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Mapping chromosome locations of two genes independently controlling stem
rust resistance in wheat (Triticum aestivum L.) using haplotype analysis and
genetic modeling
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Table 1. List of SSR markers with high correspondence of alleles between susceptible parent and bulks of susceptible lines, their chromosome locations and

modes of inheritance and comparison of alleles among 15 susceptible F» lines and susceptible parent to stem rust in wheat

;wbﬂl,gwb‘sh;ﬂYJTuu

31 I SSR sl Solis F1 sty oa b pslie i
LeSIL 85 & 20 2T Sl e e Conss Correspondence of alleles of susceptible homozygote ikl (sla Soles Olss!
Selected SSR markers based 235035 Modes of inheritance lines to susceptible jresistant and F1 hybrids oy Jlez| Sl3 gnn o Selection of promising

on bulked segregant analysis Chromosome of marker Se.b Het®? R? P-value Probability level marker
gpw7395 1A Dominant 14/15 1/15. NA - Selected
gwml35 1A Dominant 14/15 1/15. NA - Selected
wmc445 2B, 5A Dominant 12/15. 3/15. NA - Selected
gpw7506 2B Co-dominant 9/15. 4/15. 2/15. 0.007 ns Selected
cfd73 2B Co-dominant 15/15 0/15 0/15 1.00 ** Selected
barcl01 2B Co-dominant 14/15 1/15. 0/15 0.76 ** Selected
gwm388 2B Co-dominant 14/15 1/15. 0/15 0.76 *K Selected
barc129 2B, 2D Co-dominant 6/15. 7/15. 2/15. 0.0002 ns Selected
barc122 2D, 2A, 5A Dominant 12/15. 3/15. NA - Selected
barc159 2B, 2D Co-dominant 5/12. 5/12. 2/12. 0.0000 ns Deleted
cfa2076 3A Dominant 13/15. 2/15. NA - Selected
cfd035 3D Dominant 10/15. 5/15. NA - Deleted
wme219 4A Dominant 11/15. 4/15. NA - Deleted
wmc232 4A Co-dominant 3/15. 6/15. 6/15. 0.0000 ns Deleted
wmc313 4A Co-dominant 2/12. 8/12. 2/12. 0.0000 ns Deleted
gpw2083 4A Co-dominant 6/15. 8/15. 1/15. 0.0000 ns Deleted
gwm494 4A Co-dominant 2/15. 10/15. 3/15. 0.0000 ns Deleted
cfa2114 6A Dominant 11/15. 4/15. NA - Deleted
gpw3041 6A Dominant 15/15. 0/15 NA - Selected
gwm334 6A Co-dominant 15/15 0/15. 0/15 1.00 *K Selected

pslas S50 s 9 FI b o yon ol &0 5 san Wy sla PT L ol ol gale 5 s JT o5 54 R s Het (S @
S, Het, and R: SSR marker’s allele identical to those of susceptible, resistant and F1 hybrids, respectively
T S o 53 50355 805570 5 ol 41 sik03 8 b6 55k (sla SOLES sla PT blonks (gt 0 8 p5lie 5 08555 28 ¢ ol 03,8 o (o8 55 Olhalicn (sline 457 55l o5l pale 5 sl S5 (sl T (sl ®
wil o S 5s 8 5 ole 09,5 53 8 gl Slalive plal y Sl 53 0s &1
b Codominant SSR markers were scored based on observed alleles four susceptible, heterozygote and resistant genotypes. Dominant SSR markers could not be differentiated
into susceptible and heterozygote classes and therefore alleles ratios in table are shown for both susceptible and heterozygote genotypes

ey


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.4.7.9
https://agrobreedjournal.ir/article-1-823-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-30 ]

[ DOR: 20.1001.1.15625540.1396.19.4.7.9 ]

WA Oliae oF o)l ;ruj}}.u?ﬁ'{_;lxl ) ffl“‘l?“"

oS ol G PRCR PR U IS P pslie Fy sla ¥ 5 pslin iy o (MT glacod ol Szl a3 51 2deal ol gale s sl Sl anylio - Uy

Table 2. Comparison of correspondence of alleles in promising SSR markers between resistant parent and homozygote and heterozygote resistant F, lines to stem rust in wheat

O S sen polin Y MT ol 4735 o 53 pslie sbay ¥ MT Cals
Fi s ma U pslie s ¢ ol Wl5 4 Fi s jmn b pslie dlig ¢ uluom
Correspondence of alleles of resistant ,homozygote Correspondence of alleles of segregating resistant 05 g sla Sl Sl
SSR Kt 235035 lines to susceptible resistant and F, hybrids lines to susceptible, resistant and F, hybrids il Jlaz>| 1 gne el Selection of linked
SSR marker ~ Chromosome Sbe Hetb ¢ R® Sbe Hetb ¢ R® P-value level Probability markers to genes

gpw7395 1A 56/69 13/69 67/77 10/77. - - Deleted
gwml35 1A 48/69 21/69 59/77 18/77 - - Deleted
wmc445 2B, 5A 46/69 23/69 58/77 19/77 - - Deleted
2gpw7506 2B 12/68. 25/68 31/68 20/77 50/77 7/717. 0.15 *K Selected

cfd73 2B 13/69. 25/69 31/69 15/77 59/77 3/717. 0.11 *K Selected
barcl101 2B 12/69. 29/69 28/69 14/76 57/76 5/76. 0.04 * Selected
gwm388 2B 12/65. 27/65 26/65 17/73 50/73 6/73. 0.06 *K Selected
barc129 2B, 2D 10/67. 35/67 22/67. 19/71.  41/71 11/71. 0.01 * Selected
barc122 2D, 2A, 5A 49/69 20/69 56/77 21/77 - - Deleted
cfa2076 3A 52/69 17/69 56/77 21/77 - - Deleted
gpw3041 6A 21/69 48/69 77177 0/77 - - Selected
gwm334 6A 7/69. 18/69 44/69 19/77 55/77 3/717. 0.21 *K Selected

A5 el Puccinia graminis ¢ s MCCF 515 ) 550 glon Y F23 laosl gl (2:8T5 ol IRV TIEN polis slaY L O K gon polis F2 ¥ 5l
2 Differentiation between homozygous and heterozygote resistant F2 lines was based on reaction of Fa;3 families of those lines to Puccinia graminis race MCCF
r)u.ﬁ Q}i:)}a.h JJ')}FI JMJgnAQJL«’ Q}i:)}a.h JJ') 6LkJSTb4;LCw: B)'}AL&).:) GLAJSTQ.;;M ZR}Het ASb
®S, Het, and R: SSR marker’s allele identical to those of susceptible, resistant and Fi hybrids, respectively
2 s 53 s 1l (T (glats s 53 50355 D558 5 o 40 (seives 8 BB 55l sla SOLES (Gla T ot skt 05,5 sl 5 58055 28 ¢ olom 05,5 4w (o 555 Dlialie (sliom s 55bkan o505l 525 (sl S5L83 (sla JIT (slacos ©
Jd..‘itL.vdQ}i:j}f.&}uwhpa)f)}ﬁé'x}ﬁf&'.&kuﬁwlﬂ|
¢ Codominant SSR markers were scored based on observed alleles four susceptible, heterozygote and resistant genotypes. Dominant SSR markers could not be differentiated into susceptible
and heterozygote classes and therefore alleles ratios in table are shown for both susceptible and heterozygote genotypes
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Table 3. Chi-square test of goodness-of-fit between the observed and expected numbers of genotypes in

the hypothetical dihybrid model to stem rust in wheat

Szt 3 4o LS sl odd odalie OWLE sl S et (63 Sl ey
Number of expected plants Number of observed plants Dihybrid ratios Genotype
10.06 15 1 rrr'r!
10.06 11 1 RRR'R'
20.13 25 2 RRR'r'
20.13 13 2 RrRR'
10.06 7 1 rrR'R’
10.06 13 1 RRrY'
20.13 17 2 R’
40.25 45 4 RrR'
20.13 15 2 Rrr't!
1*=89.25 P value= 0.241
Q\)Li.uaj)ﬁkfj(Yaoetal.,1997)0\)&.@3}%‘ J@QS}J@))}_A);&L&QL{AJJ}_A)JQJJ
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Fig.1. Genetic linkage map of stem rusts resistance genes Srz-; (left) and Srr.» (right) on mapped on

chromosomes 2BL and 6AS of wheat line Tr129, respectively.

yee


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.4.7.9
https://agrobreedjournal.ir/article-1-823-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-30 ]

[ DOR: 20.1001.1.15625540.1396.19.4.7.9 ]

WA Oliae oF o)l gr»;)',s.u?«";;lﬁl =i p e alsea""

QTL 55 oo, Gl (2 dhls 4 25 ) oslaul
2 03 3 (5B NATLT 0 55T O 5o b Lo e
ot 158 5 (*’f 7B 53B slapsjses S
.(McNeil et al., 2009)

03 esSlbwddon 5 (U shle 4 o Sl eslinal L
odd odaliie Sla i 55 liaib b ol
Sl B (65 Camazr S5 3 a3l 55 40 (sla WS
S5 4 o6 g o eslial By, Sy edd el
3G S5 LAl 53 (o5 55 slaes S
BRRP W I 20 G BPTR R PUIN WA Pt |
S (55 el (e (S5 353 Sk 4
0l S J xS L3 L i gy (sls SO oS!
B T L e
5 el 3l S i g
D535 G F5L 05 a4 gy SO o 5eSes
S L L Lads sl sl Sy 5o 53 03, 046
sl Kol 5 05 o 5 5 sleKimml ST ez catan g
S NS (g aib 5 4l ol 35l ) slons a5
Comoz 53 (Jute HLETH 5550 b WIS 4 o5 55
O Lok 5,57 5 dlez! ol oo el dal 5 Sodomn
B8 l)ls Ao Cmmazr S 3L Ol 5 05
Lol Comaz JU o s Ll 5 s (S5 &5
St 108 g Sl gy S o e Sl
Slapjsmes S adS Jsb 5o 5 il wwils dob
ol gl aal (A EL sl b 03 28 oLE
osla il 54 dal i Ul Came 53 O Jome 385
Sl (S5 3l Jds 5 (2L shls 4 25
Sl 0l i8S J, 28 lalss Jome G55 2557
55 GCamer Lo 4 pend BB e ST
slag=¥ s oS 55 alls slaY Js )
Wl 5 sl ol

References

230l (e ol ol wal U sk (5900 S
MJEE'J))TJ_:L@J)cJ_&l_AQjJJwMB‘A
L;LAUAMMMGQL{Q}; (a..Lc« c.)._ib;'é
GLatd ags 55 OLSS B b Js Sgline o5 55
Lapses,S 635 03 Jaas 05 93 31 S5 » Jous
Q‘)&M}ﬁ)xﬁé).w\cuﬂiﬁo&\
S35 oilT ¢ s (Rafiei Boroujeni ef al., 2011)
Qj_g:@.ﬁ:_gf(ad\_;fr;)j‘ J&b—Fz C‘.:wdgi
Puccinia triticina g ;L8 84-1 355 4 Cw glae Jazee
Ol i3 S olalid |5 S (lo p3 K5 Jole
S5 a0 onslis Joale la0) & sl Olis JueSS
l_g .J.;_&Liu_aLr]7a 9Lrl Clidg 0 r.é) BE) 6“’}—@5
05 & ol S5 Slis Slulis 4 a5
Bl ol 5 eslizal b Oliises o) (RGA-567-5) Lr]
Wi gy sapr 05 Sl 457 s afS” ol w01
CA_:M.?-)J‘)LI’]7CI Qjé:bjww)cbw
s Lrl7a &5 &) 55 S 6,8 glyls a5 ekiledly
.uU.b; r..w)
S hle a2 Sleslewl Ly G ol 5o
Qj 93 Ls’l—f.dl_gn J_g‘ 4_l>-jn B c4_3_b_ C— e
bijrbu‘op&)m@jwowdﬁf
Je (S5 5lede 5F2 5131 Cabisbls 5 eslizul
2B 56A lapyssas,S S5y a05 o 55 3
Sl e Giod A o 3 Tr129 Y S
A 5ol 05 a ekd pLbl Koy 42 o 3
=5 s 0T 3 esliwl Ly L5 sl 03 9
Lo Jlas=l &yl 55 )y «(Gene postulation)
ol e b 5T iy L5l 5
S5y 50> a5 » 5 (degilops triuncialis)
MQ)}aéjﬁgul{u—ﬂ(‘l?Jdb'jiw

odlawl 3390 xbw

Agarwal, M., N. Shrivastava and H. Padh. 2008. Advances in molecular marker techniques and their


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.4.7.9
https://agrobreedjournal.ir/article-1-823-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-30 ]

[ DOR: 20.1001.1.15625540.1396.19.4.7.9 ]

oS ST Jits 0 53 (L OS "
applications in plant sciences. Plant Cell Rep. 27: 617-631.

Aung, T. and E. R. Kerber. 1994. Incorporation of leaf rust resistance from wild tetraploid into cultivated
hexaploid wheat. Ann. Wheat Newslet. 40: 83—84.

Doveri, S., D. Lee, M. Maheswaran and W. Powell. 2008. Molecular Markers: History, Features and
Applications. /n: C. Kole and A. G. Abbott (Eds.), Principles and Practices of Plant Genomics, 17-34. CRC
Press. Boca Raton. Florida. USA.

Ghazvini, H., C. W. Hiebert, J. Thomas and T. Fetch. 2012a. Development of a multiple bulked segregant
analysis (MBSA) method used to locate a new stem rust resistance gene (Sr54) in the winter wheat cultivar
Norin 40. Theor. Appl. Genet. 126: 443-449.

Ghazvini, H., C. W. Hiebert, T. Zegeye and T. Fetch. 2012b. Inheritance of stem rust resistance derived from
Aegilops triuncialis in wheat line Tr129. Can. J. Plant Sci. 92(6): 1037-1041.

Griffiths, A. J. F., J. H. Miller, D. T. Suzuki, R. C. Lewontin and W. M. Gelbart. 2000. An Introduction to
Genetic Analysis (7" Ed.). W. H. Freeman & Company. New York, USA.

Guo. R. X., D. F. Sun, Z. B. Tan, D. F. Rong and C. D. Li. 2006. Two recessive genes controlling
thermophotoperiod-sensitive male sterility in wheat. Theor. Appl. Genet. 112: 1271-1276.

Hiebert, C., J. Thomas and B. McCallum. 2005. Locating the broad-spectrum wheat leaf rust resistance gene
Lr52 (LrW) to chromosome 5B by a new cytogenetic method. Theor. Appl. Genet. 110: 1453—-1457.

Kosambi, D. D. 1944. The estimation of map distances from recombination values. Annals of Eugenics

12: 172-175.

Kumar, P., V. K. Gupta, A. K. Misra, D. R Modi and B. K. Pandey. 2009. Potential of molecular markers in
plant biotechnology. Plant Omics. 2(4): 141-162.

McNeil, M. D., D. Diepeveen, R. Wilson, 1. Barclay, R. McLean, B. Chalhoub and R. Appels. 2009.
Haplotype analyses in wheat for complex traits: tracking the chromosome 3B and 7B regions associated with
late maturity alpha amylase (LMA) in breeding programs. Crop Pasture Sci. 60: 463—471.

Miller, J. M. 2013. Whole-genome mapping: a new paradigm in strain-typing technology. J. Clin. Microbiol.
51(4): 1066—-1070.

Michelmore, R. W., I. Paran and R. V. Kesseli. 1991. Identification of markers linked to disease-resistance
genes by bulked segregant analysis: A rapid method to detect markers in specific genomic regions by using
segregating populations. Proc. Natl. Acad. Sci. U.S.A. 88: 9828-9832.

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. /n: Pogna, N. E., M. Romano, E. A. Pogna and G. Galerio
(Eds.). Proceedings of 10" International Wheat Genetics Symposium, September 1-6, 2003. Instituto
Sperimentale per la Cerealcoltura, Rome, Italy.

Peng, H. F., Z. F. Zhang, B. Wu, X. H. Chen, G. Q. Zhang, Z. M. Zhang, B. H. Wan and Y. P. Lu. 2008.

Y e


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.4.7.9
https://agrobreedjournal.ir/article-1-823-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-30 ]

[ DOR: 20.1001.1.15625540.1396.19.4.7.9 ]

WA Oliae oF o)l ;rn:j}}_\l?ﬁ'{_;ljil ) Ul“‘l?"’"

Molecular mapping of two reverse photoperiod-sensitive genic male sterility genes (rpms! and rpms?2) in rice
(Oryza sativa L.). Theor. Appl. Genet. 118: 77-83.

Rafiei Boroujeni, F., A. Arzani, F. Afshari and M. Torabi. 2011. Identification and inheritance of leaf rust
resistance genes in the wheat cultivar ‘Marvdasht’. Cereal Res. Commun. 39: 67-76.

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

Schuelke, M. 2000. An economic method for the fluorescent labeling of PCR fragments, a poor man’s approach
to genotyping for research and high-throughput diagnostics. Nat. Biotechnol. 18: 233-234.

Sears, E. R. 1944. Cytogenetic studies with polyploid species of wheat. II. Additional chromosomal aberrations
in Triticum vulgarce. Genetics, 29: 237-247.

Sears, E. R. 1966. Chromosome mapping with the aid of telocentrics, p.370-381. In: J. MacKey (Ed.). Proc. 2nd
International Wheat Genetic Symposium. Hereditas Supplementary. Vol. 2, August 18-24, 1963. Lund, Sweden.

Singh, M. P. 1967. Monosomic analysis in wheat. Heredity, 22: 591-596.

Somers, D. J., P. Isaac and K. Edwards. 2004. A high density microsatellite consensus map for bread wheat
(Triticum aestivum L.). Theor. Appl. Genet. 109: 1105-1114.

Sourdille, P., S. Singh, T. Cadalen, G. L. Brown-Guedira, G. Gay, L. Qi, B. S. Gill, P. Dufour, A.
Murigneux and M. Bernard. 2004. Microsatellite-based deletion bin system for the establishment of
genetic-physical map relationships in wheat (7riticum aestivum L.). Func. Integr. Genomics, 4: 12-25.

Sturtevant, A. H. 1913. The linear arrangement of six sex-linked factors in Drosophila, as shown by their mode
of association. J. Exp. Zoolog. 14: 43-59.

Wu, J. Y., J. Q. Ding, Y. X. Du, Y. B. Xu and X. C. Zhang. 2007. Genetic analysis and molecular mapping of
two dominant complementary genes determining resistance to sugarcane mosaic virus in maize. Euphytica,
156: 355-364.

Yao, F. Y., C. G. Xu, S. B. Yu, J. X. Li, Y. J. Gao, X. H. Li and Q. Zhang. 1997. Mapping and genetic
analysis of two fertility restorer loci in the wild-abortive cytoplasmic male sterility system of rice
(Oryza sativa L.). Euphytica, 98: 183-187.

Yue, B., B. A. Vick, W. Yuan and J. Hu. 2008. Mapping one of the 2 genes controlling lemon ray flower color

in sunflower (Helianthus annuus L.). J. Heredity, 99: 564-567.

Yev


https://dor.isc.ac/dor/20.1001.1.15625540.1396.19.4.7.9
https://agrobreedjournal.ir/article-1-823-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-30 ]

[ DOR: 20.1001.1.15625540.1396.19.4.7.9 ]

“...a&fdff&zw f.)j s &LL;J&‘ "
Mapping chromosome locations of two genes independently controlling stem
rust resistance in wheat (Triticum aestivum L.) using haplotype analysis and

genetic modeling

Ghazvini, H.

ABSTRACT

Ghazvini, H. 2018. Mapping chromosome locations of two genes independently controlling stem rust resistance in wheat
(Triticum aestivum L.) using haplotype analysis and genetic modeling. Iranian Journal of Crop Sciences. 19(4): 334-348.

(In Persian).

In spite of various methods which have been developed to identify and map quantitative trait loci (QTL) on
genomes, mapping chromosome locations of two independent genes simultaneously controlling a qualitative trait
in a genetic population have not been reported. In this study, F» population derived from a cross between RL6071
(susceptible) and Tr129 (resistant) was inoculated with spores of Puccinia graminis Pers. causal agents of stem
rust in wheat and population was classified into resistance and susceptible groups. Phenotypic assessment of F,
and F»3 populations showed that there was a 15:1 segregation ratio for stem rust resistance indicating presence of
two dominant resistance genes independently controlling this trait. Four hundred twenty two SSR markers which
had a good coverage for all 21 chromosomes of wheat were used to evaluate the correspondences of alleles
between bulked DNA from susceptible lines with those of both parents. Markers, showing good correspondence
of alleles between bulked susceptible lines with susceptible parent, were used to compare alleles of susceptible
parent RL6071 with those of 161 F, progenies. Using segregation of alleles for SSR markers in F» population
and genetic modeling, the presence of two dominant resistance genes independently controlling rust resistance in
Tr129 was confirmed. Based on genetic analysis of data and haplotype analysis of linked markers to each gene,

the stem rust resistance genes in line Tr129 were mapped on chromosomes 6A and 2B of line Tr129.

Key words: Haplotype analysis, Genetic modeling, Stem rust of wheat, SSR markers and Genetic maps
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