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Extended abstract

Introduction

Compared to any other food source, wheat in the form of bread contributes the most to the nutrition of the world's
people. In Iran, bread made from wheat is the main food of the people, so the increase in the amount of consumption
of this grain compared to its production has created concerns in terms of food security. Responding to the ever-
increasing need of agricultural products and raw materials of industries related to the nutrition of human society
has always been the most important goal of agricultural science researchers. Undoubtedly, one of the most
important elements of improving the production of crops is the creation and introduction of new high-yielding
cultivars suitable for the climatic and geographical conditions of the cultivation areas, which are the duties of plant
breeders. Increasing the grain yield per unit area and improving the quality of bread based on obtaining accurate
and reliable genetic data and information along with the preparation of diverse and compatible genetic materials
are also among the most important goals of wheat breeding programs in Iran. Knowledge of the genetic control of
traits and access to molecular or morphological markers associated to them are prerequisites for any genetic
engineering.

Materials and methods

In this study, 100 progenies of a 10 x 10 diallel cross were used to analyse the genetics of grain yield and bakery
values. This research was conducted during 2018 and 2019 at Gorgan University of Agricultural Sciences and
Natural Resources. In the first year, 10 wheat cultivars including Gonbad, Marvarid, Kalate, Ehsan, Sirvan,
Baharan, Chamran2, shush, Mehregan and Brat from different geographical regions of Iran were grown and
crossed in the field. In the second year, the parents and the crosses were planted in the form of a randomized
complete block design with three and the values of grain yield, number of spikes per plant, number of seeds per
spike, seed weight, days to emergence and plant height were measured from them. Diallel analysis was done by
the second Griffing method and the effects of general combining ability, specific combining ability, broad and
narrow sense heritability, additive and dominance variance were calculated by using SAS software. DNA
extraction of parental cultivars was done by CTAB method, and 10 pairs of allele-specific STS primers associated
with HMWG subunits were used to determine the bakery value.
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Results and discussion

The results of this study indicated significant genetic differences between the parents. The LSD test divided the
studied parents into four groups for seed yield per plant, so the highest yield was observed in group A, which only included
Brat cultivar with an average yield of 12.06 gram. In group B there were Ehsan and Shush (8.67 and 6.38 gram, respectively),
in group C there were seven cultivars including Shush, Baharan, Gonbad, Mehrgan, Kalate, Marvarid and Chamran. Other
cultivars with the lowest performance were placed in group D. Narrow-sense heritability analysis revealed that the
crossing of cultivars is the best breeding method to enhance seed yield, number of spikes per plant and days to
emergence. Also, to improve the number of seeds per spike, seed weight and plant height, classical breeding
methods may offer higher efficiency. Marvarid and Gonbad were ranked 1° and 2™, respectively with respect to
general combining abilities for grain yield, attributed to their positive and significant general combining ability
effects. Therefore, cultivars that are crossed with these parents will produce progenies with a higher seed yield than the
average of the parents. Kalate is not recommended for crossing, because it had negative and significant GCA, and its
participation in crosses will lead to reduce in seed yield. The highest specific combining ability was observed for
Ehsan X Gonbad, Marvarid X Chamran 2 and Shush X Sirvan crosses. The results of molecular markers analysis
showed that the STS markers were able to identify the difference in the baking value of cultivars. The quality score
of the cultivars ranged 6 and 10 and to this end, Kalate and Brat were the top cultivars. Because the studied
genotypes were inbred wheat cultivars, it was not unexpected for them to observe relatively good score (mostly
they had scores 8 to 10).

Conclusions

Therefore, due to superiority in terms of both quantity and quality for yield, these cultivars can be used as parents
with desirable genes for future breeding programs. Overall, the STS markers employed in this study proved to be
valuable markers for enhancing the genetic background of bread wheat, particularly when employing marker-
assisted selection for bakery value.
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Table 1. The Names, climatic characteristics and pedigrees of the studied wheat cultivars

‘,_5 B V.;.L"‘a\ g
Cultivar Climate Pedigree
45 et sb o 50 5 ATRAK/WANG-SHUI-BAI[3589]
Gonbad Hot and humid of North
Lol ot sk e 505 MILAN/(SHA7)SHANGHAI-7[3686]
Morvarid Hot and humid of North
s et sb o 50 5 MILAN/S87230/BABAX
Kalate Hot and humid of North
. ¢ SABUF/7/ALTAR84/AE.SQUARROSA(224)//Y ACO/6/CROC_
ol Jud b e s 25 1/AE.SQUARROSA
Ehsan Hot and humid of North  (205)/5/BR12*3/4/IAS55*4/C114123/3/IAS55*4/EG,AUS//IAS55*4/ALD
Ol Jotine PARULA/2*PASTOR[4361]
Sirvan Temperate
oLl Jotine KAUZ/PASTOR//PBW-343[4189]
Baharan Temperate
Vol oy SEE e S ATTILA-50-Y//ATTILA/BACANORA[3589]
Chamran 2 Warm and dry of South
o e SEE e S CBRD-3//STORK/TR.DS[4189]
Shoosh Warm and dry of South
OB e e SEF e S OASIS/SKAUZ//4*BCN/3/2*PASTOR[4189]
Mehregan Warm and dry of South
<l oy SEE e S SLVS*/PASTOR

Barat Warm and dry of South
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Table 2. The names, length, sequence and characteristics of the STS markers used for the evaluation of wheat

cultivars
STel Sl s 53 S5kl Jig oL T .
Primer Marker Primer Allele or ol
Reference
name code sequence gene locus
PI(F) CGCAACAGCCAGGACAATT Bx17 (669 bp) non
Bx P2(R) AGAGTTCTATCACTGCCTGGT Bx17 (630 bp&766 bp) (Macet al., 2003)
ZSBy9Af  P3(F) TTCTCTGCATCAGTCAGGA B9 (662 bp) (Lic et al, 2006)
1/R3 P4(R) AGAGAAGCTGTGTAATGCC non By9 (707 bp) erat
P5(F) CACTGAGATGGCTAAGCGCC Bx6 (321 bp)
bx7-fr P6(R) GCCTTGGACGGCACCACAAGG Non Bx6 (Null) (Schwarz et al., 2004)
ZSBySF P7(F) TTAGCGCTAAGTGCCGTCT By8 (527 bp) (Lie et al., 2006)
5/R5 P8(R) TTGTCCTATTTGCTGCCCTT non By8 (Null)
ZSBy9F PI(F) GCAGTACCCAGCTTCTCAA ByI6 (3 fragment) (Lie et al., 2006)
2/R2 PI0(R) CCTTGTCTTGTTTGTTGCC non By16 (Null)
Ax1 (362 bp)
P11(F) CGAGACAATATGAGCAGCAAG .
UMNIO ™ b1oR) CTGCCATGGAGAAGTTGGA 4x2 (344 bp) (Liu et al., 2008)
Ax-null (Null)
P13(F) GTTGGCCGGTCGGCTGCCATG Dy10 (576 bp)
P3 /P4 P14(R) TGGAGAAGTTGGATAGTACC DyI2 (612 bp) (Ahmad, 2000)
PS PG P15(F) ATGGCTAAGCGCCTGGTCCT Bx7 (2373 bp) (Ahmad, 2000)
PI6(R)  TGCCTGGTCGACAATGCGTCGCTG non Bx7 (Null)
- P17(F) GCCTAGCAACCTTCACAATC DxS5 (450 bp) (Ahmad, 2000)
PI8(R) GAAACCTGCTGCGGACAAG Dx2 (Null)
P19(F) AGATGACTAAGCGGTTGGTTC (Izadi-Darbandi and
PIOP20 pror) CTGGCTGGCCAACAATGCGT AxI (2300 bp) Yazdi-Samadi, 2012)
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Table 3. The results of means comparison of different traits for wheat cultivars based on the LSD test

JCEY Gy i) b slaws 53 &l slaws Voo O Gl 5> Sas
Bl oA (a5l Lol b (f«;) Sls <¢;> L2
Cultivars Days to Plant height Number of Number of 1000-grain Grain yield
emeroence (cm) spikes per grains per weight (er) per plant
g plant spike gntie (gr)
SIS
11.75 AB 61.90 D 10.50 B 81.50 A 3832 A 423CD
Kalate
=l
= 1225 A 69.29 AB 10.00 B 6250 E 3893 A 12.06 A
Barat
bl
1033 C 60.80 D 1033 B 6233 E 40.75 A 5.39CD
Baharan
08 e 1225 A 63.26 CD 11.00 AB 71.50 BCD 36.87 A 428 CD
Mehregan
Oles|
11.75 AB 67.77 ABC 9.00 BC 72.00 BC 42.76 A 8.67B
Ehsan
|
Sl 11.33 ABC 63.66 BCD 11.33 AB 64.00 DE 3231 A 4.06 CD
Morvarid
S 10.50 C 70.45 A 14.00 A 77.0 AB 3527 A 6.38 BC
Shoosh
Ol s 68.69
- 11.00 BC 9.50 BC 5950 E 4338 A 293D
Sirvan ABCD
L8
: 11.83 AB 61.73 D 8.33 BC 74.00 AB 3831 A 4.7 CD
Gonbad
Y ol
ad 11.75 AB 68.68 ABC 6.50 C 66.00 CDE 3575 A 3.17CD
Chamran 2

Al e ds s 0 CJA.A)JLSJLATC))LE Jjbméﬁiﬂdfé)\)bas&uaﬁgecj;ﬂjﬁ):
In each column, there was no statistically significant difference at P<0.05 among means with common letters.
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Table 4. The results of diallel analysis of wheat cultivars using Griffing method for some important traits
Sla e ke
Mean squares

als 5> Shas
s A . . . dow sl s dls slaws .
e Nead s B s SRSl : Verr O3 Sy
Source of variation oA (ewsle) S s (rjf) &$ls ( ;)
. Number of  Number of . f
Days to Plant height . . 1000-grain -
emergence (cm) spikes per ErAMS PEL e ht (gr) Grain yield
& plant spike ghtie per plant
(gr)
Sk
Block 158.8 389.67 53.52%* 450.95%* 35.17 693.03%
e 66.66 89.63 % 13.68%* 180.71%* 33.71%* 312.96%%*
Genotype
GCA 1.61%* 245.59** 25.45%* 811.74%* 151.62%* 377.53%
SCA 0.63 58.12 15.46** 82.76%* 21.37** 308.03*
e
0.84 51.25 9.48 44.57 12.54%* 192.37
Error
W) R ARV V|
(Va) (2l 3t 3l 0.05 10.42 0.55 40.49 7.24 3.86
Additive variance
e Gl
(Vo) ol -l 0.07 2.29 1.99 12.73 2.45 38.55
Dominance variance
Or) ol a3 1.67 0.66 2.69 0.79 0.82 4/46
Dominance ratio
2 T e
S 30 43 45 79 70 40
Broad-sense heritability
H? gt 5 ol
N (o a5 s 125 8 10 60 52 4

Narrow-sense heritability
el WA 580 & A8 Y Ll e a5 SCA GCA (55 oS5k ol Ol le &35l am s

A3 ) 50 sl sl pme S S L
The degrees of freedom for variation sources including block, genotype, GCA, SCA and error are 2, 99, 9, 45
and 179, respectively.

*and **: Significant at 0=5% and o=1%, respectively.

o) 53,8 o algdy A s el A5 asles (S
Sagre 5 e s Gl S A Gl sl
o B 3y 3l ) s L o Y s s oy

(8 Jsa=) cals aal = S rwS O
EPIRF 3 P38 S iS5 A 53 i sl
(8 Jgd) K s pme ds )30 ) cb.w);g:,.f“}:cu_
Bl et @ b pme eges G plioS S oedalis
i 31005 b s ¢l b 3% 3 oS ol il
e SpheS 5 A Ak e sl S

Yv

2 O B 5, ko Gl o G adiS S
OLLS dm s ol (8 Jgdr) A Hls e dsy3 0 CIM
S b e keSS R s S
Oy oS 55,0 b cpdlly ml Jlal 5 Lz & slice
5 el 3L Sl 35 eslizal L 335 s WoT
U 5uy ome ohd acwlee VAV OS50 U 5y, e
IS5 CdliGss Jos bl gba0) L Bias 0
(SCA & GCA ) Sy o (8 Jpd) 355 oo
xS b Yl 00 e U5y,
By S 5 (O CdG 8 Jes) YL 2

s S35 i, Sl ssSdhe Caw sl el



b‘)&éﬁj&hﬁ-‘)

RS 53 (Rl Ples 5 GBSl M g8 5 Coanl
Afridi et ) 01,8 5 g 3l anlllas 55 .ol Cibo ]
5 il Sl s 8 oS Ws S et 5 (al, 2017
e oS i p3 ils slaas (S5 J xS s Ll 8
SrleS 5 Al 8 A5 5 S P61 s
B3 el S 5 sl n g Gulsine 5 e pages
PN (PRI N KR K FH W AP0
o s als slaw e am s (8 Jods) Lo rLBJ\
SNV il (SCA & GCA o) [Si5§ S 5 +/VA
o2l S Jee) Gl Sl s 4 A S L s
Lol olng sla gy Vb (S35 s 5 (W05
03 &ls oS S 8l (B Sl s sla s 5y sl

238 ot i
SrliaaS 5 uilly o5 sls ol esls Piils 4o
don ) e 3 Ayl 055 Gl s 5 e ses
Sl F OAd b (E dsdzr) 25 s e
— 615 Sla N il B 6 ol e ol 4 a g
5 oo3 Sl &ls 035 sl g 4 05 U s M
I 6l OT L (39 51 Ol oS (wlly (58l Jlez|
Olg o (sL“a)\ el 3L 23 S e e GL“J)J Qlsylm O3
5 S e GahosS S DU gl Sl
ookt Bl Rl b (BN gl cnl pls sy (Sl3 e
ey Mg Sewwle CL“J o3 alsyles O3y JAulsdl
orl Sl esliad gm MIs 53 G o sa G plieS S
Oramen 5 Vb Lloylie 055 L 2 S gl pB)
Sl sy el dde Gwdse el edalls
Aoshls Ol e x Olexl 5 Olg e X Liyls e
Gl s W ot GabieS S
edalin 5 28 3 wla)ln 05 Sl sy b S
Slp cadle az o (8 Jodr) 358 0 do 55 s e
S50 IVE OT gl (S5 Comd 5 /AT W5 O3
Jo) mb cdle s b L (8 Jsdx) s S
wls 035 @l Vb (S5 cams 5 (0] a8l el
Gl 03 4ls O35 3 s 1 Sl gl s g1l S

R R

YA

e o) 3580 5 4l 3 Shas (gl pkS o5 Higls 420

Ji,,“.\j,'el}w:l.xz.?):wjjjzao.x.al.i.ad\ﬂ.n;y
5 Olarx sl e S W Sl Olg e Lolazt] (O
SadiesS 5 DI Gl 15 S o5 LeSXOLs
e a5l e s iz N oy
(SCA 4 GCA ) K5 e 5 A 3,50 Y/
Sl ax 3w 5 (8 sa) s Y Ll 00 6l
(oml (S5 e 5 (LOF B Jes) VL
sl 5 SN e golne gl i, S 8w
235 oh de 5 851 53 ahis SR 35 (Sl s 0
gl 03 s P Gl e SadiS S b
s o OLLS s cpl (8 Jgdar) LS Sls pme Lo s )
el o3 el e (S5 Ol o0 5 i) e ) &S
GCA [5lls 03 Sz oomes o 5 anals
ol s g oy il Sl Caeal sdasolis
ol I & (Kearsey and Pooni, 1996) AL o i
Fi s gl s oS 4 gLl U285 L0J el
(Afridi ef al., 2017) Coul sl 35155 55 M3 Fy
Aol caga S0 5 U8 e Olle U
T o s Sl g s e e S pliS S
S gLl RS gl Kos el LS 5 55 plsl
Abls Giad 5 Sl sl pB)ldnes Sl
ol gl Lag b 5 Sote eges SpdysS S
Ll (g iy Cu;)\;i; rG)\L.,;.,.“SJJ): CB)‘
SriasS s ol e ST dpa) il
Sl B Ll s Jlspme 65 g1 G0 o ga
S sh) s fisl S sl Ol X
LS S S BN 5 (e po st pdiS S
S 118 5 gl Gl 531 (s Ol s X Ol
(8 Jgdr) Lrees Clie (Lo o g2 (S i S 5
s 3l N Sy Pl sl ol s
55 J S
&l 50 SCA 4 GCA o) (S5 S 355 28l

)@}A.o&ﬂ;\iyﬁsjj J,le\j«.l.:;..ﬂjzc\jbzl.bjé\ﬂ

slasylis oS Ud s pae o s ) c]a.d): P R



VEAY /Y opled/ Ve s/ alE S sla i

sy2> oy, b (Shadadeh et al., 2020) Ol,Sas
55 STS la SKLzs 51 eslizwd L HMWG (sladls 55
o35 kel o35 £ Jals Sl O piS anel
DRI ALIV R DL PN ERFAARIAR
Song et ) O SKan 5 K g L3 505 3515 1y (s
sl Slis 3,58 5 Coenl Ol 55 (al, 2023
SHOL puS (ool 55 15 STS ¢lsil s IS5
Marker-assisted ) Sl S o ozl 3 b

Llesls 13 ,\.:S‘L? 5,4 (selection: MAS
Glu-Al 5500 A p55 55 I8l 33, sl 1
OF sl A1y 5 55 il e HMWG a5 505 4w 5l
CaiS) Y S lael ils 53 s & duteas Ax2 5 Ax]
ool NUll O pos Aty 5 5 ddib o (g 2150
L3l o (osllasl 16l i)\ aS slael glyls o5
Sl oo AX2 5 Axl g P10 )
Kb FAS VL ol SH5 s et ann s
ol & pow P194P20 5 UMNI9 gl ST
b b glankd 5 eauS o 25 1 Ax b bad e JIg
S YiE Jsb U glasdas 5 Ax] (gl sLcas YAY
Null ¢4 535 o 2SS UMNIL9 S5l v 5 54x2 &l
Liu et al., ) 55,8 » &bl b PT pl 8L Coxss o
Sbcds YYee Jub b glasks P19+P20 S 5Le1.(2008
Ax] J1g 5 .05l e Ax] U1 glols oS S o 3551
S 5 Ol (g sl e OB e ol BB
YOl oo 5 Olem| (NS (51 53 (AX2) 2% Axls 5 5
JSE 50 Jas) s Null Ol o35 5 3 S edaliee
Sl p &S ol Gloddatlis oo 3l S Glu-Al ()
s go L 0L S 3 (MAS) Sl S oy ol
Song et al., ) coul 4 S 3 diss eslitul 5 se
&2 PCR N ams gL (¢80 I3 3 (2023
pkS W3, V¢ (sl P19+P20 5 UMNI9 (sla S5

sl ol 63l QL:'J Iz )80

Yq

:J,Q».o sl H?) day.a;'-tsﬂ.léd))‘j ax)las REBE
o3 alslass 5 & Cu:)\ O 5w U 5y g 5o 4ls
Lol s S alaslpm 055 5 45 oo ahons ol caons
(8 Jsds) A 350 Ao OF 5 Ve e A Y0 8
oSl Ol Ol b ot S adiils sl
S 0T WU palie 5 ol amaler 53 350 ol
D3 B JIL plads 8 Cod pate &S A o
ls S Sl DRIl gy ey i 02 5 200
il o3 Sl 5 edalie 5 5 o slgty anil
GIF 55 ol 3 S oS 53 O sl 5 ails 5 Slas 51
OSan 5 ool asllas 55 (Afiidi et al., 2017) Cood s
Sy sosar Sy (Al-Tamimi er al., 2020)
O 5 ad s 5o dls slad Wy 5o ad g slias by 5 Shas
YV 8 QTYEXVOL ol b S 5 by p A8 S5l Ve

3 S 5yl L Aoy WY
SSls Jpama 355850 51 edel sy =k
L Lo e STS 3Ll cax & @lp 3k loas
0 Jsd>= 3 axdllas 5,40 r”f Bl sl alsl 23l
N Ry W ged Ol g Gramen (Lol ekt osls e
o313 Jislad PCR &Y guams (gl 55585 51 slads
23S by AS Sl () JS3) el o
sl G b S S50 s s sz el
0 Jsd= 53 Lled yuns (Payne et al., 1987) Ol )\Sen
fB5l sl 3y ) Sl il ol s sl il
Lo olil Slosas bl asdlas 54 r.xf
L3S alons V0 B WOT AS Ll oS (g sbe
Sl el andllas 550 Glacs 83 05 (0 Jsir)
Lol sl s bd Skl sdalie Lo sy oS o
(axils Ve A Sl 61 ds s 81D 555 sl 51550
Gad=lsns bk STS b Sl gl
Bld 0L pkS pB) osls slubs s HMWG
Gl odd IS 55l ) e sl oS
o3lsls .(Poudine et al., 2015; Shadadeh et al., 2020)



C)‘J&@j&-ﬂ’lﬁbﬁ)

uﬁ-j‘)‘ DJJIﬁjda": QJSLQ.G 6‘}. f.&f ruJ‘ Jﬂ‘s‘: 4 P

guelweyy

-
et

-~

(il o) p S 0Bl 53 Glu-AL slados 15 (3L, sl PTIFPI2 (sla ST sl (68011 s

(o ) i (1 5 AXT a5 plalid (51, PIOHP20 (sl ST sy 5,50

Figure 1. Banding pattern of primers (P114+P12) for detecting the Glu-A1 subunits in wheat cultivars (right);
Banding pattern of primers P19+P20 for detecting the Ax1 subunit in wheat cultivars (left).
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Table 5. The genomic scores of the listed cultivars arranged by subunit scores as per Payne et al. (1987).
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