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1- Cleaved Amplified Polymorphic Sequences

2- Single Nucleotide Polymorphism
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Table 1. The primer characteristics with the expected size product and the PCR thermo cycling conditions
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Figure 1. The electrophoresis of PCR products for primers of Pina-F1c Pina-R1b Pina-R2a. The amplified

fra?ments of 447 bp and 625 bp representing Pina-D1a and Pina-D1b alleles at the puroindoline alocus for grain
softness and hardness, respectively. The lanes from 1 to 11 representing cultivars of Darya, Arg, Rooshan, Dez,

Zarrin, Tgjan. Pishtaz, Chamran, Kohdasht, Kavir and Maroon, respectively.
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Figure 2. Agarose gel electrophoresis of PCR
D1aR for identification of Pinb-D1aallele, and B{)
M is 100 bp DNA size marker, numbers from left to
Hirmand, Akbari, Sabalan, Omid, Kavi

roducts for the allele specific primers of A) Pinb-D1aF and Pinb-
Pinb-D1aF and Pinb-D1bR for identification of Pinb-D1b allele.

right (1-12) were cultivars of Arg, Boolani, Tajan, Homa,
r, Kaskogen, Darab2, Mahdavi, respectively.

Table 2. The classification of wheat germplasm based on allelic combination and grain hardness index
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Table 3. Mean, standard deviation and the variation range for quality traits in the studied wheat cultivars
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Table 4. Mean squares of quality traits resulted from the analysis of variance for different Pin alleles in the studied

wheat cultivars
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Table 5. The phenotypic correlation analysis between quality traits in wheat genotypes
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Table 6. The stepwise regression analysisfor traitsin bread wheat cultivars

Kaly o J2e 3kl ol bl ol s t Sig oAb guuas R?
B Std. Error Beta
&ly B (Constant) FAEY -[AY [IARY [+~ /-0
Pina \/¥5 /5 A4 Y/¥Y R
Ob e (Constant) av+/a0 a/vo INZARS ofee
Pina -\&IvY £IY. — /Y —Y/0A [\ oA
ol Gls (Constant) [T, At YYAIYS /
Pina /Y0 RAYN /vy YIYY of+N ofe5

Loy &l e duoyd s plB)) (clys g 0l Ui cllas
D92 00l S (o3 ey pB)l (lp g B0 (VL (o2ae
4l 58S B L (e ) 5 S ose)]
Bl )8 &l bl (s e sl e (Jsge (96
&S Sol Candy olSiwd bwgi 35 ab Ol Qls sy Hesl
Jlie > couw sbaail 5YL O Qla i oaiS oy
oolizl 5l Sinlen (YY) glts L 48 3 pyi (slaals
Pina o Il 5955 (b)) sskaie 4 STS (sla,SilLis |
Slazel BB g ool (obigy ily i oy slp Pinb 4
e Glge pS CuiS ol glaasly > &5
Byl 5l By g adlae pl jl osel Cands ol b )5
08 sgu; et @l i e s 5 dy ol piiS
oxlatwl puiS SNl sladoly jo CleMbl pl 5l g o

Dged

S syl adllas 3590 a5 ols L odel oty gl
L3 Pina lp PinaD1b L PinaDla JI o jl
g PinaDla 1« byye Jlsld oyt S gygbes
ol 3 @ odslys 05 31 ) b onrie Ml
g5 Baios cul (YY) )15 55 e 53 pa5 )
pasde b eS8 pB)l I (S 03 1) dgileyn sl
paS o pB)l e 53 1y Slold o yid o M g0
Caw A dadisleye o Bls a8 dgy PinaD1b o)ls b
DT dels 4yl 61l onpn 8wl o cdl
loolsy 4 by & aidl e Sbly p6)l PinaD1b
o Sb sel costy Sli)lS sius Caenw (Sl
asly 4 PinaD1b T sxims coopw 55 4l a5 el
DI el a6y (1Y) caslss gble 1 oMol
s Shylg e8] 51 35 Pinb-D1b
Sailelyan! oKy 3l Juols oo b ool Cowdy ol

w N

[S2IF SN

o

© 0 N

&lo
. Blochet, J.E., C. Chevalier, E. Forest, E. Pebay-Pe%/roula M. F. Gautier, P. Joudrier, M. Pezolet and D.
Marion. 1993. Complete amino acid sequence of puroindoline, a new basic and cystine-rich protein
with a unique tryptophan-rich domain, isolated from wheat endosperm by Triton X-114 phase
partitioni ng. FEBS Letters, 329: 336-340.
. Brennan, C.S.,, B.D. Sulaiman, JD. Schofield and J.G. Vaughan. 1993. The immunolocation of
friabilin and its association with endosperm texture. Aspects of Applied Biology, 36: 69-73.
. Bushuk, W. 1998. Interactions in wheat doughs In: Hamer R.J. and Hoseney R. C. (eds), Interactions:
'{ge Keysto Cereal Quality. St. Paul, Minnesota: American Association of Cereal Chemists Inc, pp: 1-

. Cane, K., M. Spackman and H.A. Ea?les. 2004. Puroindoline genes and their effects on grain quality
traitsin southern Australian wheat cultivars. Australian Journa of Agricultural Research, 55: 89-95.

. Chen, F.,, F. Zhang, C. Morris, Z. He, X. Xia and D. Cui. 2010. Molecular characterization of the
Puroindolinea-D1b alele and development of an STS marker in wheat (Triticum Aestivum L.). Journal
of Cereal Science, 52: 80-82.

. Chen, F., Z.H. He, X.C. Xia, L.Q. Xia, X.Y. Zhang, M. Lillemo and C.F. Morris. 2006. Molecular and
biochemical characterization of puroindoline a and b alleles in Chinese landraces and historical
cultivars. Theoretical and Applied Genetics, 112: 400-409.

. Chen, F., ZH. He, X.C. Xia, M. Lillemo and C.F. Morris. 2005. A new puroindoline b mutation
presented in Chinese winter wheat cultivar Jingdong 11. Journal of Cereal Science, 42: 267-269.

. Darlington, H.F., L. Tesic, N. Harris, D. Griggs, I. Cantrell and P.R. Shewry. 2000. Starch granule
associated proteinsin barley and wheat. Journal of Cereal Science, 32: 21-29.

. Gautier, M.F., M.E. Aleman, A. Guirao, D. Marion and P. Joudrier. 1994. Triticum aestivum
puroindolines, two basic cysteine-rich seed proteins: cDNA sequence analysis and developmental
gene expression. Plant Molecular Biology, 25: 43-57.

10. Giroux, M.J. and C.F. Morris. 1997. A glycine to serine change in puroindoline b is associated with

\évft]% G%rajn hardness and low level of starch-surface friabilin. Theoretical and Applied Genetics, 95:

11. Glenn, G.M., F.L. Younce and M.J. Pitts. 1991. Fundamental physical properties characterizing the

hardness of wheat endosperm. Journal of Cereal Science, 13: 179-194.

12. Greenwell, P. and J.D. Schofield. 1986. A starch granule protein associated with endosperm softness

in wheat. Cereal Chemistry, 63: 379-380.

13. Groos, C., E. Bervas and G. Charmet. 2004. Genetic analysis of grain protein content grain hardness

and dough rheology in hard-hard bread wheat progeny. Journal of Cereal Science, 40: 93-100.



WA JsSse sl St (KaS & o p 5 il p5) sl 5w 5 ge sb T bl

14. Huan?, X.Q. and M.S. Roder. 2005. Development of SNP assays for genotyping of the puroindoline b
%gneéo% g_:]zrg% hardness in wheat using pyrosequencing. Journal of Agricultural and Food Chemistry,

15. Huang, X.Q. and A. Br{lé-Babel. 2011. Development of simple and co-dominant PCR markers to
genotnye puroindoline a and b alleles for grain hardness in bread wheat (Triticum aestivum L.),
Journal of Cereal Science, 53: 277-284.

16. Lillemo, M. and C.F. Morris. 2000. A leucine to proline mutation in guroir_wdoline b is frequently

present in hard wheats from Northern Europe. Theoretical and Applied Genetics, 100: 1100-1107.

17. Lillemo, M., F. Chen, X. Xia, M. William, R.J. Pena, R. Trethowan and Z. He. 2006. Puroindoline
grain hardness alleles in CIMMYT bread wheat germplasm. Journal of Cereal Science, 44: 86-92.

18. Malekzadeh, K., F. Shahriari, M. Farsi and E. Mohsenifard. 2008. Allelic variation of hardness genes
(puroindoline a and b) in Iranian commercial and landrace wheats. Journal of Water and Soil Science -
Isfahan University of Technology, 12: 649-656 (In Persian).

19. Mohammadi, M., E. Mehrazar, A. lzadi-Darbandi and G. Najafian. 2013. Genotype diversity of
puroindoline genes (Pina-D1 and Pinb-D1) in bread wheat cultivars developed in Iran and CIMMYT.
Journal of Crop Improvement, 27: 361-375. ) ) )

20. Morris, C.F. 2002. Puroindolines: the molecular genetic basis of wheat grain hardness. Plant
Molecular Biology, 48: 633-647.

21. Pallotta, M.A., P. Warner, R.L. Fox, H. Kuchel, S.J. Jefferies and P. Langridge. 2003. Marker assisted
wheat breeding in the southern region of Australia. In Proceedings of the Tenth International Wheat
Genetics Symposium Paestum, Italy, pp: 789-791.

22. Sadeghi, F. and H. Dehghani. 2016. Study of Correlation Coefficients and Factors Analysis of Bread-
?Ralgng Quality Attributes in Beard Wheat (Triticum aestivum L.). Journal of Crop Breeding, 8: 1-8

n Persian).

23. Salmanow?cz, B.P., T. Adamski, M. Surma, Z. Kaczmarek, K. Karolina, A. Kuczynska, Z. Banaszak,
B. Lugowska, M. Majcher and W. Obuchowski. 2012. The relationship between grain hardness,
dough mixing parameters and bread-making quality in winter wheat. International Journal of
Molecular Sciences, 13: 4186-4201.

24, %}éewry, P.R. and A.S. Tatham. 2000. Wheat. Cambridge: The Royal Society of Chemistry, pp: 335-

25. Tipples, K.H., R.H. Kilborn and K.R. Preston. 1994. Bread-wheat quality defined. In: Bushuk W. and
?F)€5asper V.F. (eds), Wheat: Production, Properties and Quality, Glasgow: Chapman and Hall, pp: 25-

26.?:r207rr§%u7ll, K.M. and S. Rahman. 2002. Endosperm texture in wheat. Journal of Cereal Science, 36:
27. Xia, L.,' F. Chen, Z. He, X. Chen and C.F. Morris. 2005. Occurrence of puroindoline alleles in
Chinese winter wheats. Cereal Chemistry, 82: 38-43.



Journal of Crop Breeding Vol. 9, No. 21, Spring 2017

I dentification of Alleles Affecting the Grain Hardness in Different Bread Wheat
Cultivarsusing Molecular Markers

Sanaz Norouzdokht-Nokhandan®, Ali | zanloo?, Mohammad Zabet® and
Mohammad Ghader Ghaderi?
1- MSc. Student, University of Birjand (Corresponding Author: sana.noroozi1990@gmail.com)

2- Assistant orofessor, University of Biriand
Received: December 22, 2015 Accepted: November 1, 2015

Abstract

Grain hardness is the main factor for classification and end-use quality of wheat. Wheat with
the hard grain texture has higher protein content and more intensive gluten that leads to
production of higher bread quality. However, soft texture wheat has lower protein content and
wesker gluten, which are suitable for cake and candy production. Grain hardness is determined
by the Pina and Pinb genes that are located on the short arm of chromosome 5D. In this study,
83 bread wheat cultivars were characterized for the alélic distribution of Pina and Pinb genes
using allele specific markers. At the Pina locus, Pina-D1a and Pina-D1b alleles were observed
in 64% and 36% of varieties, respectively. However, at the Pinb locus, 90% of varieties showed
Pinb-Dl1aand 10% had Pinb-D1b alele. Based on the grain hardness index which was measured
with NIR, varieties whit the value less than 50 was considered as soft while above 50 was
considered as hard grain texture. The results of marker-trait association showed that Pina had
the significant effect (P= 0.019) on the grain hardness, as cultivars with the Pina-D1a alele
were significantly softer (49.85+0.37) that those with the Pina-D1b alele (51.38+0.50). The
results of regression analci/sis showed that for the traits including bread volume, grain hardness
and water absorption as dependent variables, Pina was entered to the model. The results of this
study can help wheat breeders for effectively selecting parents for the grain hardness in the
MAS breeding programs.
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