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Identification of the QTLs of resistance to barley powdery mildew using
F; families derived from the cross Badia and Kavir barley cultivars

S. Bakhtiari', H. Sabouri?, M. Mollashahi®, and H. Hosseini Moghaddam?®

(Received: 4.4.2018; Accepted: 25.4.2019)

Abstract

Barley is one of the most important cereals in the world after corn, wheat and rice. Powdery mildew is one of
the important fungal parasites of the plants which cover their above ground parts with the formation of a
white fungal vegetative organs causing yellowing, drying and reducing the quantitative and qualitative traits
of the field crops, fruit trees and ornamental plants. In order to locating the powdery mildew resistance QTLs
in the F; generation derived from the cross Badia and Kavir cultivars, a population consisted of 104 families
was cultivated in 2017 at Gonbad-e-Kavos University. To provide a genetic map, several groups of markers
including of 28 SSR, 9 ISSR, 3 IRAP and 5 iPBS (93 alleles) that were related to barley chromosomes used.
Genetic maps were covered 617.5 cM and the mean gap between flanking markers was 5.41 ¢cM. Four QTLs
were detected on chromosomes 3, 4 and 6 to powdery mildew resistance. The results of this study led to a
new QTL trace for the desired trait. The QTL qSPM-4b with LOD=3.26 that was between the two ISSR13-1
and ISSR16-4 markers, controlled 13/.6 of the phenotypic variations of the respective attribute with an
incremental decrease of 0.12. The QTLs detected could be used in breeding programs to increase the
resistant sources against the disease and to increase the yield of the new produced cultivars. The results of
the current research can be used in breeding programs after determining the validity of markers.
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Figure 1. Appearance of symptoms on the leaves
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Table 3. Materials for amplification of SSR marker
using PCR
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Table 1. Materials for amplification of ISSR marker
using PCR

Components of the reaction =~ Concentration Amount Components Concentration ~ Amount
(ul) (ul)
Buffer PCR10X 1X 1 Buffer PCR10X 1X 1
MgCl, 50 mM 0.48 MgCI2 50 mM 0.48
Dntp 10 mM 0.6 dNTP 10 pl 0.6
Taq DNA Polymerase Enzyme 0.12 Taq DNA  Polymerase 012
Forward primer 60 ng 0.75 Enzyme ’
Reverse primer 60 ng 0.75 Primer 60 ng 1.5
Diluted DNA 0.75-0.5ng 2.5 DNA diluted 0.75-0.5 ng 2.5 ul
H,0 3.8 H20 3.8ul
The final content 10 the Final content 10 pl

SSR Lol 5 sl 50 el —8 o

Table 4. Touchdown Thermal
amplification of SSR Markers

Program for

Time (minute) Temperature Step
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1 5' 94 Primary denaturing
18 1 94 Denaturing
{ 30" 64 Annealing
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I 94 Annealing
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1 5' 72 Final duplication
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Table 2. Touchdown Thermal Program for
amplification of the ISSR Markers
Number Time Temperature Step
of cycles ~ (minute) ©)
&(second)

1 5 95 Primary denaturing
10 45" 95 Denaturing

45" - Annealing

45" 72 Synthesis
25 45" 95 Denaturing

45" - Annealing

45" 72 Synthesis
1 5' 72 Final duplication
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Table 5. The SSR markers used for providing of linkage map

Marker Chromosome Reverse sequence Forward sequence/

HVM20 1 CTCCACGAATCTCTGCACAA/CACCGCCTCCTCTTTCAC
Bmag0782 1 ATGTACCATTACGCATCCA/GAAATGTAGAGATGGCACTTG

Bmac0032 1 CCATCAAAGTCCGGCTAG/ GTCGGGCCTCATACTGAC

Bmag0718 1 ATCGTGACATCTCAAGAACA/CCTGATACTGCCTAGCATTAG

HVM36 2 TCCAGCCGAACAATTTCTTG/AGTACTCCCACACCACGTCC
GBM1462 2 CTGTGGCTAAAGAAGGCACC/ AAGATTGCTGCAGGATAGGC
GBMSI160 2 ATCCAGTGGCCTTTGTATGG/TCAGCTCCTCTCTCTTCATGTG

GBMS247 2 ACACCACATTCATCTTCCTTCA/ CATTGCTCTGCTTCCTGTCA

HVM27 3 GGTCGGTTCCCGGTAGTG/TCCTGATCCAGAGCCACC

Bmag0603 3 ATACCATGATACATCACATCG/GGGGGTATGTACGACTAACTA
Bmag0225 3 AACACACCAAAAATATTACATCA/CGAGTAGTTCCCATGTGAC
Bmag0013 3 AAGGGGAATCAAAATGGGAG/TCGAATAGGTCTCCGAAGAAA
HVM67 4 GTCGGGCTCCATTGCTCT/CCGGTACCCAGTGACGAC

Cit7 4 GCAGCCAAGACCTTGAGAAAGC/ GCCTGAACTAGCCCGAGAAATG
EBmac0906 4 CAAATCAATCAAGAGGCC/TTTGAAGTGAGACATTTCCA
HVM40 4 CGATTCCCCTTTTCCCAC/ATTCTCCGCCGTCCACTC

HVM30 5 AGTGGGGAATGAGAGAATGG/TGCTTGTGGGGCATCACAC
GMS001 5 CTGACCCTTTGCTTAACATGC/TCAGCGTGACAAACAATAAAGG
EBmac0684 5 TTCCGTTGAGCTTTCATACAC/ATTGAATCCCAACAGACACAA
Bmag0113 5 GGAATCTTCTGGAACGTC/TTAAGAAGATCATTGTATTGAAGA
HVMG65 6 AGACATCCAAAAAATGAACCA/TGGTAACTTGTCCCCCAAAG
Bmac310 6 CTACCTCTGAGATATCATGCC/ATCTAGTGTGTGTTGCTTCCT
Bmac0040 6 AGCCCGATCAGATTTACG/TTCTCCCTTTGGTCCTTG

GBMSO0083 6 ACACTATACACATATAT/GAATCCCAACAGACACA

HVM4 7 AGAGCAACTACCAGTCCAATGGCA/GTCGAAGGAGAAGCGGCCCTGGTA
GBMSO0111 7 ATATTTATGAAACGGTGTTCG/ GGGTTTATCCTCTGCAGG
Bmag0135 7 ACGAAAGAGTTACAACGGATA/GTTTACCACAGATCTACAGGTG
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Table 7. The analysis of the variance of the attributes
studied on the F, families from the confluence of the
Badia and Kavir digits in a powdery mildew disease.

Mean of Square Df  Source of Variation
powdery mildew disease

0.01484™ 6 Block

0.06118° 106 Cultivar

0.06399° 99  Treatment

0.01188 22 Error

59.33347 CV

*, ** and ns: significant at the 1% and 5% probability
levels, respectively, and not significant.
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Table 6. ISSR, IRAP and iPBS Markers used for
linkage map contrauction

Marker  Sequence

iPBS

2231 ACTTGGATGCTGATACCA
2074 GCTCTGATACCA
2076 GCTCCGATGCCA
2415 CATCGTAGGTGGGCGCCA
2221 ACCTAGCTCACGATGCCA

IRAP

IRAP56
IRAP54
IRAP50

TGAGTTGCAGGTCCAGGCATCA
ACCCCTTGAGCTAACTTTTGGGGTAAG
CACTTCAAATTTTGGCAGCAGCGGATC

ISSR

ISSR16
ISSR20
ISSR22
ISSR29
ISSR30
ISSR31
ISSR38
ISSR47
ISSR48

CTCTCTCTCTCTCTCTG
CTCTCTCTCTCTCTCT
CTCTCTCTCTCTCTCTT
TCTCTCTCTCTCTCTCA
GAGGAGAGAGAGAGAG
GAGAGAGAGAGAGAGA
GGAAGGAAGGAAGGAAGGAAT
CTCCTCCTCCTCCTCCTCG
ACACACACACACACACACACTA
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Table 8. Resistance of genotypes to powdery mildew disease

Group Genotypes

0 2, 11, 14, 15, 16, 19, 25, 28, 30, 33, 38, 41, 43, 45, 53, 58, 62, 63, 67, 78, 71, 74, 75, 76, 80, 81, 83, 84, 87 and
92
1 1,3,5,7,24,27, 31,32, 34, 36,37, 39, 48, 49, 51, 52, 55, 59, 61, 66, 69, 70, 72, 77, 88, 89, 91, 93, 96 and 99.

Badia, Kavir, 6, 8,9, 12, 13, 17, 18, 20, 21, 22, 23, 26, 35, 42, 44, 46, 50, 54, 56, 60, 65, 65z1, 67, 78, 82, 97,
98, 100, 101, 102, 103b

10, 40, 64, 79, 94 and 95

4 57,90

W

ﬁ;}\ﬁ}\eﬁrGJ| SN G ol Fy s 53 (6508 Sdde 5 ke i oaiSd 28 sLQTL-A J g

Table 9. The QTLs controlling powdery mildew in F3 families obtained from the cross Badia and Kavir barley
cultivars

Direction R’ Addative Distance to the LOD  Marker position Chromosome QTL
alelles* effect nearest marker

Badia 12.3 0.14 76.35 2.94 ISSR13-4-ISSR45-2 80 4 qSPM-4b
Badia 13.6  0.12 111.93 3.26 ISSR13-1-ISSR16-4 116 4 qSPM-4¢
Kavir 11.1 0.07 39.73 2.06 ISSR13-3- ISSR47-8 42 3 qSPM-3
Kavir 10.9 0.09 -2.02 2.02 ISSR38-6-Bmac310 0 6 qSPM-6

* Indicates the parent from whom the allele is inherited
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Figure 2: The linkage map obtained from the cross Badia and kavir barley cultivars based on the 28 SSR, 9
ISSR, 3 IRAP and 5 iPBS markers (a total of 93 alleles)
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Figure 3- Graphical representation of the QTLs detected on the chromosome 3, 4 and 6 of barley and their LOD
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