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Abstract

Two rice lines, IR29 and FL478, which differed in salinity
tolerance, were studied for physiological and metabolic
responses under salt condition (100mM NaCl). Length, fresh
and dry weight, sodium and potassium content as well as
accumulation of amino acids, sugars and sugar-alcohols in root
and shoot under control and salt conditions in two genotypes
were taken into consideration. After 12 days of stress, Na'
level, especially in IR29 shoot increased significantly while K
increased more in FL478. On the other hand, metabolic
changes in response to stress were different between the two
lines. More specifically, IR29 plants in comparison with those
of FL478 showed more changes in amino acid levels i.e.
asparagine, glutamine, proline and GABA, indicating cell
injury and senescence in the sensitive line. The amount of
sugars and sugar-alcohol as osmo-protectant increased in the
tolerant line; FL478, under salt stress. Our results revealed that
the differences found between the two genotypes in response
to stress could be attributed, at least to some extent, to the

observed metabolites level differences.
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IR29 FL478
Physiology parameter Control Salt stress Control Salt stress
(0OmM) (100mM) (0mM) (100mM)

Weight of fresh root (g) 1.65°+0.20 1.90°+£0.08  3.21°+0.45 2.68%+0.57
Weight of dry oot (g) 0.13*£0.01  0.16°+0.004  0.21°+0.03  0.20°+ 0.04
Weight of fresh shoot (g) 4.71°4£0.49 2.819+£0.02  9.01°+021  6.50°+0.65
Weight of dry shoot (g) 0.80°40.03 0.59°+0.01 1.51*+0.21 1.09% £0.20
Length of root (cm) 18.46°+£1.03  22.96°+0.42 15.60°+0.47 17.08*+0.62
Length of shoot (cm) 4558£1.83  36.56°£0.78 69.18°+1.81 55.68°+1.84
Relative Water Content (RWC) 86.51°£0.90 87.38%+1.19 84.87°+236 88.83"+1.26
Root potassium concentration (mg/g dry weight) 140.88°412.52 38.44°+£529 3598°+2.17 70.88°+431
Root sodium concentration (mg/g dry weight) 15.63°40.49  3023°+£2.33 19.83°£0.65 38.13°+1.50
Leaf potassium concentration (mg/g dry weight) 202.88°£6.83 103.88°+1.87 199.88°+4.19 155.88°+5.58
Leaf sodium concentration (mg/g dry weight) 14334044  29.63°+£0.82 13.13°:040 22.83°+0.47
K'/Na" in root 9.06*£0.93 1.24°+0.08  1.81°+0.08  1.85°+0.04
K'/Na" in shoot 14.15°+0.21 3.51°+0.09 15.25°+0.36  6.853°+0.30
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1. Gamma amino butyric acid
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Control Salt stress Control Salt stress Control Salt stress Control Salt stress
(0 mM) (100mM) (0 mM) (100mM) (0 mM) (100mM) (0 mM) (100mM)

Aspartic acid 59.70°+7.06 5430+ 1.81 39.048°+3.97 44.74®+468 46.12°+834  50.50°+£9.07 29.71°+13.72 53.89°+10.82
(Asp)

Glutamic acid ~ 95.30°+11.44  63.19°+£10.01  78.66°+6.84 81.10°+6.79 32.65°+2.12  32.01°+7.13 1437°+527 45.23*+33.30
(Glu)

Serin (Ser) 46.56°+432  58.05°+£3.82  40.40°+4.89 39.38°+297 1514°+1.12  29.63°+3.05 19.12%+6.41 33.43*+4.03
Asparagine 23.90%+3.61 23553°+2470 18.90°+9.98  68.72°+7.89  16.09°+4.55  89.65°+6.79 36.78°+17.84 31.90°+4.31
(Asn)

Glycine (Gly)  3.34°£0.61 6.89°+0.55 466°+0.82  552%+0.13  5.16"+044 4.87°+0.71 6.15°+1.73 4.51°+0.86
Glutamine 6.91°+2.08 27.86°+136 11587°+1.41 19.41°+3.02  9.79°+0.75 26728 +1.78 14.13%+4.12 19.12*+1.16
(Gln)

Histidine (His)  0.84°+0.17 6.41°+0.58 0.70°+0.19 2.18°+0.10 1.87°+0.38 349°+£020  2.10°+0.44  230°+043
Threonine 11.18°+£0.44  28.99°+1.13  10.38+1.20 1486°+1.44 849°+1.17  12.66°+1.35 7.01°+1.85  12.55°+1.65
(Thr)

Arginine (Arg)  3.59°+0.25 12.58"+ 0.46 3.84°+ 0.54 7.04° £ 1.56 8.86°+2.31 791°+0.64  6.55°+1.59 6.29°+ 0.85
Alanine (Ala)  22.56°+021  36.51°+3.07  33.72°+7.62 29.68°+5.25 27.77%+11.99 2825%+11.81 22.48°+574 37.49°+4.89
GABA 7.31°+1.03 13.08° £ 1.39 6.86°+£0.37  11.02®+5.17 37.62°+£7.55 47.59°+6.44 26.45°+12.15 43.01°+£11.30
Proline (Pro) 10.44°+0.44  37.22°+1.55 10.03°+1.03  1434°+£271  8.07°+1.03 14.96°+0.99  6.85°+0.70  23.53°+2.41
Tyrosine (Tyr)  1.99°+0.10 3.00° +0.30 1.43°+£0.11 1.88°+£0.34 4.18°+0.56 3.55°+ 439 3.25°+0.52 3.32°+0.50
Valine (Val) 452°+0.42 14.60° + 1.77 3.73%+0.11 7.23°+2.11 8.69"+ 1.03 9.85°+1.24  7.13*+1.81 8.41°+1.05
Methionine 0.16"+ 0.05 0.19°+0.03 0.13*+0.03 0.30°+ 0.09 1.36°+0.21 1.38°+0.56 1.04*+0.14 1.07°+£0.25
(Met)

Isoleucine (Ile)  1.78°+0.03 4,63+ 0.56 1.27°+0.10 2.02°+0.05 476+ 0.64 5.76*+ 1.80 3.81%+ 1.01 4,65 +0.88
Lysine (Lys) 228°+0.10 5.58°+0.81 1.38%+0.09 262°+0.16  12.50°+1.61  9.76°+1.82  6.17°£1.90  7.72®°+1.50
Leucine (Leu)  3.23"+0.06 4.65'+0.43 2.38'+0.21 6.02°+343  12.13'+1.76 1087°+1.60  7.30°+1.97 9.10°+ 1.84
Phenylalanine ~ 1.95°+0.15 12.88* + 0.40 1.30°+ 0.06 2.52°+0.16 3.96"+0.48 3.49°+0.27 2.58'+0.50 2.54°+0.36
(Phe)
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5. Ornithine a-aminotransferase

6. P5C reductase
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(Ansari and Chen. 2009) .8 Jos i

& Caws IR29 sy » o Gl b

5. One-Carbon metabolism

slooxins Jis) el (il b ady) & oo
Ueda et al. 2001; ) i bylys cod ep
Wiy My debdl g baes 4l (Ueda et al. 2008
(Sharma et al. 2011) ssl o wyy 6
Gl b Gl Sl e &5 Sl
(Good cuib anlys o 1) (Ala) Y ol
9 (ypl i & and Zaplachinski. 1994)
il ial53l FLATS ady) )5 aelisns
5 0398 oI oly ol ol
og) olysa IR29 oloaplul 3 (a5
2 b (¥ ) sl Gl el
(Ishikawa et al. 2010; gy » 500 wladss
(Widodo et al. ¢ Jacobs et al. 2007)
(Kempa et al. 2008) _pumssily] 9 2009)
sdalie (o)l dxe yuxi dduy 0 bl )b calles
Gl gy cnl ady) > Lad e 03,5
Odly s odnlie (6ymss slamplail )3 g0l lis
P Olyea G5 kil cod guedonl
(Kim etal. &S o Jos 'Olopy  (glopsd
&5l ©loyw .2007; Lehmann et al. 2012)
S b ) 1) ey ladsbe sl pY
Gl calple S e wrl 3 (355 sl JoSge
odid L Wlg5 o aisel cladmwl 4565 ol lade ,
e8> 3 oY (5l (S wal b (sl Sy 15
Jitt w3l ok S eVl 0l 15 Lyl
e > w3 odg) lye W bigal el
359bon Jib it {asgly g i alerdsn
(Nishiyama et 1S e 1Jg5 1) (859Me o)
2 olS l cdadbe o bS5 opl wal. 2010)
N> Slodas i 0j e g 0k sla i bl s
L (Hemm et al. 2004; Janz et al. 2010)

1. Pyruvate

2. Phenylalanine Ammonia Lyase
3. Phenylpropanoid pathway

4. Flavonoid
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o)y Ll (Cha-um et al. 2009) wlo>,$
ol gy bad Hlade [wliel casles
& >g (FLAT8) Jooxio o 5l Liw (IR29)
(Pattanagul and )b calas o> Cliass b

Thitisaksakul. 2008; Siringam et al.
g i bulys 93 oy B oyl lde Ll 2011)

ool gy Gl i Jeode gl o JyuS
Ools 3)lge (Sp p Sysba W3S ssalie
ol Oldllas il g9 i) oy (4 bxe
So g boSen I e gle & a0
Sl wp jn balure S puadglie )0 s
b Gl (SS90 Wl ol
(Li etal. 2010; Shu et al. 2011; Zhou et
S lgeds B cpl iolidl plplo Lal. 2011)
Lo 5 Jolho o otple Jomilly | oS5 s
AS 0 2l il bl
IR29 plus udgi) adoy ) jo)lle )l
oo iy 3 S Sl b e
2 el e bl .cdl wlél FL478
G gne yobas IR29 § FLAT8 5 Jleaslul
9 Ady) o oxdader 5o, lie il 8l
G bz ysbay 5 cou FLATS  Llsaplyl
e &S pl a4 g b oog IR29 51 iy

3. Osmoprotectant

ol IR29 395 ol (630l FLAT8 Cuios;
2l bglS Sl g5 ) s dielinl
Al sl ol ly e ool gl
ot I g Cguine (ROS) (jjeus]
owlel (Lemire ef al. 2010) &S o ll
IR29 lgmplssl j> anel clodul pin b o
) ool S5 4 Gl s 4 sl (Ses
S S siear by b A3l G0 «
(de Lacerda et uS Jos Jolw Clodwo (gly
Widodo et al. al. 2003; Lutts et al. 1999;
2009)
WS-8 5 i 1 (5908 A5 51
sbdsse  lyear o5 Jobe  slond
P S o Jos i )l o saadcee
cos gy olS algaplil g ady) ) adllas ()l
KBS B ep g agd A5 kil
5 555955 S5 ol s ) s (¥ gse)
oRlPl el 9 e lgeell 0 jg)lle
IR29 aiy, ;0 ogMeay .db L (gl sxo
Il 5o,5Le FLATS )5 o 59598 5 S5
Sy A8 Hlade lddsee (S i (gl dxe
OIS s gl A Cans Joxie Gugy

1. a-ketoglutarate
2. Reactive oxygen species

Slagaigl aduy o 2lepplil )3 (Sisyjg 2,5 Joo 9,50 a3 lg) b IS a8 5 4B ke 1Sl dunlio =¥ Jgas
S35 9a3] L (SE) 3 slial il olyem 4 (555 5 5 bl o gy

Sugars Shoot Root
and IR29 FL478 IR29 FL478
?ugglri Control Salt stress Control Salt stress Control Salt stress Control Salt stress
alcohols (0 mM) (100mM) (0 mM) (100 mM) (0 mM) (100 mM) (0 mM) (100 mM)
Glucose 8.98°+1.74 25.54°+3.14 1835+ 1.11 39.57°+£3.47 16.30°+0.90 35.99%+0.69 25.30°+3.56 33.62%+3.66
Fructose  5.98°+1.38 22.511°+£2.96 19.98° + 1.42 3527°+2.86 17.60° + 1.30 3533+ 0.44 39.83%+ 7.86 43.05*£5.24
Sucrose  41.29°+£5.17 221.97°+14.27 210.34°+£49.42 304.02° = 18.60 10.49°+3.45 16.98*+£1.23  2572°+5.55 68.97*+1.81

Inositol 1139.84"+ 141.41 882.26"+33.92 1251.38°+ 149.76 891.31° £ 117.14  286.69™+£35.79  240.51°+£523 388.21°°£20.06  452.84"+71.63
Eritritol 3096.50"+129.64 131.43°+52.02 136.72°+38.82 823.56"+ 39.89 129.56" + 7.84 24.54°+1.50 18.19°+ 4.56 19.06° + 3.14
Sorbitol 200.33°+45.69 435.36°+43.60 269.73°+£927  276.27°+0.10 132.09°£9.62  262.02°+£4.14 266.16" +39.90 285.73" +24.36

] o3 O e grdas )3 I3 gixe BT oximd i (b Hlogs 9 b iy Jolis) Jlaw b j3 gy B
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Sy Wgdie Cguoe (Splie (b jns
CliSSgganl b Ol Pls bt (gl cudgoul
OB ok sy Sl ol Spedey sl
by oo (slouyiol cov olS 0 Lege
&b 53 &S (Majumder et al. 2010) .S
4 Jooio glacuig » pepada cligs
(Widodo et al. 2009; wlasl,  yioli8l ()9
b SI-aE 3 ad Zhang ef al. 2011)
o i oS it GISSIS sn (clod gl
S (oo Wl Jobo sl o351 Mg 5
S 5 4o

JB opgs & e ol B ()l
4 Joos bl jl wp cg) 90 0w ldlaaMe
» K'/Na" cous DYl )l dexg ()9
Joss ) Sl i baylys 5 FLATS lonsll
Jesipde g Cuol IR29 & cuns iy opl i
bl a5 ool sl Wlgiee o] St 39 0
O balyd ) G ol wlda b olS plpli
2l Jobe pedgilio 5 (sl cud)b Sl o
Ly 26 Joot Wlgh oy oS .S ]S olS
Jo oolge Jlade > i g Mg b A5 Ll b 4
oo )3 1y (sjoml Josiliy &5 b JSI0i8 5 Laaid
(S5 Mg g ogMe oS A S imd ey
S o Jos oamacMe laJsSlge (lgisas
Llos )5 TR29 L awlio ,s FLAT8 olS cplb,
SSal dnclynng S 3 i AL i
3 yubn My Glp ) S gle 4 (i
ol g (Al oMoty S o oal0
ol ks &l e jlaia TR29 5 aiel slaaed
o3 )i a8y s (559 bl yd b ()3l &,
I deb @l a4 ag b bl Jobo Sloto
ol ] 9 (Slplie 9 (Sfglgr b s
SR Ol @r o9 & Joxie g

3. Glycolysis pathway

el collad adl iy (690 4 olS Cumlus
o5 4 gl gl exadJsl sl
(Cao et al. 2011; Ibraheem et sl o LialS
olypls @l 2011; Siahpoosh et al. 2012)
OllS 2lonplul 3 & cpl pogMe 55,0 lade
adyy 5 ol IR29 5l iy yis cow FLAT8
(Boldter Jlasl cud b udpald bl & 50
owliel s s b e )38l wl. 2011)
oS 5 Gl Soe FLAT8 ady) ;5 59,8l liue
il ol 2 apge slajsSeh 5 SIS
oRlPl wes e 559,89 9IS e oS (gyeboay
S le ol (i o dduy ) ¢ olgpplul )
ol oegMe S5 Hlade o iliEl LY
S 5P el Cwl (e il Jouily
odboyin lasd & Wb Cloyw e lp
29550 o gyl 9 Olly Al Glod
5 delslaswl opl Gl b gl bl oS
33,8 o0 3l oadplosl adllas
Wl 0ad 03l LS Y Jods 0 &S jeb lon
lorplsl ) Js )l jlde (6)98 balpd cod
P S Iy cdb gy gxe LilEl FLAT8
ol oialzel b ol gl sxe ials TR29
ol Jeos ywliel eaims lis FLATS > culglie
e cpizmod sl ()98 A5 blie 3 e
» bl b juals 55 IR29 ads, o Jeu o)
2 Jstge slde Sle (Bb uSgh FLATS
2 bbby i jb xe ]38l IR29 Sy g ad,
S Jguyew i odalie (g FLATS
Gob Gl & cwl g 5l Jpae
Jatte 4ty & Sy " gy (sloorimns JUis
bulyd cod bagnigy cpl 0XISUS () & 298
(Huetal sl o ol Gili8l odjpe sla i
25 are lipl 1 &S SI-uE 2006)

1. Sucrose transporter
2. Sorbitol transporter
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