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Abstract

The present study was aimed to investigate of nitric
oxide effect on betaine aldehyde dehydrogenase gene
expression and glycine betaine synthesis in Solanum
tuberosum cv. Agria under salinity stress on in vitro
condition. The experiment treatments included four level
of sodium nitroprussideas a nitric oxide donor (0, 107,
10 and 10°mM) and two level of sodium chloride (0
and 70 mM). In the present study, MS media culture was
used and sodium nitroprusside was applied for
increasing the betaine aldehyde dehydrogenase gene
expression (the responsible gene of glycine betaine
synthesis) under salinity stress. Four weeks after
treatment, total RNA of treated explants was extracted
and semi quantitative RT-PCR was used for the analysis
of expression of betaine aldehyde dehydrogenase gene.
The glycinbetaine content was measured with iodide
potassium. The survey of betaine aldehyde
dehydrogenase gene expression showed that the
expression of this gene was increased under salinity
stress however, the sodium nitroprusssid decreased its
expression under salinity stress. Also sodium
nitroprussid increased the glycine betaine content in
grown plantlets which were grown under normal
condition however under salinity stress this compound
showed negative effect on glycinbetaine content.

Keywords: salinity stress, gene expression, betaine
aldehyde dehydrogenase, sodium nitroprussideas,
Solanum tuberosum.

E-mail: gholamreza.gohari@gmail.com

o>

.o

ol 05 Ol Olpe » SIS 4 s it L aalllas ol
o L ST 8 eioaw 53 Gl i 5 U3 sodasail
Jola nlesl glajles o plowil (glats 055 Jal b 55 (555 25
SV ) SIS edins Ol 4 s 5 b o Sler
il 03 s OV e Ve 5 0) A S s 55 5 (¥ 50 e PN
3ot a5 sl 3l e 5 35 eslited MS S L 5l G
Ol Jlazml Sl sk 4 bk sai ) Dlas G il 5 R
A ealizl (ol eI s J ghams 03) 3U35 0083 T il O3
o sless slaad sed slacdl 5l S RNA (les dlesl 51 ey azin 5ler
313655505 AT (3l 05 Ol g 230l osite 4 5 A £l S
LT sl 05 Ol s 38 oslinl oSeas RT-PCR 25,
Go i o glaazealS 53 05 cnl Oly Ol jes S 5ls OLES 505 5,005
Sosd 8 Tl o ey s i de sled oS b s iy 153
Sl 53 Gl S Ol el (28 15 0T Ol Olje
A5 032 0 0 b Jsene Ll 3 s ail A, LS glas gl
S o U dils s &S oy eols 0L 2l Al

el s (g5 a5 Lol b o baazealS Sl IS (gl s

SSadens LT by 05 Ol wsupd S5 1Sl (So3lg

i b s s e

S35 Loy Me : Jfns 02inyys *



(a[)—?\“) \yas UL.M.\A) e o)lm.f: ‘Mn.lb LJLW 4&‘)) OLQ‘.S d)sldw) @'Jbﬁf - uolf— d.lm g

Yl Qg Looen jB5anms sl sl
B Cioglin oS sl 0390 (38l pos WS g sloaiLl
il glite glgl plp (bl ol 2y
s BADH 0.53)55 b sl 00 )55 m s
2 sloY il il auill
cblis 4 o 20 g ole bl cod oyl
Colll ()l B jl glipnsT jlud il 53 olS
Al g (g Colld Gl Lis g pdpdllas
Culld (ljl dhges ()3euST Jl33L (sladisS g
Rhodes &) x5 . sl sl cslag !
Hanson, 1993; Sakumoto & Murata, 2000;
ol of ole L8l (Chen & Murata, 2002
S ase)ly pls 0 Ljgaes  asdll
Liu et ) a>sq (Hasthanasombut et al., 2010)
(Fan etal., 2012) -y s  susjoumw o (al., 2011
ly isodsel sl )Kaly ol cpl ol onis o)l
2y Sr9d & polie (LS CVsae g
Lol ccunnl 0393 @3 poor jlannss dino oyl 3> by 23 oo
Wbl o 2 G byl g W gy 2 plol ol join
aox | pheo slrosiiS oasi 3l A1 claans )
Cuaglio ol Sl (ol (LS 23y (slaosisS pdas
3590 SIS )3 (69 (i 5l (26 (glanl talS
Ghoulam et al., 2002; ) cusl 43,5 )3 aalllas
YSNP) wlwg g et (Eqbal et al., 2012
2 45 Cwl (NO) 281 25 oSl o 5 Sy
Sgiagy ) (LS » Ab) oS elar e
& 2SSyl 455 5 ag 390 il
S ol s el ployply Jilge So lie
s Jgne (slog; Gl dlo I 2> (sla
Ceoglio g 0ad olS 1 ST 3l LS5 g b 3]
(Lamattina et al., 2003) s> . il;8l ) olS
e sl Jpaze o plgis 4 rejia
sgw 88y 9 e plpn o )3 (et (BB «2lie

3

A AW

S Ao e pe GG ) 9 LS
A o5 ]y alS (S sl 5l sl
Sl cage oSl (5 dbul b g a3
=05 & hjle (sl QLS (2llg5 09 0 A5y 00
GBS G5 ol Cse 9 b 5 55 4 ame Sl
Yordanov etal., ) 5,  Siws 2LS 1S, d>yo
JB o5k 4 jein (5)9 & Joos ) 9 5L (2000
byl 335, Sloe dgu (gl o g Canwl 0l i L
S5l slagusly (55 vz sliie B> 4 ()98 A5
opple JLS cusl o3 335eb (oob; > b
Ailed Ady 30 50 slalasee j3 Wilgn U,y (glodsg
oo (Sigmd g s UapislSo ) | S
LS5 ol Al (gond SlS 5 5 1)L ]
sl (b (Sdglie sla STy 05k il
Wler plcdglie o bad ol g Wl alS
ncdgad Ctld] 3o odon 5 OSOmadS
ool ol sl 5 35 o Jued ) (Sigand s
09 2 ) 1 5l 9305 0o Sl (9,0 o sl
(Sunkar et al., 2007) &5 o Cuiloe Joluo
5 ol oS bl S 5 Sy il e IS
bl )y SloGES oS st ghsel
8 590 S (5% 13 &5 SLS )3 oS 5
d 3 kS sl cblis 3y 5 wlass s
Oan oMbl (roml s dawgds (5)98 AT
2 dgge Slapdsy il Lis oSy w5l
slog;  Gbpcdgyy R (oo olpd
Juil soaisS okiy o 3l Slam sl oaSals
Bl 4ox5 3 5 gl gaos J xS 5 oS
it SIS ply > i sbapiilSa
Yamaguchi-Shinozaki &) .ib o 5]
- oY, (Shinozaki, 2006; Wani et al., 2013

05 ol Ol QRIE Co)ls plalS ook e

2. Nitric oxide (NO)

1. Sodium nitroprusside (SNP)



oy w3 36393 a8k (0 Ole (0S Ao (o 100 5 (shere

Blsl cuiS bz 4 byles pl Dy prdw 8
o Hglie,) 4 ol CulS gladiges S
a0 9 Syl celw A g Slidgy celw V8 Llys

K5035 Jaie o5 le 43 YORY &)l >

RNA gzl 8¢l
cuS L CDNA céls jslate & RNA gl ysel
RNX plus b 3l eslazwl b JSRNA (g;lolis
~dges polate (pl 4 b plool ()lsw €S58 ol
235 g le ©jl bwg (ols (90 (2L sl
oo SO ooy sl lagds Sue 510 4
IacosiigySun & S5 g RNX-PIUS Jolons
O Lo oBds STy sl Vo e 4 g Sl
Yoo Jlde 008 460l e (slod jo adds
Lol g Sue 5l o o a p)89)15" 2 Se
o (gl Dasee 5 00l STy 45l VO Cdo &y
Dad 5SSl oS Sl asyd B gled (o dddy O
5305 lo a0 ¥ (glod 1> 428> 10 gy S
D08 Gty Sl dlBd H0 g0 WWerr Gy
oo Bl Coguy 4 g Wb A (9 (29) Joloxe
A & 23,8 8T 103 Y0 Sl 2 e
(sl 3y (8l x> ¥ (glod )3 g Al (eSS
WA Foaty sl 488 10 Hed VA« + Cus puo g 4BEX A
B e ol SiiS Cogwy 4w dbgpe
wof sl Uy 8 ki iy S
L oole o plos 53 48BN+ Gdo 4 gy Sueg
RNA cuas w88 1,8 0,3 ol o0 0 glod
8 rogidy Sl (ST S8 4y 0 gl Sl
20l CunS g S Lbd ) 55T 5 59895801

Al b
O3 9 b JAS 0 glgte 4 oS8T Sl 5 )]

5 oS il ol b a8 WS e bl ais
4 Spd G5 balpd 3 dreji 3Sles S
Zaman et al., 2015;) cwl odw, <l
o33l sy o Jls & (Bunding et al., 2017
P B9y S i 3 8l I jge
) gl SIS 4 olS pl Ceaglie 3900 gl
.(Chen & Murata, 2011) sil (g alor |
b op Gaa Lol iagh olpl
9 o Jw olie p lgpg e
Ol o8 659,00 15 il oF Gl il

285 plxil (69

lhv';)g) 9 015,0
5 LS il S LaolSilojl )3 Ltalojl ol
SLEL pole 095 (alS ASy sleediS el
ol 2.8 )3 el 5 olBiily (659l 0aSiils
S5 Slabad iS5l Jeols sladigeiny jl ioles]
b 030zl ST 43, tonjeams 48l (glalgo

S Jlosl g CulS oo antd
Murashige ) MS cuis b 3l s opl ,o
5 9,5k yolie clale Cans L (& Skoog, 1962
9 ol Sl 5 3 25 e /0 Lol yon 5)S4e
2 e gl Syt 5 1) 5 5 oo /)
ol Jlasl 5 (i godigeiz) 5l
Yl cudS lasee dd )0 000,35 edlatwl wyy )50
ol 3 28 oIV Jstishlsee ) o5 e
o ppolisg s o3lis] (FEEDDHA) 49 ussSos
b cspa (mS9d9m 9 ol el SusSs
i bage 4y 1) 5 e D 5 )0 & il
daw g Jold sy 2)50 slo)lons 3 5 AL
(Ygeiske V-7 9 V- T T i) wlog g timaes
Soslisal b (;¥gadhe Vo g 0) (5y9 daw 93

2. CinnaGen RNX-Plus Solution Cat. No. #RN7713C

1. Complementary DNA
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#E00381

1. Reverse Transcriptase (RT)
2. Moloney Murine Leukemia Virus Reverse Transcriptase
enzyme (M-MuLV RT)
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