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Table 1- List of primer pairs used in expression analysis of genes involved in fructan
metabolism and remobilization.
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05 el L S, S5kl S Sk .
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Gene Accession Forward Reverse Length
No Temp.
. (bp)
I-sst  AB029888.1 GCGACTCTGCCTATCACTTC  CATAGCCCTGTCATCAACAC 62 88
6-sft  AB029887.1 CGATCACTCGTATGTTCAATG CACGGATAGATGTTTCTGTTC 61 118
];{‘;h AJ508387.1 AATGTGGAGAAGGGTTGGAG  GGCTATTTTICTTTCCTGCTG 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
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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.

Sla e Sk
Mean of square
St v Sl o Rl 0S8 sdee JUEL s S
SOV df -’UT RWC : Prolin Hexoses content Fructan Rem. Yield
o 53 1 17.5™ 0.44 164.4 3.9% 0.001
Genotype(G) ) N ‘ ;
Salinity(S) (g5 1 89.1 0.13 2.9% 61.8 1.302™
S 5% o 535 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" Slagme 2™ /00 gl 5 51 JM“‘

sl (g p slgome (1) oms o (slses (4590 53 0 5) s s Shos 0 Kls dmslis —¥ J gt

(e 5 2 o S de) s Ra (gl siomn 5 OLS 5 6 2o

Table 3- Mean comparison of grain yield (g per plant), RWC (%), prolin content (mgg"
1), fructan remobilization (mgg'l) and hexoses content (mgg'l).

E S5 e 2 gl 3 S es Ry OUS 58 s JUE Lajs 38 gl yms
Genotype RWC Yield Prolin Fructan Rem. Hexoses content
NS NS N S N S N S
(Bam) 84.0 " 84.6° 0.73° 0.83° 0.10° 0.75° 26.4° 33.0° 45 118
r 81.3* 77.1° 0.86" 0.73° 0.18* 0.23° 37.7* 28.0° 3.4 33°
(GhOdS)w.ﬁ

003 DL DLy By O gt 3 5 ol 0kt plol (LSD) s ine S Bl 83051 51 solital b /00 gehans 3 a 1Kils alis
G| )hdm;»‘,w f.\.ﬂ

Mean comparison at P<0.05 using Least Significant Difference (LSD) test. Similar characters in each
column shows non-significant difference.
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Table 4- Analysis of variance for expression of the studied genes under terminal salinity.

Mean of squere  lxs 0 JKJL«

3151 e s

Ol s s 1-sst 6-sft 1-feh ivrstem sut 1 sut
SOV df stem stem stem stem seed
o 55 1 5357 1477 207 1.14™ 008"  0.00™
Salinity(S) 1 1987  021™ 1.1 414" 04" 1.02"
SXG (55 5% o 85 1 3.9" 0.16 207 1567 037 0.1"™
ErrorUas 8 3.8 0.39 0.8 7.3 0.05 0.27

Jl.sJ'.u,”.'cns VAR ch..«): sols J'.J*uwo ch..«): D d’.u*
Non-significant ™, Significant at P<0.01” Significant at P<0.05"
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Figure 2- Mean comparison of I-sst relative expression to the normal level of Bam at 21

after anthesis using LSD test.
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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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Figure 3- Mean comparison of /-feh relative expression to the normal level of Bam at 21

after anthesis using LSD test.

At



(\‘“W' g)b’....aU Y OJLQ*: A e)".:) 6}J‘9L"&S 63}3.9‘;3.9:‘4'1’“

03 Sbosel Ol Al KE s L adk
ol oals Olis S O gl slas Sl
A VE o35 53 GRlE ol Ol el
Jl i S ol Y0 s s 5 by S
Jusl 5 OLS 5,8 a0 Oley cpl s .l 03
Moy Coenl Sl )3 4Bl el Syl S
alo 53 OlS g 3 Jlome u3 JalS L &S US

s Al e

o on
3B s Ll date el a4 Slybea s S
o (Kim et al., 2000) xS . JxS
b 4w Bl s s 55 b by Se

s aEs e ekd s glass s sl
osleil J)j.a u_{g}»l.’;c Lél'“_].'."""’“ PL WU}L
Loy O o Slls by a5 3
Clad Sl a4 e 45 0o (G 4 e S
S ) rﬁ) U'i‘ BE JJJKA Lgl.&.)m.; .,\:.SJS 9 v_ijj
ﬂL& L3 La o.)\;j,\;r)l.é.ﬁ L;LQJUJ}».:\ BL. k:a.w‘
S ks 4 e 5 adls 28 mRNA
»> [(Huang et al., 2007) Lss o oo 5555
Sosal 05 Ol e s (S S s
i Sllas s (Kim e al., 2000) 3 5
Lf.”f;:jﬁ: o.XJJS)Lg.a &-g-; 49 J"" U’l‘ e
JJ‘J CJ[;—J L)}l..u °J|ﬁ" )U)j“:’.‘ 9 dljjSU
sy ivr O3 Ol b aaly s .(Jin et al., 2009)

Wl 3 ods YL 05 Ay 0 S
LY Jadr) osd o5 50 aBle 555 s
A Joedly 5 oo by Iofeh 05 5L 0Ly
53l OS5 5 s 3l eslind s 1y o3, ol
55 a5 a3l e ISET Wl 5 See W5
S8 (U0 oy does JUH L t8 3,
Sogs b Ifeh OF Ol s el sdalis
Zhang et al. adlas il 545 Sl oas
Joes A3 Hluie U I-feh Ol Olye (2009)
05 ol VL Ol 5 il e S aila
Sdeme JUl (VL LIS gl st Ol e 4
A e sloe A5

33 2 3 Ifeh Oy Ol e dald Jlag 5o
Mo Yot s oo P 2 alle o3,
Sl Sl 0bSs s SYL ldie ozl
sdoes JUES! 5 s lp 3 el e
5l Cod S o e ged ealind
Viaz! 5 423l 15 05 ol ol 53l oles Ul
Jts o gl Dy kS syt 1
el ek sgdee O sdome JlSl o b
22w oo oo Iifeh Ol Ll 4SS 5050
el mle Do al oo @ 25l
ol Of sdzes JUisl ill 4 aeie o o
sl

(1) 55515 365580 03 B e
5l sl ¢ by mls Wil
S o3 sl Ol a8 W e 5l g5
@20 53 o 53l 5 30500 Ol Oy (6554



ALER FEAPRPSpE

U"J»:jjJYf' L;\V\ Uc";{i.ﬁ-)l.a.;JJ L;é.«\.lf

Gl OAs ey by sl Julpl aulS
Joudi, Yang et al., 2004; ) d, Sli> o

4.*.“.)44 Q)»SU 4.'1‘) Q.L.Zﬂ 092 vja <=J.«§ 43\...4
)U)ﬁ‘ CM.SL’&.% SOr B ‘)‘5 IR ¢l>u\ LS‘

Cl oS s b sl Sis i b

(2009 j\wdﬂm):@j‘ﬂls&j\wﬁ)j
- = NorinEl wslo
rvr
=8 8 4 a Siress s _jsT
.2 6 - a
5 &
tz b
20 - I
0 [ ,
Bam Ghods

3 oesliial b pulE 3 s YV 5, o o oy Wald 4 ced i 05 Oy ol duglis —¢ K2

LSD & 4051

Figure 4- Mean comparison of ivr relative expression to the normal level of Bam at 21
after anthesis at 21 after anthesis using LSD test.
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Figure 5- Mean comparison of seed sutl expression relative to normal level of Bam at 21

after anthesis using LSD test.
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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, /-sst and 6-sft genes contributed in
fructan biosynthesis, /-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 /-sst, I-feh and ivr genes as well as seed sut/ gene in
Bam. There was a significant positive correlation between the /-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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