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quantitative and qualitative aspects has always been the most important
goal of breeders. In wheat, the baking quality mainly depends on the
amount and type of gluten-forming proteins, especially glutenin. The study
aimed to determine bakery quality using STS markers related to high
molecular weight glutenin subunits (HMWG) and also to compare grain
yield and some morphological traits of wheat genotypes in Golestan
province.

Materials and Methods: Seeds of 30 wheat genotypes, including common
cultivars and promising wheat lines from Golestan province's Participatory
variety selection project was planted in the farm of Gorgan University of
Agricultural Sciences and Natural Resources in the form of a complete
block design in 3 replications, and at the time of maturity of the plants,
evaluation of agricultural traits was performed. In the laboratory, after
DNA extraction and staining of PCR products using 10 pairs of STS
primers, the total score of HMWG subunits for each genotype was
recorded and then analyzed as the quality score of that sample.

Results: Analysis of variance showed significant variation for seed yield,
plant height, spike length, number of seeds per spike, number of spikes per
square meter and weight of 1000 seeds. The highest seed yield was
observed in cultivar Nodel and promising lines N93-9, N93-17, N92-19
and Cross5028. Significant polymorphism was observed for HMWG
subunits in Glu-Al, Glu-B1 and Glu-D1 loci, so that the quality score of
the genotypes was estimated between 6 and 10, and 13 genotypes had
received the maximum quality score (10). The size of the obtained bands
for the primers and subunits observed in the Chinese spring cultivar
(control) was in complete agreement with the results of other researchers.
Cluster analysis based on qualitative scores classified the genotypes into
four separate clusters. These clusters contained genotypes with good,
favorable, medium and poor baking quality, respectively. Valuing the
samples from both quantitative and qualitative aspects showed that among
the studied 13 genotypes with high grain yield and high-quality score, 5
genotypes with high grain yield and low-quality score, 10 genotypes with
low grain yield and high-quality score and 2 genotypes had low seed yield
and quality score.




Conclusion: The results showed that the variance for seed yield and other
morphological traits as well as polymorphism for HMWG was significant
in the studied population. Locating Nodel, Tirgan and Marwarid in the
group of high performance and quality varieties indicated their value as a
source of desirable genes. This study proved the efficiency of STS markers
in improving the average bakery quality wheat and their potential for MAS.
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Table 2. Characteristics of STS markers used in the study of baking quality of wheat genotypes.

JS)UJ <§L (&—)Yf) L;b: G-r\'\d}:;g‘ _LL J}L ( C) JLAJ LgLa: cw:
Name of S N Length of Annealing Refrence
primer cquence amplified band temperature
F: CGCAACAGCCAGGACAATT Bx17 (669 bp)
P1/P2 R: AGAGTTCTATCACTGCCTGGT nonBx17 (Null) >8 Ma et al. (2003)
F: TTCTCTGCATCAGTCAGGA By9 (662 bp) 4
P3/p4 R: AGAGAAGCTGTGTAATGCC nonBx9 (707 bp) 352 Lie et al. (2006)
F: CACTGAGATGGCTAAGCGCC Bx6 (321 bp)
P5/P6 R: GOCTTGGACGGCACCACAAGG nonBx6 (Null) 64 Schwarz et al. (2004)
R: TTAGCGCTAAGTGCCGTCT By8 (527 bp) 4
P7/P8 R: TTGTCCTATTTGCTGCCCTT non By8 (Null) 64 Lie et al. (2006)
F: GCAGTACCCAGCTTCTCAA Byl6 (3 fragment) 4
Po/P10 R: CCTTGTCTTGTTTGTTGCC non By16 (Null) 62 Lie et al. (2006)
Axl (362 bp)
F: CGAGACAATATGAGCAGCAAG 4
P11 /P12 R CTGCCATGGAGAAGTTGGA AX2 (344 bp) 59.5 Liu et al. (2008)
Ax-null (Null)
F:GTTGGCCGGTCGGCTGCCATG Dyl10 (576 bp) .
P13 /P14 R: TGGAGAAGTTGGATAGTACC Dyl2 (612) 63.5 Smith et al. (1994)
P15 /P16 F: ATGGCTAAGCGCCTGGTCCT Bx7 (2373 bp) 64 Anderson and Greene
R: TGCCTGGTCGACAATGCGTCGCTG  non Bx7 (Null) (1989)
F: GCCTAGCAACCTTCACAATC Dx5 (450 bp)
P17 /P18 R: GAAACCTGCTGCGGACAAG Dx2 (Null) 63 Anderson et al. (1989)
P19/P20 F: AGATGACTAAGCGGTTGGTTC 1 Ax(2300bp) 65 Tzadi et al. (2012)

R: CTGGCTGGCCAACAATGCGT

1- www.metabion.com
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Table 3. The results of analysis of variance for grain yield and its components for 30 wheat genotypes in field conditions.
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Ol o2 9 ybaso Lo poMe [ v 3 HMW (15 glS sldasly g oLl

(55O 8 55 5 g ge a5 5l ealiid b e o 55 (2 $U CodS Sl -8 Jgur

Table 4. Baking quality score of wheat genotypes using subunits in each gene locus.

055 Sl g aes 3 s L .
Total score Genome score Subunit G‘e’ﬁ"ﬁ") =2
enotype Case
genome Glu-DI  Glu-Bl  Glu-Al  Glu-DI  Glu-Bl  Glu-Al
8 2 3 3 12+2 8+7 1 Chinese Spring 1
9 4 2 3 10+5 9+7 1 N91-9 2
10 4 3 3 10+5 18+17 1 N91-17 3
10 4 3 3 10+5 18+17 1 N92-9 4
9 4 2 3 10+5 9+7 1 N92-19 5
9 4 2 3 10+5 9+7 1 N93-9 6
8 2 3 3 12+2 8+7 2 N93-17 7
9 4 2 3 10+5 9+7 1 N94-8 8
10 4 3 3 10+5 18+17 1 N94-11 9
9 4 2 3 10+5 9+7 2 N94-12 10
8 2 3 3 12+2 8+7 1 N9%4-16 11
8 4 1 3 10+5 8+6 2 Cross5028 12
10 4 3 3 10+5 8+7 2 10071 13
10 4 3 3 10+5 8+7 2 Tirgan 14
10 4 3 3 10+5 8+7 2 DH-260 15
6 2 1 3 12+2 7 2 S-90-5 16
10 4 3 3 10+5 8+7 2 Eugqlide 17
10 4 3 3 10+5 8+7 2 Nudel 18
7 2 2 3 12+2 9+7 1 Ecurazado 19
10 4 3 3 10+5 8+7 1 Antonios 20
10 4 3 3 10+5 18+17 2 Lokomolos 21
8 2 3 3 12+2 8+7 2 Ehsan 22
10 4 3 3 10+5 18+17 1 Morvarid 23
10 4 3 3 10+5 18+17 1 Gonbad 24
10 4 3 3 10+5 8+7 2 Shoush 25
9 4 2 3 10+5 9+7 2 Barat 26
10 4 3 3 10+5 8+7 2 Baharan 27
9 4 3 3 10+5 9+7 2 Mehrgan 28
9 4 2 3 10+5 9+7 2 Chamran 29
10 4 3 3 10+5 8+7 1 Sirvan 30
8 4 1 3 10+5 7 2 Radia 31

AR
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Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25
Label Num +--————- s Fomm————— Fm————— e +
N93-17 6 —

Nodel 17

N93-9 5 —

N92-19 4 —

N94-11 8 _
N94-8 7 B [ sles S
Morvarid 22 E—

N92-9 3 —

N94-16 10

N91-9 1

Gonbad 23 :I_

N91-17 2 —

N94-12 9 :l—

Ehsan 241 —

Tirgan 13 O

Akorazado 18 _I_

Barat 25

Baharan 26 —_— _
Antonius 19 — £330
Lokolos 20 —

oklideh 16

10071 12 —

DH-260 14 —

Radia 30

Chmran 28 —

Mrhregan 27 — ey oh £
Sirvan 29 —_—

Cross uill

$-90-5 15 — pleres S
ShoSh 24

o595 50 Do gl 55 Shas ulul  UPGMA s 5 asliiasl b puiS glacas 55 (slad 5 4328 5l goi 5 ol =) [
Fig. 1. Dendrogram of cluster analysis of wheat genotypes using the UPGMA method based on yield and other
morphological traits.

P10 4, P9 S50 ol » 218U CdS o addllan 53 odd eslinal Glacs 85 51 S 558 1 JF p geai —Y JSS
N94-1 N94-12 N94-16 0+ YA IS 10071 B8 ;5 DH-260 S-90-5 oS5l (Js 5 S5k 10 5 4 (ol 4 < 5

Sob g osle s N91-9 NI1-17 IN92-9 N92-19 IN93-9 N93-17 IN94-8

Fig. 2. Image of electrophoresis for a part of the genotypes used in the study to determine the baking quality
for P9 and P10 primers.
(From left to right) in order: Marker, Noodle, Euclid, S-90-5, DH-260, Tirgan, 10071, Cross 5028, N94-16,
N94-12, N94-1, N94-8, N93- 17, N93-9, N92-19, N92-9, N91-17, N91-9, Chinese spring and the marker.
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Fig. 3. Image of cluster analysis dendrogram of wheat genotypes using UPGMA method based on genomic
scores related to baking quality.
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Fig. 4. Scatter plot of wheat genotypes based on grain yield and quality genome score.
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