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Table 1. Varieties and Lines used in this research

&3, PR 3, PR i3, PR 3, 2oy
Row Variety/Line Row Variety/Line Row Variety/Line Row Variety/Line
1 Trident 10 DH-11 20 DH-82 29 DH-143
2 Molineux 11 DH-27 21 DH-86 30 DH-155
3 Ehsan 12 DH-30 22 DH-102 31 DH-156
4 Morvarid 14 DH-50 23 DH-106 32 DH-157
5 DH-4 15 DH-54 24 DH-108 33 DH-159
6 DH-7 16 DH-56 25 DH-109 34 DH-166
7 DH-8 17 DH-61 26 DH-115
8 DH-9 18 DH-62 27 DH-130
9 DH-10 19 DH-70 28 DH-141

VoY



O, Ken 5 o3k 5 N

S8 sl s Voo 05l s el YE Sodews | et
dloe Gl 23S Do 55 Jos e 5 02l 13
Jse 58 A wslinal 5 Jpe b 5 T Dl Ol
S o dr Sl 035 A T Y sl il
Sl ol o = sk e 8 = S (5419

Olsee 5 S 035,00 S eIl (gl idils o059 (5l gioen
NDA (Nitrogen Dumas Analyzer) oSews 3| -5
Uire @Blass & S ol 4 Sl sl aslizad 702
dslowa 43503 53 0 (6 S o3Il O35 % Ao ys Sl s
Sl bl o&aws ol (Gozubenli, 2010) 5 5
Joo WU Glos U (Glalatons 53 5 0S| e 55 4 e
N UCO2) (S AuSliss 3laslsl 4 e & S 0
Ol 5 S AaSIg3 L 355 0 (N) 055 25 5 (H20)
WS o odor 1y Ol S Gl sOgw Sl L b
S s b S O3s Ol Wl e s eld Gl
ol ol Sl ST S glls S st ) etiledl

23 (8 S el
SDS-) 4ils soptsy skl S 5,5 S
o 3 6 sl de e bl 5l (PAGE
35 5 elke Y Ol Y s bl layY
Aals (Bl 5 s el emar 5 i sl sl Y
Gy 5 S oMy Slads SRS
IS ST b ol S £ b oy Oyl
a5 plol ) 5y sy ¢ JalS Gy S g ik
235 I3 eslizal 3550 SDS-PAGE 0503 plnil g
SDS- ST Laws 5 il (glo b3 (glac s (s bb (5N
Sodium dodecyl sulfate-polyacrylamide gel ) PAGE
Laemmli, ) <3S 13 adlas 5,4 (electrophoresis
9 hed VoS e Jy ke B, ool 5y (1970
Gy AS aB S L 53 doyn N eliS oS| e 5 clale
Crude ) P OSan U «Zose 5 4 IS S
bl 250 (U= JB) Jshee o155, Ol 5 (protein
Mol glo s oy gl il shine 235 513

))Jﬁﬁ&jlﬁ B rlé)ljl.aw‘ﬁ @Lo.? )..\.3 le"!“)"“

Vot

...&L,ZU%SJ;J,’»: SL05 Ok 9 &S Sl s w) g

Olgoe Wl 3 0531 ol plonil ) slatoa 5 @ gy e
BLENDER ol w5 «jalls (6, 503 p 5 Yo
sl bl alal s, Seslnl 5 s oLl 8011ES
D50 (ICC) A (5555 5 pske Malli ol
o ld Sl Fas b (A5 s e SoSeslul s S
ol plsl (st ol WY 6l (ICC) s
Joloms 5 (33 SV sl Jglomn S gzl izl g3
ST e SYIY e i3 S s Lol 52 G 5k Jid 50
e sl 053 43500 i Ve S L5 S
a kS sasn Joe oo 00 5 JUEH 1) e V0
Cogon 03 o b g an | Ol 33 g ok L) O
B 05K 4> V=Y Sl dy dd LS O gl o
sloee 2 s YO 5 enls plodl SE L 15 005 o2 s
oz b S b ad35 0 ety 5 A 035380 OF & U5
Sy DlMe S alBs 0 5l ey A 03] aa o ta
A5 el 5 sde Olsieas ad e o s sile 3L
5 bl e o i sad 53 IS Olge 039 WL
Mie ax a1 o pd e el pom Rl At
Aib g 0L i kS edanlli AL i e
by Ao T 25 s e ICC sl Gillae
5l o 8 Al e YooY0 (hns glap kS o5 5 4
W 5508 L8 slapdS o585 oo 1) e YO 51 VL

.(ICC Standard Methods, 2008) L. (sdues S
Sl ol Gl deys 5 SiE ob e s
ol Gy Py S b (58 A
s osy 4 (AACC, 10-38) IS el cdle o
a3 S eslinal 3y 50 oS wusa 5 s Joe
5035 ig Ly edd bl 3T 0 S AT s e
S 055 NACl 2% Jsloee 5 2l ke § ks o
Wy a3y V0-)0 Ddeay 5 AS bglsee a5 635
Cﬁ?&JTViWJMOHﬁﬁNdM&‘
35 Jes 5 A sl plndl OF 5 Jgloms SLS 5 25>
258 el b e SISl 03551 Sty g
SdlS ot 58 055l Cosay e (pen



Verr /) oled /A W/ LS S sla g

A pl<il (Thermo Fisher Scientific) =S 2 Laall) sis
S el C.Jmf).)q sde Ve oslass RNA gl S
ot goi mle 3l Sl eslinal b 5 35 o Osla O3
ay s 3 ek gy Sk g0l e ki 535 SelS
Sy 08 0 /) Glil o et sas plad @ s > o 55 S
R NCT VUSRI WA 5 S PPN IR PICOPR PO
Ao S Tor dn e sl el ST, 436
0 5 o3ls QLTS 4l V0 ey 5 wbls! Lo gl ¢ RA3AS
£ glos y3ands V0 QM@JJ&MOJ‘J)‘}@&)) aads
<=L:.31 3o S S Bl Hes VY Loam g
Wged oz Ui 4 5 00,8 Mr ) oy B s Sl
5 odd Bl bagel 4 s, Jsbsapl edd culs
Sl gl LS (g gSS =Y [5b s aids Vo ey
3 day al e 5 LS g Sl sdoms 0l b 5 8
2 K e gy G 5o RNA stalie 51
A3 VO JSbl 5 dd w593 29 mbe dadly sl
s b gles po adds A Sdeas 5 @lal (k) e 4
St Bl pladl 5l g LA skl VO e L
St WalS gy Bos S JUt 1y ladbs s 5450 5l e
Bl adls @ iy ol 2y S 0 e s 353
Sodady Ll gad w gy OIS sken Colg 5o 5 LS
B s ool )3 Snge 3 amys OV (glas s aids Vo
5 CatS 2L S e 550 = o4 RNA
by Sl gy 55 5l edd 2l RNA s
dops X 38T J5 580 5 sl YV el b
SIS 55y oS0 Slagd b day al e 5ol eslid
o 1 Sl RNA I 55 DNA DNasel o 51 Lo 5
RNA &30 5l ads S Vot oy 3 S Bl
Ao S MECIZ 25 Ko S5 ek 2 s
Y s 0555 sy ol dewsas 5 A3 «3lsl DNasel
bs g b olilny 2y Ko Ve e @ (6 2 e
axy YVl s adds Y Ddeas kgl (gl
S i DNA G 5l des il eols 513 51 S sl
Vo Sodedy Idoms 5 @3ll Wadisas 4 EDTA 12 S

Voo

ol S 51 by L3 el 35 ged ) psf TARRIFWI
gl B a5 See V00 Olge & s N iy
Loyl O o S a5 Blol G el a4 land
o33 )13 Lo (las 5 ddds £0 Dideas dised L o
£ los b g mloe 53 4i3s V0 et O Sl L LS
513 (17968 g) 553 VErrr Co sy bos ol S Sl am o
Slo w3 Gla g 5 CoeS owiw (Gl e A o1
(Bovine serum albumin) BSA 3l 55,830 5 g, 3 )
ol s (Bradford, 1976) As eslewal s bkl Ol sea
A A S VS eSS e Sl
Slo (Kes dylos 2y o AN (g5l Jbs @ gl
e 023 JUl e O iy S Y 058l e
Tordsb b sy il s L aigad il Ol
S ke e Sike ALl s 3 sl 040
5 el b Sk U5 SDS-PAGE iS5 s s bl
RCEYSIEY SEN NGIUU PN WL W N Vo] P AR GOV R
ool b o kiS (SIze J5 S W J) 4 s, sl
oot B gk o o3ll 85 (Sladi el (Gaad 35 0
3ly wges &S Jlay Lpd 30y e kiS > Y 4 Olejen
odd oy Sale JS sk 53 258 0 eaiS - Y 0
oS - Y g dalpt oy LB Aty el S
LS o SSE ) apptisn S5 055 Py e
Sk o8l s YU U5 4 3l e (Wangeet al., 2014)
g SDS-PAGE 5 lad ge3 (5 10851 ) shateas 5,1kl
Vool g sadly g el e 50 S
i e LS s S Yo b s S A5 S
Yo Ol a4 Jools Jgle 5l Colg 55 s S byl
A L 5 el s g e sl s S
olles e .(Motamedzadegan and Hadidi, 2012)
M s Sl 5 plnil U5 515 5 el

LS )
sskea Real-time PCR &S b 05 Ol owy p
gl LY 5 pBl s 51 JS RNALQOS 0Ly (e

s sl 35l eslind U RNA ol sl s S



O, %en 5 3Lz 3 SN

$ly A el BIO-RAD s .5 Real-Time System
Vo ez olhe Lyl 5 o Real-Time PCR sl el
A g IS UL e b s a5l s S
5> (Sal sl 5l glallat 5 S sl slaton,
S a3 b e sl oS slie Il e
w6 Sl Jslos 3 GV Jos e 5
s3lzl Oloj B CDNA ol janas 5L 5550 5150 slad s S
Gat ol ol cpmes 5 Lid S & s
3 bl oes 5558 55 55 Real-Time PCR (glad sl
wsxy, Real-Time PCR 5 525e 04T glacly s
Real-Time :Sls b 5 Sl Laseis ) shea . ds
G eed 4 d eslizad (NTC) Liw J S 51 PCR
NTC & by o ok 53 Salr Y s 2050 05 2 2
Sgn oles Sl pl 53 S Soyso cpl 4 L asls 13
CDNA | 4, Real-Time PCR 2515 bl (5l 5 CJ'Y

Do a
Lo hasn opl Jdos 5 ans tbaesls Jow 9 4520
plnil Y1 a5 SPSS 5 4.8 asees SAS l33le 5 5l eslic
A5 S eslizal Excel Al 5 5 sl gl ey sl 5 A2
a b ol SLels oAb B s 0 Ol s e
ol a3l 3 b 31 5 e Sibe avglie A plnil 1SS
ol Aoy ) Jlazml a3 (LSD) s e 3l

A

...@L,Z\S%Sﬁ‘}éa SL05 Ok 9 &S Sl s w) g

Cotle s esls 13 5l S Sl a3 0 gles 53 dids
Thermo Fisher Scientific =s & |5, 55 cDNA
Lo Sled RNA 51 25 Koo 0 late o .25 5 ol
s oandby 8 Aulp s edd atle DNase
e oy T L s s Blsl Ol w oligo dt )5 S
5 ohd el &g e A 0l 25 Koo VY
o3y 13 oIS sl amin N0 les 3 adds 0 e
e S G- e T
A VX Bl my S B) S5 Do
Ribolock RNase Inhibitor (RT)) <)y S ) dNTPS
VY Jbs « (Reverse Transcriptase (RI) s S ) g
Yoou Ol e 5 A 6Ll S ol 5258
5 ek el aised sl by A elile, 2ds S
5o AT 0 5o S ol am s £ gles 3 akds T Sodewy
e Ve gles 5o adds 0 Didews JLSIy (BB ) shaien,
HMW-X glass gl S5T s § 515 o S sl
05 ol was PDIL2 3 LMW-D LMW-B HMW-Y
Vs (s J28) el 05 Olgeas ADP
Sheslaad b aalzel jslaieay 5 (V i) =l sl
Zhong et al,, ) wos .56 NCBI .l Primer Blast

.(2018; Katagiri et al., 2011
o Sl o 205 SO5 Ol e 5 s
by b 05 Sl eslimad b (ACT 3sy) s 3T
CFX96TM o> 5 Real-Time PCR (S5l eslizu

Real-Time PCR s sslizwl 350 sla S5l JI5 =Y Ju
Table 2. Primer sequences used for Real-time PCR

R S ankas J
85 ¢t (0'-¥") Jis Csd sles 6’i #
Gene name Sequence (5'-3") T™ (°C) Glair)
Product Size (bp)
HMW-X Fwd:5’- ATGTTAGCGCGGAGCACCAG-3’ 61.40 122
Rev:5’- TATCACTGGCTGGCCGACA-3’ 61.40
HMW-Y Fwd:5’- CAAGGCTACGACAGCCCATAC-3’ 61.78 115
Rev:5’- CACCCTCCATCCGACACACT-3’ 61.40
LMW-B Fwd:5’- GGTACCTTDTTGCAGCCACA-3’ 58.40 128
Rev:5’- CCGAATGGCACAMTAGTGGT-3’ 58.40
LMW-D Fwd:5’- TTGCAGCCACACCARATAGC-3’ 58.40 151
Rev:5’- CTTATCAGTAGGCACCAACT-3’ 55.25
PDIL2 Fwd:5’- TCCCCACGATACTCTTCTATCCA-3’ 60.65 67
Rev:5’- CGGTCCCCCTCGAAAGTTAT-3’ 59.35
ADP Fwd:5’- GCTCTCCAACAACATTGCCAAC-3’ 60.25 165

Rev:5’- GCTTCTGCCTGTCACATACGC-3’ 61.78
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Table 3. Analysis of variance for the qualitative traits of each of wheat’s doubled haploids varieties

Ol S c_:l:m ol5T as s

(Mean square) ole e S0k

Sourcesof ~ Degree of & b g S i 58 O35 (gl gioen ol Gl o s
variations freedom Zeleny Wet Gluten Dry Gluten Nitrogen content Water absorption
Lo -

o 33 16.123" 445,02 47.83™ 6.36™ 202.22
Treatment
o
68 7.09 151 1.10 1.48 0.91
Error
o 2
(o) S o 2 14.09 2.15 5.67 8.39 2.51

Coefficient of variation (%)

Ao s G Jlea| cla.« 23 Sl pme
. Significance at 1% probability level
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Table 4. Mean comparison results for the qualitative traits of each of wheat’s doubled haploids varieties

— A5 e s S S S Sl e 1)
Phare P P
Treatment (k) 5 ¢5) _<"“‘)°> (M)J)_
Zeleny (ml) Wet Gluten (g) Dry Gluten (g) Protein content (%) Water absorption (%)
4 DH 15.00%P 37.69¢ 13.209" 12.62" 24.49pP
7 DH 11.00° 34.37 11.80" 12.33 22.564
8 DH 20.67¢N 50.581 17.00m-° 12.37 33.85™
9 DH 13.67MP 55.19mn 18.95H 14.01%1 36.244
10 DH 12.00™P 45.02% 14.71P9 14,9309 30.31"
11 DH 17.33mm 59.55Y 20.149k 16.428¢ 39.4191
27 DH 19.00%k 56.55'm 19.18" 12,711 37.37k
30 DH 22.00%9 52.79% 17.91% 13.34" 34.88'm
49 DH 29.00°¢ 70.50¢® 23.520-¢ 14.99°9 46.98°
50 DH 13.33mP 62.809 21.09th 14.48%! 41.71%
54 DH 21.67%9 51.49r4 17.65M" 14.02%1 33.83m
56 DH 19.67¢! 69.25% 23.28¢%¢ 16.53%¢ 45,98°
61 DH 12.33™P 51.90r4 17.61 13.98¢1 34.29m
62 DH 18.009" 60.37™ 20.3997 15.04>F 39.98™
70 DH 21.33¢h 37.694 13.20% 15.450-¢ 24.48P
82 DH 23.00¢F 59.58ii 19.84Mk 15.01b0 39,750
86 DH 20.33¢h 70.10¢® 23.850¢ 15,580 46.25°¢
102 DH 12.00"P 43.83! 14.76P4 14.52¢ 29.07°
106 DH 11.33% 22.74V 8.75% 12.09" 13.99"
108 DH 12.00"P 61.719" 20.93™ 12.81M 40.78%9
109 DH 26.33% 58.77k 19.75Mk 15,290 39.02"
115 DH 18.339k 64.98f 21.75%9 16.41%¢ 43.224
130 DH 27.00°d 71.01¢d 23.770d 16.93% 47.24¢
141 DH 19.33f1 69.74¢¢ 23.86°d 14.97°9 45.88¢
143 DH 34.008 74.85P 25.11% 18.032 49,745
155 DH 20.33¢h 68.72¢ 22.444F 14.63¢1 46.28°
156 DH 14.00" 71.56° 25.078¢ 137590 46.48°
157 DH 13.33mP 57.274 18.46Km 14.99b-9 38.81Y
159 DH 31.00% 77.802 26.212 17.722 51.592
166 DH 22.00%9 54.54° 18.62I™m 13.408) 35.92«
Trident 23.67¢% 61.4991 21.01fh 14.830" 40.48¢h
Molineux 23.00%f 62.569 21.05%" 14,900 41.50¢
Ehsan 15.67" 50.524 16.85m° 13.31 33.68™
Morvarid 15.33° 47.45" 16.48"P 13.21% 30.97"
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Table 5. Grouping varieties and lines based on volume of Zeleny sediment and bread bakery quality
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Table 6. Analysis of variance of seed storage proteins of wheat’s doubled haploids varieties and lines

(Mean squares) <la o S0ke

Ol s milie Lg:\ﬂ a5
St s n Bl
Sources of variations Degree of freedom Shes .
Protein concentration
ol 7 7.98™
Treatment
s 16 0.09
Error
CJ\J:':"-’ Pt 2.90

Coefficient of variation (%)

Loy K Jlax| Clﬂ“ 23 Sl e FF
™ Significance at 1% probability level

oS A5 shlaalls sla ¥ 5 pll 51 G n Hdb (glo 3 (slacns  Olpee aS0ks 4l =V

Table 7. Mean comparisons of the seed storage proteins of each wheat’s doubled haploids varieties and lines

Sl Gkl 0 5 5 50) s 5 ke
Treatment Protein concentration (ug/ml)
143 DH 28.23?
159 DH 26.63%
106 DH 24.80b¢
7DH 21.80¢
Trident 26.20%
Molineux 22,534
Ehsan 20.96¢
Morvarid 21.63¢
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Figure 1. Seed storage proteins subunits profiles. M: protein marker, 1: Ehsan, 2: Morvarid, 3: Trident, 4:
Molinex, 5: DH-143 and 6: DH-159 lines marker.
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Figure 2. Clustering for seed storage proteins in wheat’s doubled haploids varieties and lines
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Figure 3. UPGMA clustering for seed storage proteins in wheat’s doubled haploids varieties and lines
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Figure 4. Changing in gene expression of HMW-X and HMW-Y relative to control (Ehsan) treatment
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Abstract

Bread’s quality depends on wheat flours quality and quantity and for the goal to be achieved, the usage
of suitable wheat varieties should be considered. Present study focuses on analyzing doubled-haploid
lines of wheat’s bread backing quality and the relationship between qualitative traits and glutenins
reservoir proteins. In current work, traits related to bread backing quality of 30 doubled-haploid lines
of wheat including their parents and two control varieties (Ehsan and Morvarid) were evaluated. SDS-
PAGE test was conducted to identify total amount of protein and the relationship between seeds
reservoir proteins and qualitative traits, afterward, a test was conducted to evaluate expression of
genes involved in bread backing quality. Results showed that there are significant differences on
evaluated traits among all wheat’s genotypes. The highest volume of Zeleny sediment were related to
DH-143 and DH-159 (34 and 31 ml, respectively), the highest amount of wet gluten were attributed to
DH-159 and DH-143 (77.8 and 74.85 gr, respectively), the highest amount of dry gluten were
attributed to DH-159 and DH-143 (26.21 and 25.11 gr, respectively), the highest amount of water
absorption percentage were attributed to DH-159 and DH-143 (51.59 and 49.74%, respectively), and
the highest percentage of protein content were attributed to DH-143 and DH-159 lines (with the
amount of 18.03 and 17.72% respectively). Analyzing of bread backing quality traits indicated that
DH-143 and DH-159 were better than the other genotypes. SDS-PAGE test results pointed that the
highest amount of seed’s protein is attributed to DH-159 and DH-143 (28.23 and 26.63 p/gr,
respectively). Based on gene expression analysis (using real-time PCR), it was indicated that lines
DH-143 and DH-159 had a higher level of expressed than the control treatments for HMW-X, HMW-
Y and PDIL genes. Therefore, lines DH-143 and DH-159 could be used in breeding program for
optimizing bread backing quality.
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