
oS 4 e Al e bow 3 Na o e 5CI ol LS
2t B Al ol 253 e 0503 e sOZBLE 5 Ll
5 (K pmly el (555,0 2Me pole (S5l gan 5 ol
L Jse Gl s CaT oy Bl sl (€7 s
Sl 5 Sl el NAT 5 a0l a5 s
Sl 5l Ca™? SS& o pe Ca7 o4 Na™ (WL e
b cos 1y Jake glalie 5ol ps Sl i Of Jlas!
ol 3l Jb sl st 53 KT g das s 13
ot O3 lelis s 4 el 5L 5550 Lan 3T
S s KT L 5K 4 bl sl Na™ (KT g Na'™ oy
I s 1y dhor endigm 55 ol 315 2008 OF Jlasl sla
Sobe Jll 5 8 emes goss YL lea,ﬂ 0 S e
(Maathuis 2006) 5,5 » ;I 3 50 o slde




05 Ol 651 oS anlllas

Sl Q[.l)l.d.c

Soxd 4 O el adaly 3 g eS Slalllae ol a0
22 Soss e 51 (Eshel and Waisel 1996) <l ol ol
(Tester and Devenoper 2003) .l A, SX5ls50 OblS
S5 sl sSB OLLS 53 (osd Jeo o YU g5 2 L
Lo Ll alS sl ol 53 83 bl IS0
o5 QLS Gbagal b Ll slal) Slosar
Sosro Sl Goss VL Jed Lo LB WS 6l

.(Shinozaki and Yamaguchi-Shinozaki 2000) .|

Na* 03 Ol o mnp addlas cpl 5l Coas

Na' (sl 53smdl 5 ealgls glasl 51 SO transporter
eBl oAl 5 st L elipd W ol
05 0l @ s (i Al oY 5 Clipper Sahara3771
&d)ﬁéﬁw%‘ﬁ‘:w@;w)ﬁ;ﬁw
23 Gopd Al pslan 5 dlesl 51 e Ssline glaobs

.Jﬁwijéuﬁ)éwi{j)wj:dw

g, 9 olgo
AL ol

Clipper g pB,1 Jal aadllas 3,50 ALS 5l
SV el s 4 Jeeme A5 el oY 5 Sahara3771
sl o3, S Clipper s 1o 5 58 261 (3O
Sahara3771 5 sy55 4 wla 5 and, 95 w)le (Ul
5 ags) e Gl Line b Jles ol 3T e
oSzils I Clipper 5 Sahara3771 ol .ol (555 4 Joomio
b g0 Sl Soph & pslie i Al Y s o8 Ul
A a5 5 g el 5 POl Dliiss

wl b LB s ) sSU oo 4 andlas 550 o0 )
St dals s a5 5 5SS e b islat JolS (slacS
e S5 5 A 3 NaCl Y5 e Yoo 5 Voo
N S il w8515 bl 2 SSs sk
LIS 58 Jolos L ol VY Soe 4 1l LaasealS 0L e

)l}d)QTJJyJASMﬁJMQM}QEL&M

Na®  0f clss, e S il edd A8
05 Jl oldlas 5 el LLI 1 55 (5,58 A5 L transporter
@ Joos s ol 05l slae ol 0L G Lsls 0L
ol pslre g gaxs 5> (YOKOI et al. 2002) 553 00 (555
@3k A= b Na® transporter slae s5l Olo il ol
Sley o ALS 3L (5, NaT L 05 S 350 0 Ll
A8 S 355 ol 53 el st NAT (gl sis &S
5 4 S Na' transporter ols 35 b e sl T OlaLS
OLLS 3 5 Lols OLES (58 4 g Jemte s s
e S5 o3 i NA™ (6)5d 25 o 05 opl b a5
ol oS 0 alp JiS0sn Sl oy s A (5Ll
ol (S 5 e 53 oagn 55SB s i STs 43 Na/H
5 S AMDXT 05 s a5l i 0bLS baasly sl Aol s
Sord 4 St Comlo NAT (sla 55 (ST o3l il (slae
B (AS 05 05 ol Ol G ((Apse et al. 1999) wsls oL
5 (Zhang and Blu 2001; Zhang et al. 2001) 3 > S
b b S Sl o se (Fukuda 2004) o,

O3 &S 23 5 Jpame Skl 3 Shas (el Sl
IRAY J{LE S gy J.«a olises J;Y; 4 S glaeg
Loy a4 gy Coner Sl s Gl el G s s Ane
My e sla oo B L Ll el (‘ﬂ Ole
5 3l J»ls Sos e e o olaes ¢l f":’ O,:Jj\ INTPW
Gosd Ll fes b b 4 0LLS mul slls
2> S w5 ey ety Sl Sl e
Slosls oo o)z 5 WOS Ok Ol JsS5e ol
oS Sk Glomiy RSl S e Il alin
wals CoaS et GUlg 5 ol s Shee YU Conles
Sl 365 Sl B @S Dl Slol3 L ey 51 aems
.(Bustin 2002)

soml Ol s s e LI 3 Al Sl
sl rl e L e olS 5l Gkl Sl s S
Solms Coeal 5 LS o S350 1) (658 A5 a5 Sl el
Pl SGaly) sl 4w s L Ll sl ()8 a4 e o




Cdezws uli)b.&

DI O G991 (5 Ao

Thermo Scientific RevertAid <.s 3l eslad L 5 2y S
NGRS ol First Strand cDNA Synthesis Kit

L=S1s Na® transporter 03 s Ole oy » Jskie o
Vo o> 5 5 TAKARA .S 5l eslisd L Real-time PCR
depe S Jla Gl syl bl 25 S
L oast o YO-F+ (aids O Sk 5 AY°C L5 el (g5lu i pul
53l S5l Jlasl sl YO e 4 AF°C s (5le axd il
Ly 5 4l YO Sote w0 0T sl s oliant] Jlasl gles
sl b o Sl 5 U0 e 4 a3 VYOC s
g;bwﬁj)@gw Sy adds 0 e 4 VYOC
30 4 Gl 0 ax oz Fr b ol S Sl ax s 70 Sl L
A edsluy ol S Sl
OB el s bl 05 Ol Ol Zolg 0o
S eslinad U Jols glaesls .3 aulos (Pfaffl 2001) AACE
5 by Gl J s Olse 4 artubuling s e 05 (glaesls
dald 4 ol il la 2 g 0 Ol ol s Ol
o losls 4l Sl aglie 5 WLols e A et

123 5 bl MSTAT-C 58l o 5 S 4 5 oSSl 5,

o A3 S el Sbogl e By (bl B S
Gy e on S el Sl 4 e b LaagealS i
2 Eogd S el GlanS  a dl e (5550 4 Cad
Sl a4 bazealS lanl & Co 5 pl 4 ds Jesl > o ol
Vor Sled o e OV 50 e O ()58 Lol el YY
sk 4 S 5 NaCl Ve e Yoo 5 ¥ le
B g;j,ach.ﬂ):\n\ Ol 4 NATICE Clale s (6,106
SllS ot J =8 Yl Lol b s ilesl s eslized CaCl2
350,55 L 53 WAC 5 55, 53 TAC les Lal 5 s
don Vo pd Sasby g il el B a5y, cellIA
YWD IS TEIE WINGI W & SPICVPWS TS\ VIR PV €l>.=3|
Slio A plamil glanS  aw dd po 3 25 Jlesl 51 ey atin
P s adey KU 055 s S5 Oos dsb el aalllas 55
Ao alie S3dsoe gl Sy b 4y 4w g5 Cho

A 6,8 sl s

S Goss 5 e 05 0l Olais oLl sk 4
ool s eslewl Quantitative Real-Time RCR Kes$
5 (03kew &S 15) RNX-PIUS oS 51 aslizal L RNA o1 el

Yo WJJCDNAJ-:;MW A ¢l>.;,\ Sl g SUIL

s 3550 Sa05 sla ST polatt Jlasl sles 5 JI5 ol =Y Jgr

Table 1. Primer name, sequence and annealing temperature of studied genes

CO) Jlast sles ST Jigs O3 el
0 F: 5’CCTACCGGCATAAGGAGCAGAT Na* transporter
R: " TTTGCTGGAAGATGGAGCAA
£0 F: 5>’ AGTGTCCTGTCCACCCACTC a-tubulin

R: 5’ AGCATGAAGTGGATCCTTGG

4.;_9».'; A.L:-JA M))}N&Cl )Y_}A L;L:AY" B Yoo U.IM.’ M‘,@Lﬂ

plomil 25 Jlasl 51 e axin a5 505 4 ool VY (g0l C L . s
. ay A g soed S
(Y dsd) ws
ool LSt mlasl il s Waesls by a2

LSL“%,";')'.'S&:'.'J"J"” Mt 5 g g eias QLS s
¢ s gl Bolas LS glas sl lea B s ol

gﬁéb})j}dj;cde@ﬁ}E)leM:}y

5 Al bl b cow adlas 3550 s Al oY 5 Clipper




G 9 0L lae w05 Ol (S9N (o axiliae

ke Yoo sV o glajles coss isu el oY 5 Sahara3771 Clipper ;> Pl 53 0l (5,8 o3Il (K358 50 Do sty 4 =Y Jgir
Y0 P T TIPS PRIPTINGICIIN | 1 Y R W NaCl Ve
Table 2. Variance analysis of studied morphological traits in Sahara3771, Clipper and A-Line 24 hours, 3 days and 3 weeks

after 0, 100 and 200 mM NacCl treatment
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Figure 1. Effects of different salinity levels on root length for; A: genotype x sampling stage and B: salinity x sampling stage
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Figure 3-2. Effects of different salinity levels on root fresh weight for genotype x sampling x Salinity
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Figure 3. Effects of different salinity levels on root dry weight for genotype x sampling x Salinity
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Figure 4. Effects of different salinity levels on Na* transporter gene expression in Sahara3771, Clipper and A-Line at 24

hours, 3 Days and 3 weeks after 0, 100 and 200 mM salt treatment

oS 5L agrlse 53 (gose 4 Jese Sahara377l sl
Lol gosd 4 wlee Clipper b awlis 55 g %S Ol
5 O cpl s (5o ss 4 Sahara3771 ogllas (Sl 4 ax g
Olien sl 55 odeS s BlE 51 S 05 ol 3ols Jlaz|
Llasils 5 WS ol 83 53 ool 55 s 4 Jooo
slaylsd S &b o b (Ligaba and Katsuhara 2010)
S L5 o5 sladd o g (S50 4 Jeote 5 el
Sy el (6o sd 55 e Lisls oLLS Real-Time PCR
slasl s 5l HUNHX4 5 HVNHX3 HUNHX! sl
Sosd & Jemie g5 ady, > Nab transorter el gsls
b Slacgss ades 5o Wl Cdsiny sl 1 i Sl
2 Gosd 4 et oB)l 5 Shee 0T 3y (5058 4
O3 Soleldr 53 OF iy IS L bLayl s 2 b bl
dzadls Sl sl Sl 05 4w Na™ (sla
Lol oV s Shee Cde Vb (658 0 Cow
a0 aw y3 sy Sahara3771 5l e S5 O cpl s i
Aol oY s (g, 45 4 Na” transporter o Gl Sols 4 ses

)Y}AL},L:A\" J@‘Q}rjd?)) AS.l)ij )j.v budbu

Voo osd A dlesl Bl ey Sas a5 el YY OLg 5o s
Clipper > Na™ transporter o5 ols NaCl Nge s Yo+
sV Gosd Jlesl 5l e Sas A Sl (ol pme lalS
« Clipper 5> 05 Oly a8 Olse NaCl [¥Vse Lo Yoo
a3 g dals e S OF Oly Ol psme G 5 ol 8 5
53 05 Oy NaCl Vs e Voo 25 Jlasl 51 e anis
Vse e Yooowas 20 cow Ll .csl sl Clipper
Sls ome il 5l el les b aglis s 0f 55 05 0l NaCl
YY slaobes s 05 Oy =als Ol Sahara3771 s .oils
e e Yoo g Ve oy 0d Jlael 51y s 4w s ol
ais aw 85 ol 53 55 %S Clipper L awslis ;3 NaCl
e Yrv 5 Ve A5 S 05 0l Ol o5 Jlesl Sl e
oLz il 5 Jials o5 5 4 Jald b awslis 3 NaCl Y,
.l
o oM gl A e S el SlazealS A
Lis 3 et 0T 53 (sosd 4 Jeoss Ul 5 Sl (55
(Greenway 1965; Heenan .ils dal > olS Llg 5> Slas
4ses Jyl d>= 0 55 5> et al. 1988; Mass and Poss 1996)




Cdezws uli)b.&

DI O G991 (5 Ao

T U - P I NV P VTP
Na" sls 5,5 o1 o2l cladss o 5d o greml L35 s Na*
Bis e ldss 5l CBlis (siand Jsbs ol
5l il €™ S KT L 65,0 ole ole (g5l sen
L laddsid 5 Jobo slaols (5 A8 Jobe (515!
IR S Sl b el g e 5T sla ST ) c Bl
G oo 035050 43 Sk 05,3 CI 5 Na™ (slay slie
51 Na™ transporter 03 Ol oS sk U 4 ey Lol
(Soss a Jome iudel Y 53 NaCl [Yse Jo Ve 2
Y el by oo Ol OT Ll pslie s OF Ol Lais
Ol il NACH Y g ks Yoo 25 Jlesl 5l ey sl
wlr a5 Gy am Olod o3 ald b aslie 5o (g 0l n 5o Bl
o4 axgs Loy NaCl Ve Jo Yoo 25 Jleel 51
o2l Gosd 4 Jes 55 Na transporter sla 5 sl 5 e
st s 31 g ol 3 sush e 3 e M KL
Sz Jomie s A5 S 05 JUil lalllas S Ll
Sl s il S KU Ois 4 ar s L ramen AL
G55 ) e85 Ol L3 o 4 i el Y e
0SS Gl Bme g Ll e Sahara3771 L oaglis s
O L o B 4 e ASL Ol 5 5e )58 bl
oS 53 e NAT B0 Ol (050 L olS e (YL
A el s e ST s oo Nat slads i 4 »
o3l gl glael 51 NHXD 03 ok sls Jddee ol
53 NaCl Vg e Yoo (g5 (a5 cos NA™ (gl 5 sl 5
OLi sl oV aulssl Sahara3 771 b avslie 53 Jise Al oY
(Ghaffarian et al. 2015) sls
Na™ transporter o3 ol JialS w55 L g yems 3
G Gols wged A 3 O ll 5 ol s sl s
Lo D85k Bl s b 1) 555 andl s syl a4 olS ey o S
Oy Flidd i o 4k LS allis 2551 b &l
5 Jomie Slacg Bl Dsline JuSly 4 ar g b sy iy O
b oo GAlS BLE 5105 pl Ay e S 4 (558 4 el
e R R S R e e Rt T =R
NaCl ,¥,e Lo Vor 25 b aglio 53 NaCl ,¥se L Yoo

)\WQ;L,:T\‘ DL aﬁf}&)bf«;}w QLGJMJA))NaCI
Gl ae fals dals b oalie 53 05 Ok oo sl
d}ﬁMﬁ)J}NaCI )Y}ALA:AY" J».JQ&JLA‘C».«Q‘J
3 300 a0l 53 S5k oy dald sl 5l iy )l
sy a4 NaCl Ve Le Yoo (g0 dlesl 1y aen au
sled 4 S 05 Ol 53 Spln am 5 o 5 93 s o 58
Jd (gyed s Al L o b 4 S sdalie dals
o e S L alie 53 6lS gl Sl S (S 05 cnl sl

A3l S

S @ sty 0pos Na©oslal sy uueS
S WS 6Sskr et 2 LOT Gt b
osle G Olge wNa™ lad sy 31 OLLS eslizal OIS pioean
DS s el b S o ool 3 1 (S saml Lol oS Lo
Ld s 033 4 ol Cdor walsl 5 (el Jeily Lai> OISl
Na" transporter sl 5,5 51 (ol ply L5l o s 4 1,
Sls Lol o S5 o4 oalS &b 03 e sl
880 5l i s Na™ 5, 2T la i, etiS 5e, DNA
OSIs Olg &) ST 5 adss OLLS 5 Ol els alS
Lo Wl gysd A5 by O ) Cdel Ol leds plublis
.(Pardo et al. 2006)
J S SOS s Lo g silyl 55 L5 S15 NaH' Jsls
Na" VL ol sls Ol axlas ool .(Qiu et al. 2004) 555
OF oo 5 gt o 05 53 oy sy S 515 transporter
Loy sl slis IO 5 Na' T D5 S &
Xu) cwl s Sl (TaSOST) oS Na'/H' 5,5 a1 S
sbul ol NaTH' puS 555 51 ooen (et al. 2008
05 onl b &l 5 g sl OLLS 3 (6558 25 a4 Joos
Ol Gsb gls e s ul,T OlaLS (Brini et al. 2007) Ls S
s o boamlie 53 L1y gla iy ST AINHXY
ol b sl 5 Ol o s g 5 feste ()58 4 Sl
- STy 3 g nie Na™ (ilulis LUlg (g (25 o 05
05 o) slp sl i OLLS Laasl ool Aol 5o sl s

(Apse etal. 1999) wsls OLis (588 a4 (6 i Sl




05 Ol 651 oS anlllas

Sl QLL)LQ.O

&lw

Al-Karaki GN. 2001. Germination, sodium, and potassium
concentrations of barley seeds as influenced by salinity.
Journal of Plant Nutrition 24: 511-522.

Apse MP, Aharon GS, Snedden WA, Blumwald E. 1999.
Salt tolerance conferred by overexpression of a vacuolar
Na*/H*- antiport in Arabidopsis. Science 285: 1256
1258.

Blumwald E, Poole R. 1987. Salt-tolerance in suspension
cultures of sugar beet. Induction of Na/H™-antiport
activity at the tonoplast by grown in salt. Plant
Physiology 83: 884-887.

Brini F, Hanin M, Mezghani I, Berkowitz G, Masmoudi
K. 2007. Overexpression of wheat Na’/H" antiporter
TNHX1 and H* pyrophosphatase TVP1 improve salt-
and drought-stress tolerance in Arabidopsis thaliana
plants. Journal of Experimental Botany 58: 301-308.

Bustin SA. 2002. Quantification of mMRNA using real-time
RT-PCR Trends and problems. Journal of Molecular
Endocrinology 29: 23-39.

FAOQO. 2014. Faostat FAO Rome. www.faostat.fao.org.

Fukuda A, Nakamura A, Tagiri A, Tanaka H, Miyao A,
Hirochika H, Tanaka Y. 2004. Function, intracellular
localization and the importance in salt tolerance of a
vacuolar Na'/H" antiporter from rice. Plant and Cell
Physiology 45: 149-159.

Gaxiola RA, Rao R, Sherman A, Grisafi P, Alper SL,
Fink GR. 1999. The Arabidopsis thaliana proton
transporters, AtNhx1 and Avpl, can function in cation
detoxification in yeast. Proceedings of the National
Academy of Sciences 96: 1480-1485.

Ghaffarian S, Mohammadi SA, Toorchi M, Omidi Y.
2015. Quantitative gene expression analysis of NHX1
and HvPIP2;1 in barley (Hordeum vulgare L.) under
salinity  stress. Journal of Biodiversity and
Environmental Sciences 7: 207-219

Glenn EP, Brown JJ, Blumwald E. 1999. Salt tolerance
and crop potential of halophytes. Critical Reviews in
Plant Sciences 18: 227-256

Greenway H. 1965. Plant response to saline substrates,
Growth and ion uptake throughout plant development in
two varieties of Hordeum vulgare. Australian Journal of
Biological Sciences 18: 763-779.

Harlan JR, Zohary D. 1966. Distribution of wild wheats
and barley. Science 153: 1074-1080.

EIESENE TS p PP O Vi P ERS V1T
Ll VU glaclale w3 Na™ transporter sls ;5 ol 5

Ly e Jls

Heenan DP, Lewin LG, McCaffery DW. 1988. Salinity
tolerance in rice varieties at different growth stages.
Australian Journal of Experimental Agriculture 28: 343-
349.

Ligaba A, Katsuhara M. 2010. Insights into the salt
tolerance mechanism in barley (Hordeum vulgare) from
comparisons of cultivars that differ in salt sensitivity.
Journal of Plant Research 123: 105-118.

Maas EV, Poss JA. 1989. Salt sensitivity of cowpea at
various growth stages. Irrigation Science 10: 313-320.

Maathuis FIJM. 2006. The role of monovalent cation
transporters in plant responses to salinity. Journal of
Experimental Botany 57:1137-1147.

Munns R, Tester M. 2008. Mechanisms of salinity
tolerance. Plant Biology 59: 651-681.

Pardo JM, Cubero B, Leidi EO, Quintero FJ. 2006.
Alcalication exchangers: roles in cellular homeostasis
and stress tolerance. Journal of Experimental Botany 57:
1181-1199.

Parvaiz A, Satyawati S. 2008. Salt stress and phyto
biochemical responses of plants. Plant and Soil Journal
54: 89-99.

Pfaffl MW. 2001. A new mathematical model for relative
guantification in real-time RT-PCR. Nucleic Acids
Research 29: 1-45.

Qiu QS, Guo Y, Quintero FJ, Pardo JM, Schumaker KS,
Zhu JK. 2004. Regulation of vacuolar Na*/H" exchange
in Arabidopsis thaliana by the salt-overly-sensitive
(SOS) pathway. The Journal of Biological Chemistry
279:207-215.

Shinozaki K, Yamaguchi-Shinozaki K. 2000. Molecular
responses to dehydration and low temperature:
differences and cross-talk between two stress signaling
pathways. Current Opinion in Plant Biology 3: 217-223.

Tester M, Davenport R. 2003. Na’ tolerance and Na*
transport in higher plants. Annals of Botany
91: 503-527.

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

Xu HX, Jiang XY, Zhan KH, Cheng XY, Chen XJ, Pardo
JM, Cui D. 2008. Functional characterization of a wheat




Gema 5 0L ,lae O Ol (G951 5 e

plasma membrane Na+/H+ antiporter in yeast. Archives tomato plants accumulate salt in foliage but not in fruit.
of Biochemistry and Biophysics 473: 8-15. Nature Biotechnology 19: 765-768

Yokoi S, Quintero FJ, Cubero B, Ruiz MT, Bressan RA, Zhang HX, Hodson J, Williams JP, Blumwald E. 2001.
Hasegawa PM, Pardo JM. 2002. Differential Engineering salt  tolerant Brassica plants:
expression and function of Arabidopsis thaliana NHX characterization of yield and seed oil quality in
Na'/H" antiporters in the salt stress response. The Plant transgenic plants with increased vacuolar sodium
Journal 30: 529-539. accumulation. Proceedings of the National Academy of

Zhang HX, Blumwald E. 2001. Transgenic salt tolerant Sciences 98: 12832-12836.

Quantitative gene expression pattern analysis of Na® Transporter in barley under
salinity stress

Sara Ghaffarian' and Seyyed Abolghesem Mohammadi

1. Assistant Professor of Biology Department, Faculty of Natural Science, Azarbaijan Shahid Madani University, Km 35
Tabriz-Maragheh Road, Iran

2. Professor of Plant Breeding and Biotechnology Department, Faculty of Agriculture, Tabriz University, Tabriz, Iran

*Corresponding Author: sa_mohammadi@yahoo.com

Abstract

Salinity is one of the important abiotic stresses which affecting growth and performance of plants. A
Plant’s response to salinity depends on the genotype, salt intensity and duration of the stress. Plant
sodium transporter activity is the most important salt tolerance mechanism in plants. In the present study,
the expression pattern of the Na+ transporter gene was investigated in roots of three barley genotypes
(Sahara3771, an Iranian advanced line (A line) as a salt-tolerant cultivar and Clipper as salt-susceptible)
by guantitative real-time-PCR. The plants were exposed to 0, 100 and 200 mM NaCl at the seedling stage
and root samples were harvested 24 hours, 3 days and 3 weeks after salt treatment. Also, root length, wet
and dry weight were measured. The results indicated that root fresh and dry weight decreased with
increasing salt concentration and duration of treatment. Analysis of variance revealed significant
differences of Na* transporter gene expression among the genotypes with respect to salinity levels and
sampling stages. Salinity x genotype, salinity x sampling stage, genotypes x sampling stage and salinity x
genotype x sampling stage were all significant. Increased expression of the gene was associated with salt
tolerance in the genotypes. In response to 100 and 200 mM NaCl, the mRNA level of Na®* transporter
gene decreased in Clipper. In Sahara3771 and the A-Linen gene expression decreased and increased
respectively in response to 100 and 200 mM NaCl. Under 200 mM NaCl treatment, gene expression in A-
Line increased more strongly than in Sahara3771. The results suggest that in these genotypes, salinity
tolerance is related to greater ability to sequester Na* into sub-cellular compartments.
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