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b 5 (St sla 25 55 OF e 5 LS5 3
Kawakami and Yoshida, Xue et al., 2008)
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Promega s ,.: ;I (RNase-free DNase
S Gl Sl Oleabl g 238 ol
243 5l RNA L PCR STy DNA L
A el phg 03 S50 51 eslid L DNase
b 05 Ol (omd s 5 CDNA 2w
CcDNA ;. sl :Real time PCR Gy,
BIO-RAD, iScript cDNA .S 5l eslazal L
L Real time PCR _:sly 5 synthesis kit
(BIO-RAD, iQ Syber Green) .S 3l sslazul
(E) 2L s skie 0.0 o3l Supermix
Real Time PCR _xsly ;s S50l s ,a
CONA byl Sl 1SS 55 b &35 S 2
O 3l e g A ) Sl e 5 4
wle ST Cax o LIS
(Pfaffi, 2001) (1 ,5) 5 S
E=(1- 107 2/51Peyx100 (1) J a8
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(Pfaffi,

oeo b0 ol Ol
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s Ju 5 (Paolacci et al., 2009) x> J xS
f S alte gl 25 03 05 Ol Olge

.Mcw”.' v_’ MA" V-;‘)ML;

Jse
—"L'fml..ger:jf.'unrru[—samp[e}
[target)
—"'cfref:jl.’.'nnrrni—.samp[ej
(ref
rf )\ oxlaru! L: (aosls JA}J RS

M..:LS.AJGLM 9 )‘ a:l.ﬂ.?...u‘l_ajSAS )\fo\

g > LSD Oa3l 5 eslizal b L Sl

@)

ratio =
E

79

AN sz sk 0 S5BT b
Bl OS5 3 sdame Jlasl s s 05 =y Ol
05 s sutl 5 ivr A-feh 6-sft 1-sst |ols
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sodale Osle 55 mle 035,00 SS L elS 5
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sskw 4 .(Chomcezynski & Sacchi, 1987)
whle g 5 osthe CadS Sl Oleedl
3 S Sl Bl el L ek s
Sl B S S e n 25 s S
RQL ) DNasel .S L o5 DNA S,

' Similar to phosphogluconate dehydrogenase
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Table 1- List of primer pairs used in expression analysis of genes involved in fructan
metabolism and remobilization.

R ——

. Jsb
ol o o Jlasl sles J
o¢t ts S a5y S5 225, ST . s
S Annealing (©)  Product
Gene Accession Forward Reverse Temp Length
No. (bp)
1-sst AB029888.1 GCGACTCTGCCTATCACTTC  CATAGCCCTGTCATCAACAC 62 88
6-sft AB029887.1 CGATCACTCGTATGTTCAATG CACGGATAGATGTTTCTGTTC 61 118
1\;\‘;§h AJ508387.1 AATGTGGAGAAGGGTTGGAG  GGCTATTTTCTTTCCTGCTG 61 125
ivr  AF069309.1 ACGATGCCTCAGCCGCCTTG GAGGGAGGAAGTCGCCGATC 62 122
SUtLA AF408842.1 TATTCCTGCTGCCCAAGATC  CTGCTCTACGGAGTCCTTAG 60 159
SutlB  AF408843.1 TATTCCTGCTGCCCAAGATC  CTGCTCTACGGAGTCCTTAG 60 145
phg  Ta30797.1 ACTGGTGGTTCAGGCTAAAG TGGGTTGGACGAACTACAAG 62 92

3 S (04 J2) 55558 slaas 5 Bdsi)
I RSP o ISR S SR =IE
Pl 3 55 OBS 55 sdme JUi ol (5 5a
oAl SRl s e sosd b e s e
Cossr o dwy 2 B @ (Bdsa) sl
Ol Gl 6,80 od Jlasl b sles!
355 g o gl 53l olS 5 IS S
Wl a4 e e 15 pl Bk Sl s ey
5038 o Jemte 035 55 sdeee JUil S50
g 30 b OAd  db s s Ll sl o
adas wle 3 s Uil 5 ool pu b
Sy 4l Oy bl el Wlg e aS LS

s Gl slg s Slas 5o
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Usj‘gjih LS‘}:’“ ;5|.\> “;Q‘gﬁ: LS‘}:’“ (Lo ui 6‘.9:‘"“’ olae u”‘.l‘.J‘J @ P -2 d}.&?

(S Cjk.wJ; BRI - CBJ‘ Sl als 5 ,Slas 5 OUS 5 5 suowe WS (5 S 5 3+ 55 4IS)
Table 2- Analysis of variance of relative water content (RWC), proline content, hexoses

content, fructan remobilization (Fructan Rem.) and grain yield for Bam and Ghods
varieties at salt levels.

Sl e Sk
Mean of square
Q‘J“.."’JC“‘"’ a3 u]d\j};u u»:J);i La)_gjiaéljbw QLIS))JJNJLEJ;\ JJW
SOV df &1 RWC s Prolin Hexoses content Fructan Rem. Yield
. ns ** ** ns **
o 85 1 17.5 0.44 164.4 3.9 0.001
Genotype(G)
Salinity(S) 5% 1 89.1™ 0.13™ 2.9 61.8" 1.302"
. w s e 34 ) ns 4 . .
35X o 55 1 102.7 0.34 0.117 566.4 0.117
(SxG)
Errorlas 8 7.0 0.003 0.36 10.7 0.001
Non-significant ™, Significant at P<0.01™ SMsggme 2™ 001 o 55 5 )ls me ™

Bl (g p lgmes () (s ST lgimms (552 53 0 8) &l 5 Mot :Kils aelis -3 Jsur

(oS o S hee) s 88 (sl giome 5 OS5 b sukoms
Table 3- Mean comparison of grain yield (g per plant), RWC (%), prolin content (mgg

1), fructan remobilization (mgg?) and hexoses content (mgg™).

55 e 2l (Sl gma > Shos oS OLS 5,8 3dme LS| L3555 (gl s
Genotype RWC Yield Prolin Fructan Rem. Hexoses content
NS NS N S N S N S
(Bam) 84.0 2 84.6° 0.73° 0.83? 0.10° 0.75? 26.4° 33.0 45 11.8°
r 81.3 77.1° 0.86% 0.73° 0.18* 0.23° 37.7% 28.0° 3.4 3.3°
(GhOdS)w.ﬁ

ol Z)L..Sé «JJ)» b‘,:.m BB ) oS rlqu‘ (LSD) J|>‘;'4.a M| J‘;‘"\" :)"ﬁji )| salanwl L) 0/05 ch.-: 2 7y wgal,_.n 4...1&»
el Gl e O g phe odins

Mean comparison at P<0.05 using Least Significant Difference (LSD) test. Similar characters in each
column shows non-significant difference.

355 Jlsgme O 5 (g5 osle I a5 B-sft 0 Cot yp 0 B 05 Ol awslas
335 21 0bss 3 s 2 3550 005 2l Ol Soss 5 s sl
I3 0 ol b gme sk 4 pAS ) 35 Ok sbesls Sully 4 mb

Soly Sl gme blime Sl @Asas) <6 S 3o Jead Gl osd A e sls 0L
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3,50 05 Js Xue et al., 2008) sl !5l
P kS Wy OAd Al e s 0T Ok K Ss
ol pll ey el 0l plnl (glanlllae
S5 b xS sl Lesst NEHINCN PP
bl ol sls ol Juab slenl Sas
Yangetal., ) s8Il Lals dsy A5 65,
Sl Gosd 5 b dus s 5« (2004
3 21 55 5 1esst 05 Ol il ¢ Jead
anly Sy (graml ks W s aulS

Lk

33 Soxh boagrlse 3 pB)l Cogline asmuly
95 Bl 55 pw 350 OS5 Ol ol OLLS
SR Goss HU cas Gslan b 4 3
Klas S

mAl 4 by Lsst 05 Oby ) p
DAl 5 JisSe A -1 8-, 0
Soss by 5 @l 53 1588t O 0Ly Ol
3/1 Ol SIS PRSTING| Y U P PCIN
oI B 2 218 Ol 4 B 035 00 5 5
b p kS Bl 5 05l Ol (1 JS8) sl
Sl 03,8 g0 53 Jeab slenl (S A

b G o gh S5 ) 3550 SBOS amd Ol bty 4 e -4 Jgu
Table 4- Analysis of variance for expression of the studied genes under terminal salinity.

Mean of squere  &la o S0l

St ae ol 4y 1-sst 6-sft 1feh o om  SUtl sut
SOV of stem stem stem stem seed
P 1 5.35™ 1.47™ 2.0 1.14m 0.08™ 0.00™
Salinity(S) (5,55 1 19.8™ 0.1 1™ 414~ 04™ 1.02™
SICHPSC NI, S 39" 0.6 20% 156~ 03" 0.1
Errorlas 8 3.8 0.39 0.8 7.3 0.05 0.27

M3 pan " 0/01 ch.» FERUEIE ‘;'.u** 0/05 ch.» SENCEIE ‘;'.u*
Non-significant ", Significant at P<0.01""Significant at P<0.05"
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1-sst .
= Stress o5 =
g 4 4
z a a
Tz 3
1,2 o b b
E 1 -
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Bam Ghods

b a8 51 e 21 555 5 Jeoeie o3, Aald 4 o Losst 05 Ol S0be amlis -1 IS

LSD & 4050 31 esliza

Figure 2- Mean comparison of 1-sst relative expression to the normal level of Bam at 21

after anthesis using LSD test.

i b Sl Sas s oS
2 OB s 3 s slap sl ol
OF 31 5 381 BUS| kS 51 o Ul axia
(Yang et al., 2004) >4 Js5 ol Ly,
305 sy sl ol ol asdlas Lol 5 s
Sl 355 05 cnl 5> Ol SRl gaps &S
o 21 550) Sl Gl L3 5 Asl esll

LS b1y pialS K, 05 0l (a8

mAl 4 by 65ft 05 Ol ) p

R Al 5S4 -6 OUS 55,
3 21 Sas s ekl ety s b
#3553 3K e 5o s e Sl (a8
el slize el s 2 USE) 545 s e
B 0By 53 Ol Ol B A Eel 650 @
02 3 S ol pme psb 4 Sl co
oy p ok <=l>.u.‘ adlas 53 T Cs =

1.5 —
= a
FE 1
1=
= 0.5
=
D _
Bam

O6-sft

Ghods

MGAMJ.‘&I‘%ZI J’")J.b

2 Jomeie by dald 4 e 6-5TL O3 0Ly oSl aslie -2 K3

(Sog5 sl 53 8 g 4 el

Figure 2- Mean comparison of 6-sft relative expression to the normal level of Bam at 21
after anthesis between Bam and Ghods varieties under salt stress.
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FB SRR VL e JLESH L Lz o35
Ol e JWEIL S W8, 4 Cond g s
s Jlasl Wl .(Zhang et al., 2009) . ils
s sl I-feh oly 2ul58l L Ol jen OLS 5 3
QLA) ).5 (3%&).«\.&)& QL:'J VJ V—;) ).) LS)}“:’
Nasdas Sl okS, 5 el il Ll
ST 5 OS5 0ud anSs 4 e Ll e
Olps s p b 255 5580 5 55553 g3l
5ekS s Sos 5 Cow sl ) Sl
J.p\ybgn.\.lf IV I | W | Y-S FRVIP RN
SSdns fok e U ooss, 60 Sl
2ok FEH w3l cJls Olpe ud jaseis
53 i dal e by b e il Lawls O
wl e Bl Sas3 Jbys I Loaslis

.(Yang et al., 2004)

mAl 4 bgye 1feh 05 Ol ) p

3 ooss Jlsl ¥, 81 eSS
2 sems BB Rl e e S 60
23 A 1w 21 55, 55 1-feh 0L Ol
s el 035 50 S s A fete 3
BB o4 arg b sdalie (gl e
sdoee JUiBl Ol (BUsdr) pSKle anslis
=03 Sl sk a4 o b Ols, R
Gogt A 03 I3k fals B sy Rl
sdome JUESl o ol 5 e Sien
O/71) az saalin 1-feh 05 Ol 5 OS5
Cm e A3 e gl Wbl (< 0/05
5 dsbms Dldea s S il L Ifeh Ol Ol
Sl sy ol daly sde Jll 1S
Lyl i b cilires Sllas 53 &5 e ol &
SO 2alS L 05 ol Ol il & sline
Dasia 5 A3l e ol pen sdees JUl 5l 3l

3 &“'ﬁy&jd|ogdﬂ4§ﬁ

m MNormal sl
f-rer:
= 3 Stress (c_j %
.% a
F 2 2 -
. = b b
L: 8
R H
Bam Ghods

Soos w1 s 21 54, s o s Wl 4 o Iofeh O3 0Ly ol Awslas -3 IS

LSD & 403

Figure 3- Mean comparison of 1-feh relative expression to the normal level of Bam at 21

after anthesis using LSD test.
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5956l Ol Gall 4 Ks js cdl il
sl o3y OLES S O b slae Sl
Ar 64 By s Rl Ol ol
Jbp = ol 2/5 s s 5 Jyp Cl-
Ul 5 OlS s 5 a0 Oleg cpl 43 el 035
e el BLe 5wl o S PR WP
Bl 53 OLS 55 Jghome 13 28 L 45 0S
Ja! o jon
3oL 4t L) dade el 4 Oldea s S
=< (Kim et al., 2000) 1S - JzS
o e Wl s sl S b Ly Ss

=l .3 Jsd=) 55 s 51 VL (gols sxs

EE U BESEI R R sl Ka syl
oslaal 3550 Sl gla s 5> Al
Lo msisy Sl o Slaks L5 w5 13
I
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5o Sleas 4 e 5 adls 28 MRNA
5> ((Huang et al., 2007) X ss oo oo 555
ol 05 Oly o b (S aallas
S GBS SUosl ol a5 2l
S Sldles s (Kim et al, 2000) s S
S Sl sy el pl e
J)‘J s ‘_ﬁjj.l.w °)|j:’,'> ‘)U‘)j":’.‘ 9 &UJSU
S ivr 05 Ol L adaly 45 .(Jin et al.,, 2009)
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Abstract

Remobilization of water soluble carbohydrates of wheat stem especially fructan play
an important role in grain filling and yield production under stress. To study the effect of salt
stress on the key genes involved in this mechanism, 1-sst and 6-sft genes contributed in
fructan biosynthesis, 1-feh and ivr genes involved in degradation of fructan and sucrose,
respectively, and sutl as a sucrose transporter gene were examined in Bam as salt-tolerant
and Ghods as salt-sensitive varieties using Real-Time PCR. Salt stress was applied since
anthesis by irrigation water with EC of 15dSm™. The experiment was done in greenhouse
with three replicates using completely randomized design with factorial arrangement.
Sampling was done for stem fructan content at five points with 7-day intervals during seed-

filling period and for measurement of prolin and relative water content (RWC) from leaf and

gene analysis from stem and seed at day 21 after anthesis. Fructan remobilization was
estimated by subtraction of maximum and minimum of fructan content. Results showed that
salt stress had a significant influence on RWC and prolin content and induced fructan
remobilization along with the stem 1-sst, 1-feh and ivr genes as well as seed sutl gene in
Bam. There was a significant positive correlation between the 1-feh and ivr expression and
fructan remobilization under salinity. Based on the obtained results, Bam had higher capacity
to hydrolase and remobilize fructan by up-regulation of the critical genes during seed filling,
so it was more efficient to use stem reserve carbohydrates and produced higher grain yield
under salt stress.
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