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Abstract

Introduction

Wheat is one of the strategic crops worldwide in terms of human food consumption. Improved
yield in grain as well as its quality for processing into flour for human consumption are the two
major goals of any breeding program for ensuring food security particularly in developing
countries. High baking quality is essential for producing acceptable bread and reducing post-
baking losses. The use of molecular markers has facilitated the identification of genotypes with
superior baking properties. Among these markers, seed storage proteins provide reliable
indicators for assessing flour functionality. Gluten, the principal protein complex responsible for
wheat dough properties, consists of gliadins and glutenins, which contribute differently to dough
behavior. Glutenins primarily determine dough elasticity and strength, whereas gliadins influence
viscosity and extensibility. The allelic diversity in gliadin proteins has been used as a marker
system to characterize germplasm and to predict the baking quality of wheat. As a result, gliadin
markers have become important tools for breeding wheat which has the processing properties and
end-use quality that are required by growers and end-users.

Materials and Methods

In this study, gliadin banding profiles of 40 wheat genotypes—including 28 F¢ recombinant
inbred lines from the Zagros x Norstar cross and 10 commercial cultivars—were characterized
using A-PAGE vertical acrylamide gel electrophoresis. Marquis wheat band no. 50 served as the
reference marker for scoring. Protein bands were visually identified, and their presence or
absence was recorded as binary data. To determine the functional relevance of gliadin variation,
associations between gliadin subunits (o, vy, B, and o) and key bread-making quality parameters
were analyzed. The evaluated traits included hectoliter weight, thousand-grain weight, protein
content, Zeleny value, loaf volume, moisture, water absorption, wet gluten, gluten index, SDS
sedimentation, and grain hardness. Stepwise linear regression was applied to identify gliadin
bands significantly contributing to variation in quality traits. Additionally, Spearman correlation
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coefficients were calculated to assess relationships among gliadin bands and their potential co-
inheritance patterns.

Results and Discussion

The results revealed both significant positive and negative correlations among gliadin protein
bands, with several pairs such as 6 and 9, 20.5 and 27.5, 29 and 34.5, and 34.5 and 37 showing
complete correlation, indicative of block inheritance within specific gene families. Five bands
across the o, v, B, and o fractions were significantly associated with grain hardness, loaf volume,
wet gluten content, and grain weight. Four bands showed significant relationships with protein
percentage and hectoliter weight. Six bands were linked to SDS sedimentation volume, gluten
index, and moisture absorption. Furthermore, seven bands exhibited significant associations with
Zeleny sedimentation value and grain moisture content at the 5% and 1% significance levels,
highlighting the predictive potential of gliadin markers for bread-making quality. Strong and
significant correlations were also observed between some gliadin protein bands with
several traits and several traits with a specific gliadin band. The existence of such
relationships is important in breeding programs.

Conclusion

The findings highlighted the dominant contribution of ®- and a-gliadin fragments to key traits
underlying bakery quality, underscoring their value in quality assessment. Several gliadin bands
showed simultaneous associations with multiple traits, indicating their pleiotropic effects. These
alleles therefore represent reliable molecular indicators for identifying superior genotypes.
Consequently, they can be effectively integrated into selection strategies aimed at improving
bakery quality.

Keywords: A-PAGE, Correlation, Gluten index, Gliadin proteins, Protein markers



£AA-EA0 (F)E4 1§40 ( AL Dludgi

https://plantproduction.scu.ac.ir/ ’,
ISSN (P): 2588-543X; ISSN (E): 2588-5979 ‘
Doi: 10.22055/ppd.2025.50296.2289 AU Oy

VECF/ 0/YY 08l 50 36

VECF/ANYY 10y g gb

OB PAS S gi] 00 (2196wl S T 39 L (ol Slalg LI

LR PR SN PR~ AER K g N REl JY IR VIR EA T JEPE Y

Q\J.‘:“ gﬂj.}' ‘j._:‘J.J Ali:.j‘} ‘éj)jl.':.f omb cv_hl:f ‘5}}3}&7}:;}‘5:!}4; a)jff\
Ol cten gl n 351 oK1 (655 5aS™ 0utSCtils ¢ WS &S5 5 a5 05 5 Y

oMK

Jb 00 S gis” 13 039 4 (S p dle> (2108 8 > ) (Sloves s 45 PAS Wiilo (8O pidly Jguaxo 390 3O
28 .Sl Caotd! Pl 8 Koo (Sl g (SO 54 83114y 21636 Cuis”™ (S 39 (Sl g (SO Fd (S o Kl 1y drwgd
™ (1313 (SB35 DB 33 21 S oo b 1a g0 J9Tgn (Sl 1SS 31 03kl § i Gy
9 N P BID (Glo D (S w9 9 Frngo 45 0399 1 ;TS ! 3 (O ( el (S g9 g Wl Nodgu VU
39 Fantan b S5 9ol Suigy S PT Sloil &buTl ilond WS wigh™ 9 cpolls nao 3 90 3
il (02 Sl el (ol WNigh o Dgutm (2196 kST (2031 9 (I ES (o p (FIIF 2D 2Lt
PNE igiS b W w59y (Salg SeTI Il (slodT el 8 Al [l 1YAE Jlo 3355 olCH1S 5 Lalg)
533899 751 31 00l b (38 B3 Vo 9 (Sbungh 9 w5713) el of yoirds (Fo fud) 5598 S il (0¥ A ol
Olgied igs slo pNS 9ol 0+ 5l 3l yobin oyl (Sly b sl A-PAGE 9y 4 owel b 5T J5 (o908
B33 s NAD B33kl § i o § 0 GBI b i 54 B)lg sgapus § g A ool Sl
GBS Oge ) 48 954 (2196 CelST b L e Dlho b (@ 9 B o Sy p]) (ROWST gy SeR!
Ao 33 ild Cagby Ao 3D (b R (I NS (a9 Mo S D SIA (139 gD 039 lho (59 pE 4Pl
GG (o (50 ! (Tl AL (el &3 (e § SDS gy x> (TP e § Dgb o (Tl DT 20
WIS (g n GBI o SIS SR (Ao § culo Llg) 929 I Ol ol @ b dulbm 3 (W
r=1) A ol § pualinn Kol ;0K LTY 9FE/0 9 FE/0 g YA FV/0 9T+/0 A 97 (Slbv g ko by i 5 »
A (1S S Olao I X g b U 9 9 Sad LIS (0 9B o ) s3> Hlex 3 99 Jleh gmy Suw
S9N o IR 09 (g3 o0 Dlao S A b (93 g ler W10 039 9 P9k o i (b
9 M3 Py x> Do b (Gu9y Hlg S 9 Cagby D Aod 9 g sl SDS Wgw s e Dk b
S99 g sl B LSDS Dgwy p> Cdo Ll Gle gl 58 .18 OLG I8 gz bl 418 Cugby Ao o
Cada” BAS gl Dlao b B3I 50 ol 0 g 0 (S s A gy o 3 STl guls 818 Ui (5518 Jxe bLI

N e T
nasrinakbari93@gmail.com :4e6b1


https://plantproduction.scu.ac.ir/
https://doi.org/10.22055/ppd.2025.50296.2289
https://doi.org/10.22055/ppd.2025.50296.2289
https://orcid.org/0000-0003-3288-4616
https://orcid.org/0000-0002-5586-7758
https://orcid.org/0000-0002-5576-8573

FAA

g Tl sl glayl g bl ol Kes 5 a1y

B PIT el 31 Olg5 b ¢ o et b (oW Sl ylgi S 9 Obo o sudlin Lulgy 4 495 b .09 29l
55 odliil (21536 gl Cuds” SIS S g s F e

A-PAGE ( Shusod ¢ uii gy (S ;05 (i gl o ld 413 (50 53 (Sla puii g o3 uls”

5 o Sy s 05 31 &S (5 Sl i
3T 5 4l CiS em s Sl odd S 5,8
Utebayev etal., ) <ol 31 6 2 5 vo sl cr.xf
ok 5T 550 g0 Lol 58 (gl 35 (2019
CodS ol gy Bl 5 Ba pamte S Lo b anslie 5
i 5ol Gl S5 b Sl by, o)
He et al., ) cul Coenl Sl iizes (gl Calibes
35m (S5 sl K o 5l ot s 312013
@S Gbissl pls 5 Cres ol sl
dzen WaopsUE onga ils (lo,sd glanss
.(Metakovsky et al., 2024)
3 o Sl e S $N Fsn AS
S Sl ol g BE s Sl GISLCAS (Sl S
Wﬁ&);d‘f%%‘ﬁﬁﬁ*ﬁfﬁr&ﬁw‘
s 5 e s bl Lg it Al
ot (Barak et al., 2013; Soorninia et al., 2022)
2y50 g8 iy 3 Shas 53 bl g 5 2B ol
Gil-Humanes et al., ) 5,8 & )3 ¢pi w5
Jo b PH 53 5 IS glad ghoms 3 s o 5L (2012
CBL s L L oS Az egige Slirl LOT Lsi
0955 Gadisy ol L b (Sloyan w bl guis2
o EUF 5 S w Bes 5 dmes o ya
Urade et al., 2018; Marin-Sanz ) .S" . ¢SS
33 W sl o8 Wlasls Ol (slaaslllas .(Barro, 2022
5 S e Jos oSOl Olgea e US55 b
blodl S 5 Slear b0k G313 e
5 Gpdy Bl 5 (ol ool Lgh o e
o laws 6l Wolie S )3 & dr il S

-

doddo
e (Triicum aestivum L) ob puS
093 O 1 Jol OU 5 ol Olg (55,318 J s
& el Ol B35 3 Slykagy S 5 (6351 el
Ly Ol o ae 3550 )8 5l doys Yo &S (gl45 S
oo e o5l edle e IS
plael idu dne slge s laoplys (o 5 b
Zhang et al., 2012; ) 544 s < suoes Olgzr Cumor
Ju. s (Urade et al., 2018; Mishra et al., 2021
Y spde Ol 5> Jpame () S 5 e VoYY
FAO, ) 55 o ke A 5l 655 L S 0 e
(2022
OF ot GltS= Sk (S35 blisy o
S5 oslil 3yge Calie gl OV e 4y o
5 Lieee O .(Zhang et al, 2012) 5,8 .
23 el oS 3T 3l ok ags gl pame (o foces
ez 5 (3aze Do (oS )T ol 56 oS i
Olgse ) O S o 3 G 3pse =
b A5 s e 5 ol g Oles Dlhs dbsay
St O S Gade 5 b ) I3 JB 3
ol b a8 31 .(Laidig et al., 2018) 5 5°
i Smoty s s, e S, Ol
sl 58 S 5 bl wlie s, Olpe b olas)T
oo WLl .tk Ol glize S Cou oS
CeS 2 ogdle alan b Gl ol 6515 3 oy asls
Schuster et) 3,8 )l 5 Jaide 35 55 5 CodS (55 5
CatS cps 3 ails glo b gl sy, L@l 2023
Utebayev et ) w1, s 1 oYU Coaal 31 oS o156

wlal, o) 55 .@l, 2019; Soorninia et al., 2022



FAQ

VEO b o ojlad FA il ( aLE Sl s

Sl glebs wdles ol 51 Coda (et al, 2019
Osp b Sl lsb oS Dlio b Ll 5,
b lsl CidS Slio b Lad e sla)ls sdalie daulse
@56 S L pByl 2 S a sl YU 2S5 5 bl
5t O s Kl ol 3l eslizal 3 ST Osllas
LSS Wil 5 auimy o) gl islesT ol >

5l o ol 3

95 9 3lge

(38 (o3 55 s)ls 6 S addlan oyl s

o yorts S 552 2 YA ol S 5 o
G 3 etd g Glyg s o S5 ) Ay
ol 35 V0 s s oKl S ST Ol
48 5 ol i o ok 45 (1 Jger) oS
S ose ol sl B8 15 wllas 3,0 dy Jlg
b eSSVt (sl T o STy I3 (81 5558550
I )alS” 5 18N sy el (A- PAGE) pH = ¥/
Sl el s eslizat (Lafiandra and Kasarda, 1985)
ookt (Bola ysba odh g J oler pAS 450
oslizal b T ouwwugwl&;ﬂfc\;@\
Szt Ll 3,76 s &S e o Joo +/0 JU 2 )
(83,1 & 400 (’J?gsl‘:‘ Vo n il da A e ys T
Ao YA Jols gl b slowe 2ds So Ve
(,stx,a ¥y Sl r,? Y0 (DMF) w3 fe s
oily o VYO oo e OT L &S gy Jie
15 305 ¢yt oA LSl e 5 s Km0 Jo1s 4 (3 g5 0k
P9 Ll L;)U.é_ii bl gles s Colo &K e 4
P oSS Ly LSS i N0 p Do
Ean Gl Cer ey e 53 a8 Ses
4555 VD e 4y 483 55 595 V0 e Sak Sl Sl sl
Gl 9 s ok 03lizul 3§ sl G j5 B (gles 5o
s oalia BB ¢ 0 5) 3lid mle Sy gots S 3l
25 i S5 O Son 4 e dbsey 5 35 L

W ng\.l.g_{i .sljfu:il.» a3 -Y+ les

s (6338 06 e 0SS pame pllan iS
(Chaudhary et al., 2022)
@ s gz 53 1y bl baaddlas 51 & s
«J (Kasarda et al., 1983) axS" s sues S B s @
o503 023 DNA JI5 5f e ateTislasl JI 5 deslin
S s gplie gla JIg sl B- 5 o- S
Al S (5 5ba s 0T plesl ol sl 4 e
o) APAGE Jj 5 oW slanss, oS o
Vs 0B @ bl bl aws aw 4 oSy,
Kasarda et al., 1987; Urade ) 445 o ba p LS
la»3UWS (et al., 2018; Marin-Sanz Barro, 2022
Gli-BL GlI-AL wile a3 5l g 55 b6 slbes Jaus
<S5, Gli-D2 , Gli-B2 Gli-A2 Gli-D1
353035 Sos 8 b8 (slasil (53, S Ly
Tarekegne and ) wyls 3% 5V (D 4B A)
(Labuschagne, 2005; Hasrak et al., 2019
Ly Lol @ 57 S Sls S abie slaarlos
S Gli-Dl 5 Gli-BI Gli-AL a0 Ji olaad s
A3 GlD Y 655 Glajpns S oS slagil s
GO Lwg sl By ol Lys o IS biyls
&S sl ¢, Gli-D2 4 Gli-B2 Gli-A2
Payne, ) w5 o J =S Gli2) Y o5 & Slapssses S
S5 RO 3 s ge S35 dya s 31 (1987
Sl 55 Sl gbily 3 015 sl K,
Utebayev ) 5 5" eslizul YU 4ls iS™ glls 018 5
sl 23U 5555559 6L 145 et al, 2019
Sozinov and Poperelya, ) cul > 34 paie o3,
23U o K pmean (1979; Wrigley et al., 1992
4 2S5 53 5035 )15 5 (Vb (S 5 S )
El5 nlals 58 ool e® Jlars Ay L e el e
DNA ls St & balyer (23U (slacis sla T
5 kel b5 WS Sa sl Sl Ol gea
osliul 55 50 (,cf e plalid 5 (S35 slasallian
Melnikova et al., 2012; Utebayev ) %,8 » 5l 3



fa.

g Tl sl glayl g bl ol Kes 5 a1y

s Gl g A2 0313 51§ o guziee dlaisee 5115
st J g b ST I gone o o MF (g
Olind 5 e Dlind ol oy Aoy ¥ rlab ¢S&)
5 A Oodo auwlid Jol 4ads 55 5 .l eslaul (V:”L;
S i 5 s 55 4 o g D g (o
G S ok A (M g G o s
ol e i Joolom 4ids 2 Sl ey e S S0l
bteTse 308 o sl sk e 558 035 5 0055
Pron 53 dids 6§ Do 4 G et 035 Saek il
Bie b 555 55 5 5 s Slony 5 4iB5 53 593
Ceols 5 G Lals Gl ey S M
blims ssba )5 25555 8 AeTmsay Sluss
3> FI s b kS i 5 bl S
Sl wTiwse 8 el (JS 8 & 65
o8 J )T 08 6K 1l SDS gy o o
ol dd 4 5 55 UDY Ol Lug aus
4 aie OT oo o Hlgz G A o3ls 1 o)
Sde g S5y 4ids g hleiT A 5 eng3l OT
S8 osbas b e3ls 3 ol gl Jl-ay 4ids =
VY (ol il 4 oy Do 3l ey 3 pladl (515 e
SVl 2 o V ol oy ol 4 Jslons I (g o
wlsl leiT g 4 SDS v v YFr 5 doys 4
Tl kL > 5 Ldd Gy by b s S
Sy Olin b B8 5 i Ve ke 4y o pue
LUl et sl 238 S5 5 3 e
U layls by (sla ke Ol s 58 e Slio
b e apl 0pn S5 o 3l Jims sla ke Ol

A abu}'.‘ﬂrcv)jjj

¥ Ridge Regression method

A-) sosee daT ST J5 5 559,53 S
el & pH = ¥ L eSSVl g5l (PAGE
af dsn o 53 i 0SSl 5 LY )
Lafiandra and Kasarda, ) 4& eslizsl 54 odi
Fo e VFOXAY XY bl b 5 skite ol 4 (1985
odd ol il (555 5)las AP OARL PP
k3 S G5 505 SN U5 Salr p 5 e Loy
b oaddlas 5550 ol pByl 5 LY ol S
Bushuk and ) -d; 5 ¢Slagy 55, 3 eslil
/0 Sode 4 5499 ;SN S s 4 (Zillman, 1978
Yo Ol Sdi LG 55 g oSis 4 el
Skl 53gb 51y J5 $ 0TS, As Jos T Lo
dgbea 31 szl L Cele VY Sl 4 3,
O (5slm) all Jgmn 53 S5 3 S 55T
5 (4> A0 Jgbl 2 e VYO 3 (ulasS T 5
ST ke 100 53 TCA 2 510 o) & J g
3Ty g o s £ oot A2 4 (i
3 sbun 5Ll Jdone 1 ) e 10 s
U5 Sl e salie 5 526K, e
A (6 Sy ol ey i ST s

A 055 5 035 Jols (gl kS Slio

Aoy Ob = 46'.3)'.5.\.9 ils DS 9 e yd il
J_,l? cg.)T u-b- Aoy g als g}r.vl ils C,a_,]aj
3550 SDS sy g 5 Lale 5 b
(s o ys Slis o g A3 S 15 LS
9 4ls e il C;g_,la) Aoy 0L > 46‘.5)'.34.9
ol 4 Al oslizel 'NIR o&zws B s_)T o Aoy
&&UQTL‘»} ou\.iu‘\:@ﬁdn\fé).\’¢)f\" J}.E.'.a
Sl B Slao 35 5 b o3l i 5 ol abaises 5
FI S oI g 3 S e leST Ay
Sbe sl s 5 o oS JI 5 I Latli 5 s e

oS :)Tpfh Il el y ol 55 ks oslizul 455

3+ Near-Infrared Reflectance Spectroscopy



F4)

VEO b o ojlad FA il ( aLE Sl s

Syl ﬂ§) Vo g Oliuadig b of yoi caxdliae 380 u.ﬁf}?y Syl ¥ YA Jou>
Table 1. The studied 28 recombinant inbred lines, associated with their parents and 10 commercial cultivars

Commercial cultivars

Recombinant inbred lines

Gascojen 11 114 267
Hirmand 17 139 271
Zarin 44 140 277
Inia 49 141 287
Navid 50 142
Omid 51 155
Sardari 55 156
Sabalan 60 205
Roshan 83 218
Bezostaya 89 220
Zagros * 97 231
Norestar * 99 262
el *
* The parents
Dle A8l 5 Uty Gla S 8 5o 4l ew el Cow g b
RO SE R S WP N AR IR I VR WL /) &1 S

Gl WS ¥ s hls Glas sl eemen
Badakhshan, ) s «ls e Lesli oy 2
(2001
Ob x>

OL - LYV/0 51Y/0 & - 0 sla iy
S 5 o3 G Jlel sk 53 s e alal
93 Ola opl 534S (Y Jgd) Lsls Olis Aoy 2
ol VYO 259 sl 9 Ce dal, YV/O 94l
CLlg opimas dzbls OU oo b Jls ne ke
35 o a8 o s JIAL 54 amy
3@@1)M)>@)M)>&JLQ>| s
Oy dzmils Ob em b (oolsine ke
06 poes liie o iy (Badakhshan, 2001)
35 S a8 58 1 Gy slaes s} s
0L a5 2l 56 Sk STL bL3S1 o 0 s Coenl
06 ptE s bl 0 Ol b sl daul s
Sho 3 PV alS 4 e el pl il 0 ds gy
(a&z:...»\ ey 4 LS La&igk:lf— O Ole o

CoL Rl 06 e Lol il I e

S35 5 (15 Ol B0l s (e

5 e 4 Cuwl 4ls (,ﬂ).ﬂ Calies slaaY
Yyons S o il 1y s kT OB 3 5 kS
BRI F R WETRFIGICw C.x;f S Jel- 5,7
Folis O Wy sl kS b G i
Norouzdokht-Nokhandan et al., ) <.
S8 aw b dls e Cdo ol ks s (2017
O a0 e JIVA 5 AD & 25,
oy b )s s 6 5 S g Jlil sk o
B ide 510970 2g, slajls ol Ol Hls e
S5 05 5 ke & bzl e 55 s LIS-
Ao ys gy Jlaz| o 3 WS- @ s 5110
Lsls OLas &ils e S b ghls gme daly 58
ity 5550 8- 0 5 0 Glayly (Y Jsis)
LS s e b e Ay oS B Sy ot
05 b s a3 (w IS Sy mls ol sl
GLI-2 5 GLI-1 (slagss 05,8 35 o L Las
2 Sladlles js cadaly pl 55 (Y Jgds) AEL e
s (S 15 ChS L b e Slis )



FaY

g Tl sl glayl g bl ol Kes 5 a1y

Bsp o b Lls gan e daly sl 0 iiw
Cto Ster plie ddlle 3 Lsls Ol
5 U Y PR 5 FY PP 5 sl of Gl
@b CaSL oy FA o5, s e dal)
.(Badakhshan, 2001) ¢l s 3,5
9 Dsbye Y Wl I g wesd
S s

Oler 2l 56 Sk sl pat e o s 5SS
GO g PO P RH P PO S SO K g
Sl e e Loty Sl
iy Lledd alis Slsb CaaS sausd S
oer g ISl CdST L S VL s
e S CoeS 53 Ol el il
kS 5511 S p 1 55 3 g g 48 Ll al
S o K Jolse Kb S x5 st
(Payan, 1998) w,ls s ol oyl )5 by
Glasls b oals J§ nlisn Aoy Gl ol o
b oite daly 8- @ YP/O 5 A\Y/O & o5,
Sagme Sute Aoty ba sl o s SIAY i
3UE= Y 5 B s (a5 slasls ol Ol
Al Ol g ey bl pme dlaly
aly 2ol @ Jibu bty S|l S5 LG
Aoy Cote daly dmdls Sy deps L e
Ceal 310l a0 3w Ad Ll b o,
Cow p3 0594 B8 T L dl) )5 Jidw ) iy
Badakhshan, ) olesay (Y Jsds) ol i S
S 55 55 s de)s ldde o iy (2001
5 S IF s 298 1 sl

Sl 5 S Olsen o 5 8 Ol
35 0T 51 Jools 55T 055 65 5 (a.uf Lls e
® i s (Heetal, 2013) 5,8 a5 5 L
35 e Al YEI0 YD iy Ll opolE-
33 s gme e daly YO L5 5 Aoy &K s
sl Ol b e 58 Lt ys 2t ezl e

@ adles 55 coomen (Wieser et al., 2007)
5 S el il s I8 K
AP e s JB sk OT ey S5
—0 o5 osba 5 358 o B GLOL o3 a
ol 06 o 3 pm Al 03 oge S35 Lo 03 LS
.(Khatkar et al., 2002) .s”
SDS 3 M3 D3 2>

Gl D3 Olpe (S s e Sie
OLEs 15 2,T= 0T (ot & gl s 3 03,5 s
Zeleny, ) sls cte daly 5 o8 0150 L oS das o
KAV oy, clayls Lo cde ol (1947
Jhassa VA 5 P8 Glayls 5 8- @ Yo8
b slaisine e daly ol a5 B sla iy
Cute daly WS- @YY 5\ ams, iy s
Ol (Y Jads) sl Olas oI5 e
Gy o e o i (Badakhshan, 2001)
R N S PR B P IOV} P PR
Su sl 5 s anlllas cpl 55 S SIS
A3 0L (slalaly (5 my g b WSy
SBO3 Odd sl (B8 )3 S cal b e
S g 0 oS RIBEsl Sy
(Gil-Humanes et al., 2010) .x J; 5 SDS

3 Cswy Olje 5 SDS s >
22 ) OWge fowsss e b I s
Axford et al., ) das s 0lis 5,T- 0T O gomiliow g
23 laigne 5 Sote dlaly 5y 5l O (1979
SO LS g o ey S Jleasl b
(Y Jsde) Cals SDS Gy gz b o3l
(Karatigger et al., 1996) o|,Kes 5 Ss1,5
O Glaiss s e Jl 52y 4 355 dalllas 5 55
LS o 5oy 1y bopsllS b 5 WT & GLI- 2
=Y g 33 Lles S oylsl SDS Cosmy
Izl o 53 13 ginn ote 2ol FY 5 FY ol

SIF S YNO YO B Gblg s Aoy &S



far

VEO b o ojlad FA il ( aLE Sl s

Jadr) Lsls OLas ls Cusby L Hlo g Sote abasl
Y

s w Ve OF ol & Sl 5 (S
Al Casby e s g S e
Sl doss il YL puE e dr s g
S o)y Lho g el S dls 53 usb
i IR N0 /D s layle b Cusby
St OT ¥4 5 YYD iy 5 e daly sUlS-0
GLlg b Cho ol ol Ol Hls gme e alasly
i daly 5 a0 0 5 A WA o5,
daly By Ui3e 5o 5l ol s s s s
Ol (Y Jgd) ol Olis Cho ol b Hls gae
» 1y T Cds 0. (Badakhshan, 2001)
s 5l S slE FA g sl slacs g
S SAF el

SR LS g el g el
Col oks iyl F 5 YL ol L ks e
s s (Kosmolak et al, 1980)
ol s 3550 oY Sl SKmn 655585,
20T s pde 4 a5 L oS S sdalie iy
33 sms ol b ey or iy late SIS (s
CadS ke ls ) b Ll 5 Ly o35
S 0ad b 5o FO Ll sdalie pde sy
Sl 155 s LOT O3 ogllasl suias Ol
Sl Ol Gl g oedle Il S
S5 (Fp o imen 5 5 S 4 ol
3 0L S S syls Wlﬁw;},lfw
S5 T 0L o Jobs 5 558 e o STy
5 o G0 aen uslin 5 andllas cgy0p! 3 el
Sl ljer osba LT s by ole
.(Hasrak et al., 2019) .l 5,5, el G
(Akbari, et al., 2017) ol,Kaa 5 5,51 amilix
Sl @S el 2lSb CAS ey >
LUs,l slols & ol LL &S azils Ol e oIS

5 i ey e S A 5 VA gl
FAIE L do,s o Jleaml mlaw 53 ls sme oo
(Y Jsds) sl Ol b e

sk G S srasils g e
o Gas s (Barak et al., 2013) wib .
C S PP 5 VO s, sls b Shy o)
VIO lajls 5 el LSS B o
Lo s lS— y 5IOY/0 5 FA/D 5 s slE- @ I ¥A
Loyl pasls ol Ol Slagne i il
daly, 0 i S, clayls (\.\5@.@
(Y Jsd=) 51 Olis (6 yls sne
G1S Jdoiss 059

Oljen oS Sl ol 53 ) 58 035 Lo Liale
tas o Ol 1) OT (Girap 5 pmsdT (S5
wlie 53l0 Jﬁ& shols Lgl.ar.\.:f S gysba
O3 5 8L Ssline d e 055 53 iy
sl paE ok ool YL 2 eSe
05 .(Bahnia, 1997; Cauvain et al., 2001)
bos C5 50 Ad 5 OA FY FA clayls b ) oS
S ol Ol Hls gms daly o 5 By @ sla Jisua
03 b St alaly WS- Y FY Ll Obe ol 5o
YF S ol b als 03 (Y Jpder) Ctls )5S
PO lals b Ll gae e daly S @
5180 5 VA Sl 55 5 bl B 5y 5l es ja F/0
(Y Jade) sls Olas Sls gme e Aol y O 2w
Cugb ) DA Ao g diIS Cugb)

2 A5 Jelse e 3 SS s b Sl
oS s Cashy e a5 ol paS s i
Al SRl S B 5 CkST sl
—O ¥ s AWYD aBs, slayls b oals Cusb,
oUS—0 ¥4 gAY i gn b ite daly WS
6 dliml b )3 G55 4l g St dal
Slayls remen (Al Loy -3 éﬁi 9 o yd
oUE— 0 VA 5 VIS 5 sl Y BV o



Fa¥

g Tl sl glayl g bl ol Kes 5 a1y

5P 55 e Slio (Fp b WS bl
O3y s Cusby ls 03y il 5, sl cals
L Slio ool 15 63,05 Caeal &ls  thew 5 2d 588
5 il dass I s,IL (gl 56 oS
G Sl s Lo e 55 el Wy
oon 2o Slio 53 S 0y @ i i
G sl s ol Sl (g i slaws &S 155 e
O Gropen sl QLS BT (o) 35 50 Dlio L
Fr s e ki b iR opl ) il (S
S wd edaline Ll o5y sl ks L Olie
wdl ol SN s Sih Ll s S
o 3T S50l CuiS s sl y i
(Gil-Humanes et al., 2012) cl ous b5,
YL LS 45 FO Ll gl L LS e ol )
il LUl s Col s e o150

FU Sl 4 S sbuls s
FEO XY AN A B, gyl
Olis Hlsgre LLI,I Cdo i L ¥4 5 YA OFV/0
oals

2 G5 o el (Shas @l
byl om0 Dlame (Lo 5 Suie DLS, 52 s
§ slayls dsle baylg & o Ol opl 43 5l Ol
S YFD 5 YA Glayls VIO 5 Y/0 slayls &
Sl sy oS (Saemer YV 5 YO gl
Sl ¢S Glal L ¥V 5 YE/D (YA gl iy &l
S A3 5 Jgeams VF/O 5 Y4 Glayl g b diies S

FE Al lsb S s e Slis el b
2 ol LT (s ol 5 sl 1z 0l o
Lglﬁblgﬁ&ﬁJBT@@};l{DchA@jQ&aw
olls o8y pllas oIgL kS xS S
L) N &ty o i adl il e
5 O G T o Lty 5 (s 2550
CeiST ol 5o ) @Il ChST L Las e Calise
b1yt el Ll sl b als 51,3 S Wl i
T X e
Sl s 6 S sl byl i s SIS
5 sl dal st ol oS 51 las 46
L (LMW) &S 508 ol 5 sla0 bl
s 5 035 e p e 238 (Sla05 5l S
Payne et ) sjle o odoey |, CaiS 5 opalUE 6T
slly o bl adlles s 4l .@al., 1987
@IS kS Slie S b ol
Sl s N S o glyls g sl Olss =k
) 5 SN i 53 s s S
Ol B3 5EN VHA D+Y e 5 N VA Y ¢) VHA
b ool Sl a8 Il ys (ol o sl 5,7 55
Ol )T sy Olsen 5052 e J1 /YT &S o
5 BB e Sl YA i g e e
O b 55 Y VA O o el s
SV S b S g syls 55T 5,
b ool Slg s ol 58 esle , Cote
SN VA O GG D Y S
Ol ds s o) Jlaz| cb» 23 ol sme dal,



a0
VEO b o ojlad FA il ( aLE Sl s

415 b T 599 (pol5 Sl g dkuly -Y  Jou>
Table 2. Relationship between gliadin bands and grain characterstics

Dependent R? o) Y B
variable
band SPRC band SPRC band SPR band SPRC
C
Grain moisture
0.776 12.5 -0.977** 47 0.885** - - 76.5 0.922**
13 0.504** 78 0.571**
36 -0.285*
39 1.187***
Hectoliter weight
0.845 38 -7.167* 42 1.195* 58 -2.162** 85 -7.167*
1000 Seed weight
0.603 34 -4.263** 435 4.961* 64.5 2.945** 78 4.290**
95 4.411*
Grain hardness
0.717 15 3.295* 56.5 -2.115** 78 4.172%**
85 5.055**
90 3.126*
Bread volume
0.790 9 33.453** 89 -41.026*
12.5 ST A4T1x** 90 49.564**
375 89.268***
SDS volume
0.584 25 -4.307** 42 4.122** 89 12.060**
28.5 -8.341** 47 8.609**
30 -5.169**
Wet gluten
percentage
0.672 125 -5.568** 79 -2.405**
35 2.019* 85 4.674**
36.5 -4 741**
Zeleny volume
0.730 12.5 -5.546%** 69 -1.159** 79 -1.357*
13 1.500*
21 1.294*
30 -1.159*
36.5 -2.678**
Protein
percentage
0.529 6 -0.706* 89 1.127*
12,5 -1.522%*
26.5 -0.633*
Gluten index
0.700 15 12.949* 485 -8.008* 64.5 6.644*
16.5 -10.575** 535 -16.707*
38 -20.225*
Moisture
absorption
percentage
0.854 15 0.258* 78 -0.252*
12,5 0.634*** 85 -0.94%*
36 0.119* 95 -0.352**
375 -0.642%**
39 -0.402%**
s 5 :R?
Tt e

3,0l S5 O S5 <o 6 'SPRC
Lo 3 01N 6 k3 me pelan FHF gw)Agﬁd)lswcha** o330 (5,13 gan ela™

R Coefficient of determination
SPRC: Standardized partial regression coefficient
* level significance %5, ** level significance %1, ***level significance %0/1
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