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1- IPK-Gatersleben

2 International Center for Agricultural Research in the Dry Areas
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Table 1. Characteristics of local bread wheat genotypes, according to IPK- Gatersleben and ICARDA gene banks
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Table 2. Characteristics of microsatellite markers located on chromosomes 4B
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Table 3. Analysis of variance for the studied control cultivars
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Table 4. Descriptive statistics for desired traits in bread wheat genotyps
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Table 5. Simple correlation coefficients between the measured traits
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Figure 1. Banding pattern of Xgwm888-4B marker on 6% polyacrylamide gel for some of the bread wheat genotyps
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Table 7. Polymorphic information content, marker index, effective multiplex ratio and resolving power in the primers examined
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Table 10. Mean comparison of significant traits for different markers

Xgwm898-4B ,Kiluis

s (bp) W1 Coigy olass (2o o) iy oye dliw 53 &l sl
) V¥ 3 v/ax® DUAY
Y V.5 ¥ v/s° va/o0”
¥ VoA A v/an® av/sy?
¥ 1. ) visA® vsiA-"
) 1\ \ v/se° vv/sa”
Xgwm8gg-4B 5l
o (bp) I i Sl (€M) &b o e el 5> &l Sy (CM) o2 Sy o
) VAo 0 Y/aN® oF/A° V2K
Y Qv WV y/sa” YANRY Vi
Y yaq Y Y/AN? oyt yivat
Xgwm891-4B \Silis
o (bp) M Gy Al Al ;> ol sl
\ ) Y YY/AT
Y \ \fd ya/ve”
¥ Ve ¥ vy /st
¥ Y. va/ov”

(LSD=10.05) 15,155 (5ol o sixo coglis v b 5,05 S e Gy yoiw yo0 10 &5 lonSile 5L o ¢l

Sy Cae XgQWMBB8-4B Sl b vy Sy oy
0o s Slas o XgWm891-4B ,Slis b aliw (o dodiwe
XgwmB98-4B 5L L aliw > asly ola w5 5 4l
Syse oely; o by S lo bls)l ol ol (Sisn
Cho S o Jbd QTL sloliss jslain 4 48Me
o (VFAVYY) Crwl osds awyp LS 51 gyl 3o
O3S el dg g 4 Cdio g Sl G (bS] iz &S
sgmi pe Lyl (cw)p Bosb Sl Wl oo e
2> b @ Wy 45 3,5 Cjgo i 3)00 slaSle
ol 52 ogde g o3l il 1) sVl slaaslyy (slaassn
Lo g 550558 1) e o8, S Ml el 53 3590 e
sl oby ;o ol (poiam (FF) oled Jugus JBlas
plosl ©jgo Cho So polsl 2 s i (>Nl
e lulpd (35 e 5 9 Ban 4 dagi b g 005 o
Pl o3 adlyy Blaal ey o e S o
oo o 1lg e (talojl ool s S 5o 4 095
Bad o dagi b U oS L8 SalBa oyt 3 )l

J.ul.o.s ]) Ak odlasul Q] )‘1 re_\;f L?)'Lol Lngduol})g

2 Al axdin Sl che gly b SShe awlie
2o ) 5 Jlog 45 05 aseie XgWMB91-4B il
S g Attt a5 i bl (b cds
ol 5 00 Jsis) sl V0 I L (ol sine M3
Caw b Xgwm891-4B Silis bly)l 4 asgi L adllas
g A Ver s b b)) pas g ali s dorli sl
AL o Slae b lals g8 Gl ik car 2- ST )
25 Sl 08 5l i bS8 blie 55 ogay
Sgdie gpgy oS g (SdS sl dS b yg)k ol
SIS (02) oSan 5 SaoBls adlas )3 3905 oslizl
Sonb Olej 3 9 SLidl 03,5 5l iy olS &S Sloj 45 45
by 3,Shes nlS 355 solyo LS 5 Ki5 a5
039 0 s g KBl B baaodiw Suw py dle )b
S b slacasss (insS cplply 2l (oS Sias ab
3,8des s hals gilo Wlg5 o alins (> pudey o

D95 (69l lej o LS us**’ o blyd > pass
&5lg 0l0aloy (b, SOLis 5l el Cawddy gl 4y an g5 b
g dliw jd b dliw @by (5,0 Slao AB pgig05,S


http://dx.doi.org/10.29252/jcb.12.34.1
http://jcb.sanru.ac.ir/article-1-1053-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jch.12.34.1]

M WAR lasli /YF 0l [omlss Jlo /sy ol ool dnliiimgsy

&l

1. Borner, A., E. Schumann, A. Firste, H. Coster, B. Leithold, M. Réder and W. Weber. 2002.
Mapping of quantitative trait loci determining agronomic important characters in hexaploid
wheat (Triticum aestivum L.). Theoretical and Applied Genetics, 105(6-7): 921-936.

2. Botstein, D., R.L. White, M. Skolnick and R.W. Davis. 1980. Construction of a genetic
linkage map in man using restriction fragment length polymorphisms. American Journal of
Human Genetics, 32; 314-331.

3. Breseghello, F. and M.E. Sorrells. 2007. QTL analysis of kernel size and shape in two
hexaploid wheat mapping populations. Field crops research, 101(2): 172-179.

4. Caviglia, O.P., V.0. Sadras and F.H. Andrade. 2011. Yield and quality of wheat and soybean
in sole-and double-cropping. Agronomy Journal, 103(4): 1081-1089.

5. Cook, J.P., N.K. Blake, H.Y. Heo, J.M. Martin, D.K.Weaver and L.E. Talbert. 2017.
Phenotypic and haplotype diversity among tetraploid and hexaploid wheat accessions with
potentially novel insect resistance genes for wheat stem sawfly. The Plant Genome, 10(1).

6. Creste, S., A-T. Neto and A. Figueira. 2001. Detection of single sequence repeat
polymorphisms in denaturing polyacrylamide sequencing gels by silver staining. Plant
Molecular Biology Reporter, 19(4): 299-306.

7. Dakouri, A., B.D. McCallum and S. Cloutier. 2013. Haplotype diversity and evolutionary
history of the Lr34 locus of wheat. Molecular breeding, 33(3): 639-655.

8. Dasturani E. 2014. Study of haplotyping diversity for morphologic traits in bread wheat
(Triticum aestivum L.), Gorgan University of Agricultural Sciences and Natural Resources,
Golestan, Iran, 119 pp (In Persian).

9. Denci¢, S., R. Kastori, B. Kobiljski and B. Duggan. 2000. Evaluation of grain yield and its
components in wheat cultivars and landraces under near optimal and drought conditions.
Euphytica, 113(1): 43-52.

10.Doyle, J. and J. Doyle. 1987. Genomic plant DNA preparation from fresh tissue-CTAB
method. Phytochem Bulletin, 19(11): 11-15.

11.Evans, J. R. 1983. Nitrogen and photosynthesis in the flag leaf of wheat (Triticum aestivum
L.). Plant Physiology, 72(2): 297-302.

12.Fang, Q., L. Ma, Q. Yu, L. Ahuja, R.Malone and G. Hoogenboom. 2010. Irrigation strategies
to improve the water use efficiency of wheat—maize double cropping systems in North China
Plain. Agricultural Water Management, 97(8): 1165-1174.

13.Farooq, M., M. Hussain and K.H. Siddique. 2014. Drought stress in wheat during flowering
and grain-filling periods. Critical Reviews in Plant Sciences, 33(4): 331-349.

14.Ganeva, G., V. Korzun, S. Landjeva, N. Tsenov and M. Atanasova. 2005. ldentification,
distribution and effects on agronomic traits of the semi-dwarfing Rht alleles in Bulgarian
common wheat cultivars. Euphytica, 145(3): 305-315.

15.Gebhardt, C., A. Ballvora, B. Walkemeier, P. Oberhagemann and K. Schiler. 2004.
Assessing genetic potential in germplasm collections of crop plants by marker-trait
association: a case study for potatoes with quantitative variation of resistance to late blight
and maturity type. Molecular Breeding, 13(1): 93-102.

16.Guo, Y., J. Sun, G. Zhang, Y. Wang, F. Kong, Y. Zhao and S. Li. 2013. Haplotype,
molecular marker and phenotype effects associated with mineral nutrient and grain size traits
of TaGS1a in wheat. Field Crops Research, 154: 119-125.

17.Gupta, P., P. Langridge and R. Mir. 2010. Marker-assisted wheat breeding: present status
and future possibilities. Molecular Breeding, 26(2): 145-161.

18.Gupta, P.K. and R. Varshney. 2000. The development and use of microsatellite markers for
genetic analysis and plant breeding with emphasis on bread wheat. Euphytica, 113(3): 163-
185.

19.Jagadish, K.S., P.B. K Kishor, R.N. Bahuguna, N. von Wirén and N. Sreenivasulu. 2015.
Staying alive or going to die during terminal senescence—an enigma surrounding yield
stability. Frontiers in Plant Science, 6.

20.Kato, K., H. Miura and S. Sawada. 2000. Mapping QTLs controlling grain yield and its
components on chromosome 5A of wheat. Theoretical and Applied Genetics, 101(7): 1114-
1121.

21.Kulwal, P.L., R.R. Mir, S. Kumar and P.K. Gupta. 2010. QTL analysis and molecular
breeding for seed dormancy and pre-harvest sprouting tolerance in bread wheat. Journal of
Plant Biology, 37: 59-74.


http://dx.doi.org/10.29252/jcb.12.34.1
http://jcb.sanru.ac.ir/article-1-1053-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jch.12.34.1]

w b PS5 4B pgigensSy adly o)lgalos) slall Lo 5 (ubighle g5 alllas

22.Kumar, M., G.P. Mishra, R. Singh, J. Kumar, P.K. Naik and S.B. Singh. 2009.
Correspondence of ISSR and RAPD markers for comparative analysis of genetic diversity
among different apricot genotypes from cold arid deserts of Trans-Himalayas. Physiology
and Molecular Biology of Plants, 15(3): 225-236.

23.Kumar, N., P. Kulwal, H. Balyan and P. Gupta. 2007. QTL mapping for yield and vyield
contributing traits in two mapping populations of bread wheat. Molecular Breeding, 19(2):
163-177.

24.Lelley, T. and M. Stachel. 1998. Microsatellites can differentiate wheat varieties from
different agroecological areas and of different quality. In Proceedings of the 9th International
Wheat Genetics Symposium, University of Saskatchewan, Canada, pp: 123-125.

25.Manifesto, M.M., A.R. Schlatter, H.E. Hopp, E.Y. Suérez and J. Dubcovsky. 2001.
Quantitative evaluation of genetic diversity in wheat germplasm using molecular markers.
Crop Science, 41(3): 682-690.

26.McCartney, C., D. Somers, G. Fedak and W. Cao. 2004. Haplotype diversity at fusarium
head blight resistance QTLs in wheat. Theoretical and Applied Genetics, 109(2): 261-271.

27.Miah, G., M.Y. Rafii, M.R. Ismail, A.B. Puteh, H.A. Rahim, K.N. Islam and M.A. Latif.
2013. A review of microsatellite markers and their applications in rice breeding programs to
improve blast disease resistance. International Journal of Molecular Sciences, 14(11): 22499-
22528.

28.Mohammadi-Nejad, G., A. Arzani, A. Rezai, R. Singh and G. Gregorio. 2008. Assessment of
rice genotypes for salt tolerance using microsatellite markers associated with the saltol QTL.
African Journal of Biotechnology, 7(6): 730-736.

29.Moomaw, R., G. Lesoing and C. Francis. 1991. G91-1025 Two Crops in One Year:
Doublecropping. Historical Materials from University of Nebraska-Lincoln Extension, 730.
https://digitalcommons.unl.edu/extensionhist/730

30.Naroui Rad, M.R., M. Farzanju, H.R. Fanay, A.R. Arjmandy Nejad, A. Ghasemy and M.R.
Polshekane Pahlevan. 2006. The study genetic variation and factor analysis for
morphological characters of wheat native accessions of Sistan and Baluchistan. Pajouhesh
and Sazandegi, 73: 50-57 (In Persian).

31.Nave, M., R. Avni, B. Ben-Zvi, |. Hale and A. Distelfeld. 2016. QTLs for uniform grain
dimensions and germination selected during wheat domestication are co-located on
chromosome 4B. Theoretical and Applied Genetics, 129(7): 1303-1315.

32.Poehlman, J.M. 2013. Breeding field crops: Springer Science and Business Media, USA, 723

Pp.

33.Powell, W., M. Morgante, C. Andre, M. Hanafey, J. Vogel, S. Tingey and A. Rafalski. 1996.
The comparison of RFLP, RAPD, AFLP and SSR (microsatellite) markers for germplasm
analysis. Molecular Breeding, 2: 225-238.

34.Prevost, A. and M.J. Wilkinson 1999. A new system of comparing PCR primers applied to
ISSR fingerprinting of potato cultivars. Theoretic and Applied Genetics, 98: 107-112.

35.Ramya, P., A. Chaubal, K. Kulkarni, L. Gupta, N. Kadoo, H.S. Dhaliwal, P. Chhuneja, M.
Lagu and V. Gupt. 2010. QTL mapping of 1000-kernel weight, kernel length, and kernel
width in bread wheat (Triticum aestivum L.). Journal of Applied Genetics, 51(4): 421-429.

36.Rader, M.S., V. Korzun, K. Wendehake, J. Plaschke, M.H. Tixier, P. Leroy and M.W.
Ganal. 1998. A microsatellite map of wheat. Genetics, 149(4): 2007-2023.

37.Sardouie-Nasab, S., G. Mohammadi-Nejad and A. Zebarjadi. 2013. Haplotype analysis of
QTLs attributed to salinity tolerance in wheat (Triticum aestivum). Molecular Biology
Reports, 40(7): 4661-4671.

38.Sari, E., S. Berraies, R.E. Knox, A.K. Singh, Y. Ruan, R.D. Cuthbert and A.J. Burt. 2018.
High density genetic mapping of Fusarium head blight resistance QTL in tetraploid wheat.
Plos One, 13(10): e0204362.

39.Sharma, J.R. 2006. Statistical and biometrical techniques in plant breeding, New Age
International. Limited Publishers, New Delhi, India 432 pp.

40.Somers, D.J., P. Isaac and K. Edwards. 2004. A high-density microsatellite consensus map
for bread wheat (Triticum aestivum L.). Theoretical and Applied Genetics, 109(6): 1105-
1114,

41.Van Slageren, M. 1994. Wild Wheats: A Monograph of Aegilops L. and Amblypyrum (Jaub.
& Spach) Eig (Poaceae), Agricultural University Wageningen, Netherland, 512 pp.


http://dx.doi.org/10.29252/jcb.12.34.1
http://jcb.sanru.ac.ir/article-1-1053-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jch.12.34.1]

w WA (ylianls V¥ 0)led /om35ls3 Jlo /sely5 LS Mol doliimngsy

42.Wu, Q.H., Y. X. Chen, S.H. Zhou, L. Fu, J.J. Chen, Y. Xiao, D. Zhang, S.H. Ouyang, X.J.
Zhao, Y. Cui and D.Y. Zhang. 2015. High-density genetic linkage map construction and
QTL mapping of grain shape and size in the wheat population Yandal817x Beinong6. PloS
One, 10(2).

43.Wurschum, T. 2012. Mapping QTL for agronomic traits in breeding populations. Theoretical
and Applied Genetics, 125(2): 201-210.

44.Yang, Z., J. Gilbert and J.D. Procunier. 2006. Genetic diversity of resistance genes
controlling fusarium head blight with simple sequence repeat markers in thirty-six wheat
accessions from east asian origin. Euphytica, 148(3): 345-352.

45.Yao, J., L. Wang, L. Liu, C. Zhao and Y. Zheng. 2009. Association mapping of agronomic
traits on chromosome 2A of wheat. Genetica, 137(1): 67-75.

46.Yin, X., P. Stam, M.J. Kropff and A.H. Schapendonk. 2003. Crop modeling, QTL mapping,
and their complementary role in plant breeding. Agronomy Journal, 95(1): 90-98.

47.Yu, J.B., G.H. Bai, S.B. Cai and T. Ban. 2006. Marker-assisted characterization of Asian
wheat lines for resistance to Fusarium head blight. Theoretical and Applied Genetics, 113(2):
308-320.

48.Yu, L.X., S. Liu, J.A. Anderson, R.P. Singh, Y. Jin, J. Dubcovsky and Z. He. 2010. Haplotype
diversity of stem rust resistance loci in uncharacterized wheat lines. Molecular Breeding,
26(4): 667-680.

49.Zaynali Nezhad, K., W. Weber, M. Roder, S. Sharma, U. Lohwasser, R. Meyer and A.
Borner. 2012. QTL analysis for thousand-grain weight under terminal drought stress in bread
wheat (Triticum aestivum L.). Euphytica, 186(1): 127-138.


http://dx.doi.org/10.29252/jcb.12.34.1
http://jcb.sanru.ac.ir/article-1-1053-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jch.12.34.1]

Journal of Crop Breeding Vol. 12, No 34, SUmMmMEr 2020 .............ooiiieeieeiririeeeieieteiet et e e aeeneeneteeneeneeneeeneenenneneenennees 14

Study of Haplotype Variation and Association of Microsatellite Alleles on
Chromosome 4B of Bread Wheat with Some Agronomic Traits

Adeleh Abrit, Khalil Zaynali Nezhad?, Mehran Alami® and Saeed Bagherikia®

1- M.Sc. Graduated, Plant Breeding and Biotechnology Department, Gorgan University of Agricultural Sciences and
Natural Resources, Iran
2- Assistant Professor, Plant Breeding and Biotechnology Department, Gorgan University of Agricultural Sciences

and Natural Resources, Iran, (Corresponding author: khalil1381@yahoo.com)
3- Associate Professor, Food Science and Technology Department, Gorgan University of Agricultural Sciences and

Natural Resources, Iran
4- Assistant Professor, Crop and Horticultural Science Research Department, Golestan Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO),
Gorgan, Iran
Recived: May 21, 2019 Accepted: April 3, 2020

Abstract

The aim of this study was to determine the haplotype groups and their relationship with
phenotypic traits in order to obtain the alleles associated with desirable agronomic
characteristics in bread wheat. For this purpose, 34 local bread wheat genotypes belong to the
Middle East region along with Chinese Spring variety (reference genotype) were cultivated in
the form of augmented design and evaluated based on their 12 phenotypic traits. The results of
descriptive statistics showed that awn length and day to flowering had the highest and lowest
phenotypic coefficient of variation respectively. Ten microsatellite markers were used to
investigate the haplotype variation of QTLs associated with phenotypic traits located on wheat
chromosomes 4B. The mean of polymorphic alleles, polymorphic information content (PIC) and
resolving power (RP) were 4.5, 0.29 and 1.58, respectively. The genotypes were classified into
21 haplotype groups according to the allelic comparison with the reference genotype on
chromosome 4B. In order to investigate the relationship between traits and markers, analysis of
variance was performed on the basis of completely randomized design with unequal numbers of
replications for each marker. In general, of the 12 traits studied, there was a statistically
significant relationship for four traits. According to the results of microsatellite markers on
chromosome 4B, there was a linkage between grain width, number of grains per spike and flag
leaf width with Xgwm888-4B marker, number of spikelets per spike with Xgwm891-4B marker,
grain width and number of grains per spike with Xgwm898-4B marker. For the three phenotypic
traits, a specific allele was simultaneously introduced to Xgwm888-4B marker. If the breeders is
interested in genotype selection that simultaneously have three desirable characteristics such as
more grain width and more number of grain per spike, as well as increase of leaf area index
through flag leaf width, they can use an allele-specific (199 bp) of Xgwm888-4B marker.
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