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Figure 1. The pathway of fructan metabolism in vegetative tissues cells (Xue et al., 2008b).

S i Sl 25 5 ok anls oy S 5 L S
G 5 e Sle YA OIS Jas ias s ) oY )
Vo (Olu®) L,:.iuj .A;-ljj.a):}.sﬁj:ﬂd:jbb ol
L asbalS ssd 28 lases 55 OlalS Lol 545 4 5
53 Eela A 5 (65 ol am s YA Ld) 355 sl
Loy 00" by (6,8 il a3 WA L) (S50
Wl o e e S Y01 S sde SIS
ol s s b 5 dlesl O3 B 5 LS A

L s
5 ol a2 5 5 Jlslig,ls plged 5 S5 Jles!
A el (i |8 55 ¢B) e S 0l 4l e
L, s s LagladS e b, (Zadoks et al., 1974)
B RN IR PR - Solal G b Sl sl
Csby s (Si 0 Bl g e i IS
—be asi > 3 aSlss el s abe s OIS
R VR SP-3 N WL i IS S I WP o
g 3 QLS adu) 5l alal & pots (510 4 5
@ slaole; 5a) ey V Sl sladol js Slisles S
w2 S ool (Ldlos 8 51 g 39, YA 5 YY 8 Y
S 590Y) 5 V) 05 Ols s b e slma gl

.)J-."J'g DL GLA CJ)‘ BE) QI J—.’.J’e )\ o (&L;.e\aajf

A

Ol adllas 5,50 48 Glailo Jl> 4 b aS bl
(A 5 S sdoe JUl 5 e lie 53 S5 0]
Ot A D e oS Ay 3 S S S
555 a0 Ol S 5550 55 SAI Ol s
SR e Laasls 0 (b OKSsh eed silie 3
=) ol als s pdS Ak s el (S
s adyy 31 OLS 58 sdome WD) ) Bla b g
53 555 Glals (s Ol anlllas ol jon 4 p S 4l
GRS S S iy 3 OS5 s 5 e
bl b slesl Ko

CI-TPIIRe

SiosLiS pske oK Slidew kS s tlesl
slge ks L ITAY-AYAY Jl s 08 5 aks lis
T-65- oida i ibge (0¥ Jols rassy ool (ALS
551 Ol Sl ge =Sl 4l 5l ool 7-1
Sheslial L) ey 4 Caoglie asl Goia L Ol 5l o]
oS oy ol en s (el La L LS 655
35 35m (Gls 03) OF iy oo Olse 4 b
el S 4y et 5 Ol e LSL“(‘JKJ\N
33 SlaamalS 5 B Sl oJKilesl s by

eSSV ol QOIS s 1SS 4w 3 83


www.SID.ir

UL 5 LS 5L

L sdsiz) il RNA &S 5 oS DNasel e
s S s ST U5 55585, 5 (6 jme 585 S
Fermentas s, 5 sslgiy 55, 4 CDNA =L
OLej 3 (558 Sl Glo iy la Sy s ol
Seslisl Ly ;25 Koo Yo oo 53 (GPCR) 3l
oolse e <S) SYBR Green | SO, (g5l
Lot g (085 ek sl 5 (5555058 pske oK1
S5 sw LSS aw LBi0 Rad 5,5 1Q5 o&zus 53
Ls S

isolel Jdow gam 205 5 eslil 35 4 (sla S50
G ol ealal gla S50 b sy o Sledbl
OS5 3 3o 53 1555 S0} s Ol S L3
1-FEH) 0LSs 5 5dsa 5 (I-FFT 5 6-SFT (1-SST)
3 ST 5l el sal V Ui 53 (B-FEH
Ko s () Jsd) L ZlAl ety Sladllas
05 50 Kas 1k AllelDT l5le 5 5l eslil L
Goncalves et ) Ai eslewal =15 J =S s GAPDH
.(al., 2005

Al 2 05 e Ol o a3 1ol gla 5IGT
J =8 0lalS a s (Paffl, 2001) Y 784CT 1,
L 05 Ol sbaesls (oLl Jodomi sy o A ol
L Lol avylie 5 GENEX 6 1 33la s 5l slic
gl 53 5LSD is, 48AS 91805155l 5 5l eslicl
A el o3 0 Jle|

o 00hn g e 55 ;855 G0 Oly i SEF IS L

Sl a5, S sl a3 A e
oo Laaiy; O 4 sl Sb Sl laay; bl
SIS b s arns ST L 5 A S )13 e o5
(Ehdaie et al., 2012) 5, 1 LolS 55 4 Laaly

S S o3l s line 4 10LS s B gl g (5 S 05100
Jslee Shdon 5 Sl el Il aly 5 OLS 5 8 (gl s
sdes3 A S ISl 5 esliul Ly Js o s
S Lol g3 dsdoe Dlhda s S clile g Sl
.(Dubois et al., 1956) .z sl ol Vppripwagt
G50 Gk L 5 5 SEE S oS (sl e e
DSan 5 syl g el sl ey
s Ll ¢ Sl (Hajirezaei et al., 2000)
(HCIO4) SL 1S gt o5 5,50 5 Laoplsy 5
Cble sl a5 558 5 coble (il Ol
= 035 oS Laalsl s aal e 5L 5 aols 8
Cble e s sl 5585 8 5 58
{(Hajirezaei et al., 2000) ol s 4 LaOLS 5 3
Jlasl :0laS g 3 sdome JLESI ol )8 5 sdoee JLaS
Bl 5 Sl o Lols 5l aly ) ObS s 5 sde
JUasl LS o amloee LESles S 51wy OLS 53
OLS 53 lsmmme 2SI 4 sioms JLES] s 3l Skoms
(Ehdaie et al., 2006b) ] s

Ll (e Ol 2l0) Sl 10) (oms Oly (o) 2
Lol da g sladas oos +/) g 51 S RNA C\Nl
Sl ey i el (Bio Flux) P-Biozol =S 51 eslized

{a.,\.‘f BE QL“S_}J.‘) Sdwe JLs! axdles 05 ekl oslaul ‘_;JLAS}\ LgLﬁjijCj -\ J},\;-
Table 1. Specific primer used in the study of fructan remobilization in wheat
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Primer name Sequence (5' — 3) Tm (°C) Band size (bp) Reference
1-SST F: GCGACTCTGCCTATCACTTC 60 88
R: CATAGCCCTGTCATCAACAC
6-SET F: CGATCACTCGTATGTTCAATG 60 118
R: CACGGATAGATGTTTCTGTTC
F: GGTCCGTGGAGCTTCCTTTTAT
1-FFT R: CCGGAACCAAAAACATAAATCAA 60 93 Xue etal., 2008a
1-EEH R: GCATCACATCCAGAGTTTATCC 60 145
R: CCCTTCTCCACATTCACTTG
F: GAGCACACGGCTATCTTCTTCA
6-FEH R: CCACTACCGAATGGTCAATCAA 60 193 Khoshro et al., 2014
GAPDH F: TCACCACCGACTACATGACC 60 121

R: ACAGCAACCTCCTTCTCACC
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Figure 1. Fructan content of the root in bread (A) wild type and (B) mutant line in control and drought stress
conditions
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Table 2. Mean comparison of fructan remobilization and its efficiency in the root of bread wheat genotypes at
each level of moisture conditions

(5 03505 2 p S k) QUS55 sms Sl (1) QLS 55 sdoms Jil 1,18
Fructan remobilization (mg g* FW) Efficiency of fructan remobilization (%)
55 Jals ey Jals ey
Genotype Control Stress Control Stress
PR 21.25£2.98 a 24.14+3.24 b 43.42+4.75 a 47.863.75b
Wild Type @ @ @ @
T-65-7-1 &3b 5e 19.10+3.40 a 38.68+4.27 a 41.35+4.01 a 69.12+6.60 a
T-65-7-1 Mutant (b) @ (b) @)
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(LSD 7.0) wil o i 550 oo 53 15 5 Al Ll 3 s i sS e bl Ll me Sl pde KL sl s S ke G
Means in each column followed by same letter are not significantly different (LSD 5%).

Same letter in parentheses indicates no significant difference between each‘genotype under control and stress
conditions in that trait (LSD 5%).
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Figure 3. Relative expression levels of fructan synthesis 1-SST, 6-SFT and 1-FFT genes under drought stress in
early grain filling stage (7-day after anthesis) in bread mutant line and wild type.
Same letter: not significantly different at each gene (p < 0.05), * Significant difference under drought stress (p <
0.05).
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Figure 4. Relative gene expression levels of fructan hydrolysis 1-FEH and 6-FEH under drought stress in rapid
grain filling stage (21-day after anthesis) in bread mutant line and wild type.
Same letter: not significantly different at each gene (p < 0.05), * Significant difference under drought stress (p <
0.05).
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Abstract

Under drought stress conditions, as one of the most important limiting factors of grain yield in wheat
at arid and semi-arid regions, the remobilization of assimilates gain-would be more valuable to grain
filling. There are a few reports on the importance of remobilization of theroot during the grain filling
period under drought stress conditions. An advanced mutant line of bread wheat (T-65-7-1) along with
its wild type (cv. Tabasi), were planted at two moisture conditions (normal and 30-40% of field
capacity) as a factorial experiment based on a completely randomized design with three replications.
Sampling for gene expression analysis was conducted from the root in two stages (7 and 21 days after
anthesis). In these genotypes, fructan remobilization, efficiency of fructan remobilization, and relative
expression of genes involved in the synthesis and hydrolysis of fructan during the grain filling period,
in root, were studied under terminal drought stress. The results showed that the stored fructan in the
root participated in the assimilate remobilization. Higher fructan remobilization through root to grain
in mutant line under drought stress conditions was due to over-expression of genes involved in the
synthesis of fructan (1-SST and 6-SFT) at 7-days after anthesis and in hydrolysis of fructan (6-FEH) at
21-days after anthesis, compared to wild type. Drought stress did not cause a significant change in
gene expression of 1-FFT and-1-FEH genes in the root of both genotypes, which confirms the only 8
(2,6) linkages as predominant form of fructan has affected under drought stress conditions. In wheat
breeding programs, 1-SST, 6-SFT and 6-FEH can be used as molecular markers for selecting
genotypes with high fructan content and more remobilization.

Keywords: Remobilization, Gene expression, Drought, Root, Molecular marker, Mutant

* Corresponding Author, E-mail: hpahlevani@gau.ac.ir

50


www.SID.ir

