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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
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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.
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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

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.
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