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Table 1. List and characteristics of studied barley genotypes

sbiie/ b digod 0,led 9 sliio/ s
oyl YYvYys AY olyl
o YYYVY AY oy
o YYYAY Ad ol
ol YYEVY A ol
oyl YYEVY AY ol
oyl YYFAY M oyl

REARY YYooY A ol
oy YYOAA a- oyl
oy YYS¥S S\ oyl
oyl YYS¥S ay ol
oyl YYSA- ay 85l
oyl YYSA- a¥ AR
oyl YYEAS 0 bl
ol YYv-¥ a5 ol
ol YYVEE ay ol
oyl YYVEY A ol

bt CWB117-77-9-7/3ITOKA aa olyl

oolust Tokak/Demir-2 Voo o

ool Zarjau/80-5151//DZ-40- Vo) ol

bl AZE-Lerik-ICB-123363/ VoY oly

ool CWB117-5-9-5/CWB1 yey ol

oelst Ste/Antares//Y EA762- \of oyl

oot Alpha/Gumhuriyet//Sonja VO oyl
ol Sl V.5 ol
oyl g Vev oyl
ol Sl VA ol
15, Dayton/Ranney VoA olyl
13, Yeal168 1Y oyl
[ S laily WY ol
&Sy Obruk-86 WY olyl

ool ool WY oy
Sy Sl WY olyl
A9, 5550 Mo ol
Awg) Jseal, \\lg oy

gy L 293 % oyl

ool ool VA oy

ool ool 1N oy

ol ChiC/An57//Albert W ol

oolsl Pamir-65/Pamir-15 W ol

o
ol

Hged oyl g sbisalpl dgaiojled  Cuisi
YY¥aA Y LS YAFYY \
YY¥aA £y oS YIFYY Y
YYo- - ¥ il YVFYS ¥
YYoy- 0 il YFYS ¥
Yyavy \id S5 5ol YAFAY o
yyave £y 4o, yior. 5
YYOvY ¥A 4o, Yhay- v
YYovY A5 Ll! YVOYA A
YYOYD - Ll YVOYA A
YYofs o) yao Yhaov \.
YY00. av yao vhavs N
YYoov oy e YA$-A s
YYoay of yao Y\sav Y
YYosy a0 Obgin YASSY i
YYoss o8 sl YAY-¥ 0
YYoss av s Y\Aa- Y
Yyoss oA oSy YAAYA W%
Yyoss o o YAAYA A
YYOFA Iz o AANN )4
YYOAN £ o YYYas Y-
YYOAY £Y o YYYas Y\
YYOAY Y o YYYao Y
Yys.y ¥ o YYYYY vy
zal £0 o yYYYY ¥
\itard 23 o YYYYY Yo
YYSEY % o yYYYY 12
YYS¥R ) o YYYSA v
YY£o. £ o YYYSA YA
yysay V- o YYYSA Ya
YYSan vy o YYYEA Y-
\Atzat vy o YYf.s !
YYEE0 vy o YY¥.s Y
YYsss i o (ARARN v
YYSSA o o (AAARN A
YYSVY Vs o YYTa Yo
YYSYY vy oyl YYfss Atz
YYSVE YA oyl YYEVY Y
YYSVO va oy YY¥A- YA
YYSAY A oy YY¥A- 4
YYFA A oy YYFAA ¥
YYv.y AY oyl yY¥ay )

bglas Jolsd b canlio o 1 ooliiwl b 30l )5 (8 pns
2y pi ) Syl FF Ges > pe ile Ve
A0S (5

doe SB lesd 5 (b glaaps 4 g L

SB sl glise (V Jgis) Liulesl il Joxe 55 oKy
Srae il gyl g o)li ol Gl Gl g
<5 09l gaie 51 (NBO) oliasl 13 oy 6355 Jgor8 ool
(A) 35 0y S o yguny Loy 5 Ay g 0l 4 ol N4O


http://dx.doi.org/10.29252/jcb.11.30.58
http://jcb.sanru.ac.ir/article-1-977-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-23 ]

[ DOI: 10.29252/jch.11.30.58 ]

£\ WA sl /¥ o)l el Jlo /ssl; LS ool dnliiagsy

2255yl ) SB olend—oS$ 58 Slasuie =) oo
Table 2. Physico-chemical properties of soil in this study
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Table 3. Specifications of SSR markers used to prepare a genetic map
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Table 4. Components used in PCR for microsatellite decomposition
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Table5. Analysis of variance of genotypes for the traits of zinc concentration (Zn) in plant and seed
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Table 6. Minimum, Maximum, and Average Traits in Genotypes (Intra-Parent Number Line Lines)
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Figure 1. Phenotypic Distribution of Zinc Content and Zinc Content in Seeds in 121 Genotypes of Barley
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Table 7. Identified QTLs for the traits of concentration and content of Zn element in barley seed by compound

spacing method
GLM e s
R? marker R?model  -log10 adjusted P S o
AN Y ¥ SH GBM1293
-IYa < I¥0 ¥ 2H BMAGO720
Iy LYY ¥ 3H GMSL16 (Suis osle p)S5kS )3 p 35 o) ) sy ke
N N ¥ GBM1552
Iy Y ¥ H HVBAMY
< Jv¥ o Y 3H GMS116
BMAGO720
-IYY Ve Yy 2H
-I7 Y Vs ™ HVBAMY (p,55hS 5 p5 e) s ) c9ne
- e Vs HVMSL
A N Vs 4H
GBM1552

Sox sk b plaasy Bl LGl g9y Slge g
28l Cwnd lin gy Glge b LS 4 g
355 3l odlatwl g9y b 39S b (Bl jo ke oligS
g algs olS slajls i ) LIS g mpw (089 «s)
Sl ol g bl ool S a plios coa all
g o LI slacas] ) eslatl (5gy 39008 sl
355 38 oS oS3 plyisds Mlgie g9y ) odlizal
S Sop CwQTL Lol b 3gd a8 S b ) o)
Ghedgus > Hh )3 gy Glgme o clald Slas (gl
ol glr 55 badd > Jige sla SOl 5 eali]
sly olyice Jewilly cpl 5l & am 0 (L5 ) Slao S
$ Soop okl 3 (MAS) [Silis SeS & b
Lol 5 92 sladss (5] dgme lp el slaasli

58 oot oy (S,

LY 5V slapises,S 59y 3 o)lnless) LS iy
P &S Wb ol b pxe byl )3 45 g5y slaime cuin
Oy Iy Céwo wl ieid ul)*:.u 5l xep YF E9oo
35 sl (Siaran 3929 & 4295 bV Jgia) K392 3
>l cpl vexg ;(YVJ’W) sy ol clale b gy (sloie
Al o argi 9 Sy S8 Sl ol sl S ide g
L GMSLI6 osaloy, olSols doSilis ol o
@ ol i «s9y paie sy Cho 59y p8U oy pid
S byl cov Jw g e piin 0 ol adllas
.(\\“) 39y 045 L;»L»Lu»
o) (S5 E95 2929 34855l s 4o ok
P S Slyome g clale Slas (ly o> lacais) om
Al (js O Cute (Siwsed 3939 Cleay b (LS 1y 4

bo

Agricultural Statistics. 2017. Deputy Minister of Planning and Economics of Ministry of Agriculture,
Volume 1, (Crop and Gardening).

Bradbury, P.J., Z. Zhang, D.E. Kroon, T.M. Casstevens, Y. Ramdoss and E.S. Buckler. 2007.
TASSEL : software for association mapping of complex traits in diverse samples. Bioinformatics, 23:
2633-2635.

Cakmak, 1. 2000. Possible roles of zinc in protecting plant cells from damage by reactive oxygen
species. The New Phytologist 146: 185-205.

Cakmak, I. and H. Marschner. 1988. Enhanced superoxide radical production in roots of zinc-deficient
plants. Journal of Experimental Botany 39: 1449-1460.

Cakmak, 1., R. Graham and R.M. Welch. 2002. Agricultural and molecular genetic approaches to
improving nutrition and preventing micronutrient malnutrition globaly, in: 1. Cakmak and R. M.
Welch, (eds.) Encyclopedia of Life Support Systems, 1075-1099. Eolss Publishers, Oxford, 1075-
1099 pp.

Chen, W.R., Z.L. He, X.E. Yang and Y. Feng. 2009. Zinc Efficiency is correlated with Root
Morphology, Ultrastructure, and Antioxidative Enzymes in Rice. Journal of Plant Nutrition, 32: 287-
305.

Erkan, H., S. Cedlik, B. Bilgi and H. Koksel. 2006. A new approach for the utilization of barley in food
products. Barley tarhana. Food Chemistry, 97: 12-18.

Feizias, W. and Gh. Valizadeh. 2003. Effect of time and nitrogen consumption on wheat crop
performance. Journal of Soil and Water, 17(1): 29-38.


http://dx.doi.org/10.29252/jcb.11.30.58
http://jcb.sanru.ac.ir/article-1-977-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-23 ]

[ DOI: 10.29252/jch.11.30.58 ]

50 WA Gl ¥ o)l /easjl Jlo /sslyi ool oMol asliings

9. Food and Agriculture Organization of the United States. FAOSTAT [Internet]. 2018 [cited 2018
October 3]. Available from: http://www.fao.org/faostat/en/#data/ QC/visualize

10.Graham, R.D. and R.M. Welch. 1996. Breeding for staple-food crops with high micronutrient density
Working Papers on Agricultural Strategies for Micronutrients, No. 3. International Food Policy
Research Ingtitute, Washington, D.C.

11.Guzman-Maldonado, SH., O. Martinez, JA. Scosta-Gallegos, F. Guevara-Lara and O. Paredes
Lopez. 2003. Putative quantitative trait loci for physical and chemical components of common bean.
Crop Sciense, 43: 1029-1035.

12.Hatami-Maleki, H., N. Abdi, R. Darvishzadeh and M. Jafari. 2017. Mapping QTLs Controlling
Drought Tolerance Indices in Sunflower (Helianthus annus L.). jcb, 8(20): 235-228.

13.Lakew, B., R.J. Henry, S. Ceccarelli, S. Grando, J. Eglinton and M. Baum. 2013. Genetic analysis and
phenotypic associations for drought tolerance in Hordeum spontaneum introgression lines using SSR
and SNP markers. Euphytica, 189: 9-29.

14.Li, JZ., T.G. Sjakste, M.S. Roder and M.W. Ganal. 2003. Development and genetic mapping of 127
new microsatellite markersin barley. Theoretical and Applied Genetics, 107: 1021-1027.

15.Liy, J, J. Yang, R. Li, L. Shi, Ch. Zhang, Y. Long, F. Xu and J. Meng. 2009. Analysis of genetic
factors that control shoot mineral concentration in rapeseed (Brassica napus) in different boron
environments.Plant and Soil, 320: 255-266.

16.Liu, ZW., R.M. Biyashev and M.A. Saghai Maroof. 1996. Development of simple sequence repeat
DNA markers and their integration into a barley linkage map. Theoretical and Applied Genetics, 93:
869-876.

17.Lorieux, M. 2012. MapDisto: fast and efficiency computation of genetic linkage map Mol. Breed, 30:
1231-1235.

18.Majd, A.N., M. Fazel and S. Lak. 2015. The effect of foliar application of zinc (Zn) on yield and yield
components of irrigated wheat cultivarsin Ahvaz weather conditions. Int J Biosci, 6(3): 370-377.

19.Marschner, H. 1998. Role of root growth, arbuscular mycorrhiza, and root exudates for the efficiency
in nutrient acquisition. Field Crops Research, 56: 203-207.

20.Martinez, M., M. Matilva, J. delas M. Hazas, C.L. Romero, M.P.K.Vaculova and I.A. Ludwig. 2018.
Phytochemical composition and 3-glucan content of barley genotypes from two different geographic
origins for human health food production. Food chem, 245: 61-70.

21.Mikotajczak, K., P. Ogrodowicz, K. Gudys, K. Krystkowiak, A. Sawikowska, W. Frohmberg, A.
Gorny, A. Kedziora, J. Jankowiak and D. Jozefczyk. 2016: Quantitative trait loci for yield and yield-
related traitsin spring barley populations derived from crosses between European and Syrian cultivars.
PL0OS One 11, e0155938. doi:10.1371/journal .pone.0155938.

22.Peleg, Z., 1. Cakmak and I. Ozturk. 2009. Quantitative trait loci conferring grain mineral nutrient
concentration in durum wheat x wild emmer wheat RIL Population . Theoretical and Applied
Genetics, 119: 353-369.

23.Ramsay, L., M. Macaulay, D.S. Ivanissevich, K. MacLean, L. Cardle, J. Fuller, K.J. Edwards, S.
Tuvesson, M. Morgante, A. Massari, E. Maestri, N. Marmiroli, T. Sjakste, M. Ganal, W. Powell and
R. Waugh. 2000. A simple sequence repeat-based linkage map of barley. Genetics, 156: 1997-2005.

24.Ramsay, L., J. Russell, M. Macaulay, A. Booth, W.T.B. Thomas and R. Waugh. 2004. Variation
shown by molecular markers in barley: Genomic and genetic constraints. Aspects of Applied Biology,
72: 147-154.

25.Rallins, JA., B. Drosse, M.A. Mulki, S. Grando, M. Baum, M. Singh, S. Ceccarelli and M. von Korff,
2013. Variation at the vernalisation genes Vrn-H1 and Vrn-H2 determines growth and yield stability
in barley (Hordeum vulgare) grown under dryland conditions in Syria. Theoretical and Applied
Genetics, 126: 2803-2824.

26.Rostoks, N., S. Mudie, L. Cardle, J. Russell, L. Ramsay, A. Booth, J.T. Svensson, S.I. Wanamaker, H.
Walia, E.M. Rodriguez, P.E. Hedley, H. Liu, J. Morris, T.J. Close, D.F. Marshall and R. Waugh,
2005. Genome-wide SNP discovery and linkage analysis in barley based on genes responsive to
abiotic stress. Molecular Genetics and Genomics, 274: 515-527.

27.Sadeghzadeh, B. 2013. A review of zinc nutrition and plant breeding. Journa of Soil Science and
Plant Nutrition, 13: 905-927.

28.Sadeghzadeh, B. and G. Valizadeh. 2016. Soil-zinc application alleviates drought stress to improve
bread and durum wheat production under cold rainfed conditions 15" International Cereal and Bread
Congress, 18-21 Apr. 2016, Istanbul, Turkey, 241.

29. Sadeghzadeh, B., N. Sadeghzadeh and E. Sepehr. 2016. Barley genotypes differing in zinc efficiency
when grown in various soil types. International Journal of Plant & Soil Science, 12: 1-13.

30. Sadeghzadeh, B., Z. Rengel and C. Li. 2008. Mapping of chromosome regions associated with seed
Zn accumulation in barley, PhD Thesis, The University of Western Australia, Perth.

31. Sadeghzadeh, B., Z. Rengel and C. Li. 2009. Differential zinc efficiency of barley genotypes grown in
soil and chelator-buffered nutrient solution. Journal of Plant Nutrition, 32: 1744 - 1767.

32.Sadeghzadeh, B., Z. Rengel and C. Li. 2015. Quantitative Trait Loci (QTL) of Seed Zn Accumulation
in Barley Population Clipper X Sahara. Journal of Plant Nutrition, 38: 1672-1684.


http://dx.doi.org/10.29252/jcb.11.30.58
http://jcb.sanru.ac.ir/article-1-977-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-23 ]

[ DOI: 10.29252/jch.11.30.58 ]

B8 st s SRR R R R R AR AR S SR bee ebeee 9y pais dlgize g clale (iuli8l ) See QTL Jlulis

33. Sadeghzadeh, B., Z. Rengel, C. Li and H. Yang, 2010. Molecular marker linked to a chromosome
region regulating seed Zn accumulation in barley. Molecular Breeding, 25: 167-177.

34.Saghai, M., A. Maroof, K. Soliman, R.A. Tprgensen, RW. Allard. 1984. Ribosomal DNA Spacer
Lenth polymorphism in barley: Mendelian inheritance, chromosomal loCation and population
dynamics. Proc .Natl. ACad. Sci. USA. 81: 8014-8018.

35. Struss, P. and J. Plieske. 1998. The use of microsatellite markers for detection of genetic diversity in
barley populations. Theoretical and Applied Genetics, 97: 308-315.

36.Sun, C., Y. Fu, L. Tan, A. Luisa and Garcia-Oliveira. 2009. Genetic identification of quantitative trait
loci for contents of mineral nutrientsin rice grain. Plant Biology, 51: 84-92.

37.Thiel, T., W. Michaek, R.K. Varshney and A. Graner. 2003. Exploiting EST databases for the
development of cDNA derived microsatellite markersin barley (Hordeum vulgare L.). Theoretical and
Applied Genetics, 106: 411-422.

38.Trimigno, A., B. Khakimov, J.L.C. Mgjia, M.S. Mikkelsen, M. Kristensen, B.M. Jespersen and S.B.
Engelsen. 2017. Identification of weak and gender specific effects in a short 3 weeks intervention
study using barley and oat mixed linkage B-glucan dietary supplements. a human fecal metabolome
study by GC-MS. Metabolomics, 13(10): 108.

39.Van Ooijen, JW. 2006. JoinMap4, Software for the calculation of genetic linkage map in
experimental populations. KyazmaB.V ., Wageningen, Netherlands.

40.Varshney, R.K., I. Grosse, U. Hauhnel, R. Siefken, M. Prasad, N. Stein, P. Langridge, L. Altschmied,
and A. Graner. 2006. Genetic mapping and BAC assignment of EST-derived SSR markers proves
non-uniform distribution of genes in the barley genome. Theoretical and Applied Genetics, 113: 239-
250.

41.Wang, M., N. Jiang, T. Jia, L. Leach, J. Cockram, R. Waugh, L. Ramsay, B. Thomas and Z. Luo.
2012. Genome-wide association mapping of agronomic and morphologic traits in highly structured
populations of barley cultivars Theor. Appl. Genet, 124: 233-246.

42.Wenzl, P., H. Li, J. Carling, M. Zhou, H. Raman, E. Paul, P. Hearnden, C. Maier, L. Xiaand V. Caig.
2006. A high-density consensus map of barley linking DArT markersto SSR, RFLP and STS loci and
agricultural traits. BMC Genom, 7 pp.

43.Yu, JM., G. Pressoir, W.H. Briggs, 1.V. Bi, M. Yamasaki, J.F. Doebley, M.D. McMullen, B.S. Gaut,
D.M. Nielsen and J.B. Holland. 2006. A unified mixed-model method for association mapping that
accounts for multiple levels of relatedness. Nat. Genet, 38: 203-208.

44.74di, H., O. Sofalian, M. Zeinalabedini, T. hasanloo, A. asgharii and B. Alizadeh. 2018. Assessment of
Variability and Genetic Structure of Canola cultivars and Lines using SSR Markers Related on
Drought Tolerance QTLs, 10(26): 65-75.


http://dx.doi.org/10.29252/jcb.11.30.58
http://jcb.sanru.ac.ir/article-1-977-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-23 ]

[ DOI: 10.29252/jch.11.30.58 ]

Journal of Crop Breeding Vol. 11, NO 30, SUMIMET 2019 .......ouiuuiuie i eee et ettt e e e e e ee e et et e e e rean s 67

QTL Mapping for Higher Seed Zn Concentration and Content in Baley
using SSR Markers

Mehdi Feizi', Mahmood Solouki?, Behzad Sadeghzadeh®, Bar atali Fakheri* and
Seyed Abolghasem M ohammadi®

1- Ph.D. Student of Plant Breeding, Department of Plant Breeding and Biotechnology, University of Zabol, Zabol,
Iran
2- Associate Professor of Department of Plant Breeding and Biotechnology, Faculty of Agriculture, University of
Zabol, Zabol, Iran, (Corresponding Author: mahmood.sol ouki @gmail.com)
3- Associate Professor of Dryland Agricultural Research Institute (DARI), Agricultural Research, Education and
Extension Organization (AREEO), Maragheh, Iran
4- Professor of Department of Plant Breeding and Biotechnology, Faculty of Agriculture, University of Zabol, Zabol,

Iran
5- Professor of Department of Plant Breeding and Biotechnology, Faculty of Agriculture, University of Tabriz,
Tabriz, Iran
Received: Jun 10, 2018 Accepted: November 10, 2018
Abstract

There is a little information regarding the chromosomal regions conferring seed zinc
accumulation in barley. With the aim of QTL mapping of Zn concentration and content, 121
barley genotypes (including local landraces, released cultivars, gene bank germplasm) were
screened under field conditions. The trial was conducted in square latice in 2015-2017 cropping
seasons a dryland agricultura research institute (DARI) in Maragheh. To construct genetic
linkage map, 149 SSR markers were applied. Based on ANOVA, there was a great genotypic
variation for seed Zn concentration and content among the genotypes, which approves the
excessive diversity of genotypes. Five QTLs located on 2H, 3H, 4H and 5H were associated
with seed Zn concentration, and could explain 81% of tota phenotypic variation. Marker
BMAGO0720 had the highest (25%) phenotypic variation. This marker could also explain 23% of
total variation for seed Zn content. Moreover, 5 genomic regions on 2H, 3H and and 4H were
associated with seed Zn content. In conclusion, the identification of these major QTLs would
provide an important starting point for marker assisted selection (MAS) that may contribute to
the improvement of barley productivity and nutritional quality.

Keywords. Barley Genotypes, Molecular Markers, QTL Regions, Zinc Uptake and
Accumulation Efficiency
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