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Extended abstract

Introduction

Root and crown rhizoctonia rot has been the most
important fungal disease in sugar beet fields in the
country. Therefore, the improvement of sugar beet
varieties resistant to rhizoctonia is the most practical,
safe and economical way to control this disease. Due to
the fact that the classical evaluation methods of selection
of resistance to this disease are phenotypic and depend
on the environmental conditions and the uniformity of
the inoculating agent and are carried out in a certain
season of the year, hence, by using molecular methods,
as a complementary or alternative method, it is possible
to identify plants containing the resistance gene at the
genotypic level. For genotypic screening of sugar beet
breeding lines, molecular markers linked to resistance
genes to rhizoctonia pathogen are needed. In this
research, the aim was to develop and use a molecular
marker linked to rhizoctonia resistance gene(s) in the
genotypic screening of breeding materials of the Sugar
Beet Seed Institute.

Materials and methods

In this research, the flanking sequences of a SNP
molecular marker identified at the university of Padua,
Italy were obtained and at the Sugar Beet Seed Institute,
a pair of specific primers were designed and converted
into a repulsion STS marker called SR2-r with normal
PCR capability. This repulsion marker is able to identify
homozygous resistant genotypes in the gene locus
related to the marker. To check the reproducibility and
confirm the repulsion marker SR2-r, firstly, several

population and breeding lines of the existing germplasm
of the institute were cultivated in microplots or in the
greenhouse at different times. Then, the developed roots
were inoculated with corn seeds infested with
Rhizoctonia pathogen. Leaf samples were prepared
from the inoculated plants and kept in a freezer at -70°C
until use. After a few weeks of inoculation, single roots
were taken from microplates or pots and the disease
score of rhizoctonia in each of the roots was recorded
and the disease index of each genotype was estimated
and then the genotypes were grouped. PCR molecular
test was performed with the primers related to the
repulsion marker in the DNA of susceptible and resistant
plants and the presence and absence of the marker in
single plants was determined. Statistical analysis for the
disease index was done in a completely randomized
design with unequal replications using SAS software
(2013) and comparing of the data mean with the LSD
test method. Then, the percentage of homozygote
resistant plants in the SR2-r repulsion marker locus was
obtained by dividing the number of plants without the
susceptible allele band of the marker by the total number
of molecular tested plants. In the next step, the
relationship between the marker results and the
rhizoctonia infection score was investigated as a
pairwise comparison in all the tested plants and various
quantitative traits and the repulsion marker error were
calculated.

Results and discussion

The molecular marker SR2-r developed in this research,
which is designed from the SNP marker sequence
related to susceptibility to rhizoctonia, is of the
repulsion type, which is able to identify the susceptible
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allele to rhizoctonia in one of the genetic loci of
resistance to rhizoctonia. In the sense that the presence
of a marker band of 285 bp in a plant sample indicates
the susceptible genotype or the possible heterozygosity
of that plant, and the absence of the marker indicates the
absence of a susceptible allele or, in other words,
homozygous resistance in the mentioned locus. The
molecular test with the aforementioned repulsion
marker in the single plants of each of the selected
genotypes harvested from the greenhouse and the
infected microplot field showed that this marker has
polymorphism in most genotypes and its presence
percentage and its agreement with the results of
resistance evaluation in genotypes is variable. Due to the
oligogenic nature of resistance to rhizoctonia, it cannot
be expected that one hundred percent of the phenotypic
diversity of the trait can be covered by using only one
repulsion marker linked to one of the resistance gene
loci. However, with the SR2-r marker, about 48% of
resistant plants can be selected from a breeding
population, which is considered a very high genotypic
screening power for a marker. In the next step, the
relationship between the results of repulsion molecular
marker and the disease score was checked in the form of
pairwise comparison in all the tested plants. The results
indicated a 13% error between the molecular marker and
phenotypic resistance in greenhouse or microplot
conditions. In this research, for the first time, various
quantitative criteria for the superiority of a single
molecular marker are presented. When several unique
molecular markers are developed for a trait, the best
markers can be selected and used for molecular
screening based on the results of the above criteria. In
order to correctly evaluate the results of different
methods of sugar beet breeding for resistance to
rhizoctonia, it is necessary to correctly identify resistant
plants. For this purpose, two methods of phenotypic and
genotypic evaluation can be used, which in general,
genotypic evaluation has more advantages than
phenotypic evaluation of resistance, including the
selection of resistant homozygotes using repulsion
markers or co-dominant markers, keeping the tested
plant healthy for next use, application of plants at each
stage of growth, the independence of the tested plant
from the season or environmental conditions, Keeping
the greenhouse and field clean from rhizoctonia
pathogens, requires less cages, isolation and observation
tests to find a specific number of resistant lines. Also,
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the presence percentage of the mentioned marker in a
large number of pollinator lines, breeding populations,
hybrids and susceptible and resistant commercial
cultivars was investigated. According to the results of
the molecular marker test in different genotypes, the
percentage of presence of repulsion marker linked to
rhizoctonia resistance gene(s) varied between zero and
100% and was mostly expected. The higher the
proportion of susceptible plants in the primary
population, the greater the selection gain with the help
of the molecular marker in reducing the disease index.
The overall agreement of the repulsion molecular
marker with the rhizoctonia disease index in the
greenhouse and microplot was 87%.

Conclusion
In this study, the reproducibility of a repulsion
molecular marker (SR2-r) linked to rhizoctonia

resistance genes, for which specific primer sequences
were designed, was investigated. Thus, the overall
agreement of the repulsion molecular marker with the
rhizoctonia infection index in greenhouse and microplot
was 87%. This repulsion marker was able to identify
about 48% of rhizoctonia-resistant plants.

Key words: Disease, Molecular marker, Resistance
evaluation, Rhizoctonia, Sugar beet.
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Table 1. Analysis of variance results for disease index of investigatedgenotypes

Sy golie @il as Slayo S5k
SOV df MS
9 49 30.86™

Genotype

s 276 4.95
Error

Olyass o b
CV %

47.61

** Significantly different at 1% probability level
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Table 2. Comparing of evaluation of rhizoctonia resistance in greenhouse or microplot with molecular test of repulsion
SR2-r in the lab

3y Caglie byl Jow L) Jolaw egflady,slas (Sadlanyy el caigiae,s o b Cal L @l ey
L) Solow O jged Solow
Pyl
Row Resistance Genotype Total Infested root  Infection %  Disease AlA1% Agreement percent of
evaluation place plants number index marker and disease score

1 Greenhouse s 980039 8 4 50.00 5.00 0.00 100.00
2 Greenhouse s 980042 8 6 75.00 5.38 50.00 50.00
3 Greenhouse s 970044 7 0 0.00 1.00 42.86 100.00
4 Greenhouse s 970045 4 0 0.00 1.50 25.00 100.00
5 Greenhouse s 970073 6 1 16.67 2.33 83.33 100.00
6 Greenhouseslis 970100 5 2 40.00 4.00 80.00 80.00
7 Greenhouseslis 24P107 8 1 12.50 1.88 37.50 100.00
8 Greenhouseslls 970127 5 2 40.00 3.60 40.00 100.00
9 Greenhouseslis 970133 6 5 83.33 5.33 66.67 33.33
10 Greenhouseslls 35173 8 5 62.50 5.13 25.00 87.50
11 Greenhouse s 35174 6 1 16.67 2.33 16.67 100.00
12 Greenhousealsls 35175 7 3 42.86 3.71 57.14 71.43
13 Greenhouseslis 35186 8 4 50.00 4.38 37.50 87.50
14 Greenhousealsls 35190 7 3 42.86 3.14 28.57 100.00
15 Greenhouseslls 35194 6 2 33.33 2.67 50.00 100.00
16 Greenhouseslls 35203 5 1 20.00 2.40 40.00 80.00
17 Greenhouseslls 35299 6 4 66.67 4.67 33.33 83.33
18 Greenhouse s 35304 9 5 55.56 6.22 22.22 77.78
19 Greenhouseslls 35305 4 3 75.00 5.00 50.00 75.00
20 Greenhouseslls 35309 4 2 50.00 4.50 50.00 75.00
21 Greenhouseslls 35314 6 3 50.00 4.00 66.67 83.33
22 Greenhouseslls 35326 6 2 33.33 2.50 66.67 100.00
23 Greenhouseslls 35328 8 0 0.00 1.38 25.00 100.00
24 Greenhouseslls 35343 4 2 50.00 4.00 50.00 50.00
25 Greenhouseslls 34353 7 1 14.29 1.86 0.00 100.00
26 Greenhouseslls 33627 4 1 25.00 2.50 50.00 75.00
27 Greenhouseslls FC709 6 2 33.33 2.83 66.67 100.00
28 Greenhouseslls Dena 8 5 62.50 4.75 25.00 100.00
29 Greenhouseslis Sina 8 2 25.00 2.13 50.00 87.50
30 Greenhousesls Sharif 8 8 100.00 7.88 12.50 87.50
31 Microplote e SHRO1- 4 0 0.00 1.00 50.00 100.00
32 Microplotests e SHISO127—P.4 3 1 33.33 3.00 0.00 100.00
33 Microplotests e S1-24 4 1 25.00 2.00 50.00 100.00
34 Microplotes s..  SC-MH070 6 2 33.33 2.67 83.33 66.67
35 Greenhouseslsls  S1-92210 8 8 100.00 6.00 12.50 87.50
36 Greenhouseslsls  S1-92354 9 9 100.00 8.33 0.00 100.00
37 Greenhouseslsls  S1-92359 4 4 100.00 7.25 0.00 100.00
38 Greenhouseslsls  S1-92363 10 10 100.00 8.40 0.00 100.00
39 Greenhouseslsls  S1-92409 9 9 100.00 6.00 0.00 100.00
40 Greenhousests  S1-92411 7 7 100.00 7.57 14.29 85.71
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41 Greenhousesds S1-92419 5 5 100.00 7.00 0.00 100.00
42 Greenhouseslsls S1-92421 10 10 100.00 8.00 0.00 100.00
43 Greenhousessls S1-92424 10 10 100.00 7.00 0.00 100.00
44 Greenhouseslsls S1-92435 7 7 100.00 8.00 0.00 100.00
45 Greenhouseslsls S1-92447 7 6 85.71 5.00 0.00 100.00
46 Greenhousessls S1-930006 5 4 80.00 4.80 60.00 60.00
47 Greenhouse«lxls $1-930014 6 6 100.00 5.67 50.00 50.00
48 Greenhousessls S1-930026 5 5 100.00 6.00 80.00 20.00
49 Greenhouse«lxls $1-930035 8 7 87.50 6.00 25.00 75.00
50 Greenhouseslxls $1-930036 7 3 42.86 4.00 71.43 57.14
LSD 5% 2.53 86.81
9.) Jab dlﬂ:b.}l.} u»lwl )JSRZ'I' ubb LJ?Q?‘O )iJLAAJ le)’ )?M ‘_{og le.b:)tuw ‘~ Js-\e
Table 3. Quantitative criteria for SR2-r repulsion molecular marker based on data in table two
), Cdab KU gl (oS (5o ke Dbl i S5 3590 diold Saxe Sy
Row Quantitative criteria for repulsion marker Calculated.value ~ Expected.range Superiority of the Criteria
1 polie 5 (lus slosil pie (53l 0j0s (Sl 325 1to9 S oS 2z
Average disease score of the absence of susceptible and The less the better
resistant bands
2 oolee slasl pae (Sogll 0,05 5:Ske 6.10 5t09 kg S 4> n
Average disease score of the absence of susceptible The less the better
bands
3 polie slail pac (Sl 0yes uSle 1.38 1to3 S S 4> yn
Average disease score of the absence of resistant bands The less the better
4 (RS ©83) pglis 1L pie (gla,SiLis oy 60% 0 to 100% Sy d>
Percentage of markers of the absence of resistant band The more the better
5 ool 3L pae sl Sl do 40% 0 to 100% it oS 4> yb
Percentage of markers of the absence of susceptible The less the better
band
6 Az ol LB il S0l b oS aglis cladisy dop 48% 0 to 100% S i 43 b
Percentage of resistant plants that can be identified with The more the better
the repulsion marker
7 Bgd e il Galls pglie (Sl b oS pwlus sladig 1oy 21% 0 to 100% g S 4>
Percentage of susceptible plants that are considered The less the better
homozygous resistant by the marker
8 (g JS & ;i b 186 sla plus o)) cinl Solis glas 13% 0 to 100% g oS 4>
Repulsion marker error (percentage of susceptibles The less the better
without marker bands to total plants)
9 Sl 0y05 b S5l 38l5 auo o 87% 0 to 100% SRyl 4o b
Percentage of agreement of the marker with the disease The more the better
score
10 R IESE VRTINS 69% 0 to 100% e ladigy oy 4 Sis
Percentage of markers with susceptible band presence Depends on the abundance of
11 polis B jpa sla)Silts Aoy 31% 0 to 100% polio sl Jlgld 4y (Sis
Percentage of markers with resistant band presence Depends on the abundance of
resistant plants
12 e sl jgis  (S3gll 0405 SSle 7.09 5t09 Sk yid 4> B
Average disease score of the presence of susceptible The more the better
bands
13 polie losil jois (S3gll 0)es :Sile 1.37 1to3 g S 4o
Average disease score of the presence of resistant bands The less the better
14 polie g wlus (slosil jguis (539l 0505 (uSile 5.34 1to9 polie g (luo gy Camas 4y (Staan

Average disease score of the presence of susceptible
and resistant bands

and resistant plants

Depends on the ratio of susceptible

Yy
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Table 4. Selection response using repulsion molecular marker SR2-r in reducing the average infection
score of sugar beet in total greenhouse and field microplot evaluations

)i.uL..; RYAREE dlﬁﬁy Gl )El 2 olow ua>L13 u»mlf u‘).uﬁ
wlbos Clusl b Jlas] polie (allsubadigy Glsasl I o) canl

&gy dlaas Wlow o230 Slis
), casl Sl iz glbcussg P’;ant LsS o, - (ol - -
Row Different statuses of repulsion marker Rhizoctonia 1 ne rate of reduction of the disease index due to
number : : the selection of plants without non-paired marker
disease index - . .
band (due to the selection of possible resistant
pure plants including marker error)
Sl b Juye jl Jb
5o S b Jus 51 J 326 467 .
Before screening with molecular markers
o) JsSge JUsé 5l an SR2-T cinl Silis jpi
(L5 el 3 polie 55550 5 plus sy
2 Presence of the SR2-r repulsion marker 222 5.34 —
after molecular screening (including
susceptible plants and heterozygotes
resistant at the marker locus)
Jols) JsUge Jui 5l de SR2-T il Sibis jm pas
(Ui osls )3 polio Lalls (slaasyy
3 Absence of the SR2-r repulsion marker after 104 3.26 141

molecular screening (including homozygous
resistant plants at the marker locus)
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Table 5. Screening results of sugar beet different genotypes using SR2-r molecular marker in the greenhouse

and field
@y Jw bl Jore o 2 0yled oddiyge)l aigy olass G o)
Row Year Cultivation place Pedigree Seed book  Number of plants tested  pglio 955900
A1A1%
1 2018 Greenhouse FC709-F2-8726 10 90
2 2018 Kamalabad field $1-930036 12 8
3 2018 Kamalabad field 27273-83 34214-96 12 33
4 2018 Kamalabad field FC-221-HSF-1240-93 34215-96 12 75
5 2018 Kamalabad field FC-221-HSF-1240-93 34216-96 83
6 2018 Kamalabad field SB-26 33303-93 57
7 2018 Kamalabad field SB-30-S1-89134 33644-94 14
8 2018 Greenhouse $1-920541 47 17
9 2018 Greenhouse $1-920128 53 58
10 2019 Kamalabad field F2-920760%920128 261 35
11 2019 Kamalabad field F2-920756%920633 64 48
12 2019 Kamalabad field F2-920270*Saccara F2-CG-3 13 23
13 2019 Kamalabad field F2-920270*Saccara F2-CG-5 47 6
14 2019 Kamalabad field Bulk-$1-930151 232 66
15 2021 Kamalabad field  F1-Mix: OT-940171*OT Rhizoctonia 35831 143 24
(940049, 75, 156, 206)
16 2021 Greenhouse F2(0T-940079*0T-940184) A 92 24
17 2021 Greenhouse F2(OT-940087*0T-940184) B 98 33
18 2022 Greenhouse F2(0T-940150*0T-940184) Al 125 77
19 2022 Greenhouse F2(0T-940156*0T-940184) A2 99 39
20 2022 Greenhouse F1 (0OT-940207*0T-940184) Al 191 45
21 2022 Greenhouse 0T-201-9 0T-140002 10 0
22 2022 Greenhouse 0T-201-9 OT-140003 181 34
23 2023 Kamalabad field F2 (S1-980004*SB53) SE-101 332 44
24 2023 Kamalabad field F2 (S1-980022*SB53) SE-102 260 50
25 2023 Kamalabad field F2 (S1-980046*SB53) SE-103 340 31

SR2T Silis 35 olSyls 5o polis Lalls (slatipy 1oy ALALY

Al1A1%: Percentage of homozygous resistant plants at the Sr2-r marker locus

AR
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Fig 2. Genotypes classification using cluster analysis method
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Table 6. Screening results of sugar beet different hybrids in augment

experiment in Motahhri station using SR2-r molecular marker

) ol #83 0)lod s1byg0fl W3, s P} M)
Row Origin Seed book Number of plants polie 9%, g0
tested A1A1%
1 (7112 * SB36) * S1 - 960102 35158 11 91
2 (7112 * SB36) * S1- 960104 35159 9 44
3 (7112 * SB36) * S1 - 960107 35160 9 67
4 (7112 * SB36) * S1-960108 35161 13 62
5 (7112 * SB36) * S1 - 960109 35162 11 55
6 (7112 * SB36) * S1-960110 35163 14 93
7 (7112 * SB36) * S1-960111 35164 13 0
8 (7112 * SB36) * S1- 960113 35165 14 86
9 (7112 * SB36) * S1 - 960124 35166 12 8
10 (7112 * SB36) * S1-960132 35167 7 71
11 (7112 * SB36) * S1 - 960146 35169 7 86
12 (7112 * SB36) * S1-960147 35170 8 63
13 (7112 * SB36) * S1-960151 35171 10 80
14 (7112 * SB36) * S1 - 960156 35172 15 73
15 (7112 * SB36) * S1 - 960159 35173 6 33
16 (7112 * SB36) * S1 - 960160 35174 8 75
17 (7112 * SB36) * S1-960163 35175 10 40
18 (7112 * SB36) * S1-960173 35177 13 92
19 (7112 * SB36) * S1- 970001 35178 9 56
20 (7112 * SB36) * S1 - 970003 35179 15 33
21 (7112 * SB36) * S1 - 970006 35181 18 61
22 (7112 * SB36) * S1 - 970008 35183 18 39
23 (7112 * SB36) * S1 - 970010 35185 11 73
24 (7112 * SB36) * S1-970011 35186 11 55
25 (7112 * SB36) * S1-970012 35187 14 0
26 (7112 * SB36) * S1-970013 35188 12 75
27 (7112 * SB36) * S1-970014 35189 10 70
28 (7112 * SB36) * S1 - 970015 35190 10 90
29 (7112 * SB36) * S1-970016 35191 15 73
30 (7112 * SB36) * S1-970017 35192 14 29
31 (7112 * SB36) * S1 - 970048 35222 15 80
32 (7112 * SB36) * S1 - 970053 35227 11 73
33 (7112 * SB36) * S1 - 970056 35230 13 92
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34 (7112 * SB36) * S1- 970067 35240 14 71
35 (7112 * SB36) * S1-970072 35245 13 54
36 (7112 * SB36) * S1-970079 35252 10 70
37 (7112 * SB36) * S1- 970084 35257 11 64
38 (7112 * SB36) * S1-970093 35265 16 0
39 (7112 * SB36) * S1- 970098 35269 17 76
40 (7112 * SB36) * S1 - 970106 35275 13 54
41 (7112 * SB36) * S1-970110 35279 8 25
42 (7112 * SB36) * S1-970116 35281 9 78
43 (7112 * SB36) * S1-970119 35284 18 83
44 (7112 * SB36) * S1-970124 35287 5 80
45 (7112 * SB36) * S1-970132 35293 6 33
46 Sina SBSI -7 49 63
47 Novodoro F-20707 64 75
48 Modex F-20739 59 78
49 Loriquet F-20817 51 65
50 Pirola F-20803 56 71

SR2-1 Silis 55 oKl 3 pglie (el (claasgy 1o )s ALALYD
A1A1%: Percentage of homozygous resistant plants at the Sr2-r marker locus

5 yuio Mo MUy 40 SR2-T (Sl 55 ol )0 polie Lalb sladigy duo)yd aield ¢ iiulojl i3 VF o 5V JB» 2
el sl 590 Ldes
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SR2-1r JsUs0 55l 1 eolii] b duwe sbiw 45 )
Table 7 Genotypic results of rhizoctonia resistance in some varieties and parents of sugar beet commercial
hybrids in greenhouse using SR2-r molecular marker

i, Ju o) 013 (903l 32 3l polie ©5Sigen Cisi) o)
Row Year Origin Number of plants tested A1A1%
1 2018) Arta 80 50
2 2018 Jolgeh 18 0
3 2018 Rasoul 14 7
4 2021 Sina-201 18 39
5 2021 Sina-202 18 72
6 2021 Sina-203 18 39
7 2021 Sina-204 15 47
8 2021 Sina-205 18 67
9 2021 Sina-206 18 83
10 2021 Sina-207 18 72
11 2021 Sina-208 18 89
12 2021 Sina-220 18 83
13 2021 SHR-01-P-12 18 33
14 2021 Isabella 18 61

SR2-1 Silis 5 ool 3 polie LIl slacigy 1oy3 :ALALY
The percentage of resistant homozygous plants in SR2-r marker locus



e I5Sge S K ang

§ 325 A

cinl JySlye SR Sy syripyS5 s 35 o 5
S oS LWsSony 4 Cwglie b)) 4 diwgy (SR2)
L)’I LSI)’ W) PO W) ‘_;>|)L> Lj wol»a;b‘ L;Lm)f)l.cj
a byl (339 oy 45 alS wiges (oobj dlusi cjglaie
o 9 Ol ool cimsdy Mg S 5 b 1S 5 LigiS's 5,
b bsye slayS3le] a8 L PCR 905 DNA gl55al §
@5 L (o9l 00 gl s (285 plosl Jlai 390 LS
SIS Bl cly o WD dmlie bk SO (JeSdge
2 bSainy 4 (S pasla b b JySlpe Sili
Lo Cpitmed el Cawd 4 Ao yd AV g See g aSlkIS
(olidlos 3 cla Y 1 ool sl jd HeShe LS jeuas
polie 9 (olas ()b Bl g oy yun (2ol slaodys
» e Sl eefl @l ol p S e
4 dwgy Canl L jpas doyd wilisee (lacuis)
9 pite Jopd Voo b jhio o WigSeh) & Cuaglio (sla)0
2B Lol saes ) canl L ol D Ll 590 bies
D9 WigS g5y 4 polde sladigy doyd FA Do oLl 4
2 xd s gl sl LBys oo 4 g L Ll
Cygo 35800 Mol cpolie ©95Gjg0n Sacuin Sy
g odlazwl Real-time PCR 5 Sl

&8l o,
) 05 et S Mg banags gl ool g5 guan

S5 3wl
A 9 g Mol Slisiod e jl e (B aiun g alwg cpl 4

Sl sl i Sl (550 wald s 4y a8y

Ahleie S8 5 Syl s

YA

48 ol ilie (sla by ) @l v L)l Gl
polie (LS oo (Lol & jlo LigiS g3y 4 Canglie (o
595 9 592 byl ey 9 5l pskate cnl sl
Sblie (g b))l ggeme 3 &5 25 ooliul g5 oo
Cbl dex Sl Cuaglie (59 2bj) 4 Cund s
Loy carl Sl ooliwl b pslie sacgSjoen
oalil (gl 00 cpga3l olS (ysile s )l o (sl St
olS (1392 Jatws edd jlal>yo p2 )3 GlalS jl okl san
5 W (il jad e Lulyd b Juab Sl (geil 3550
oialefl 5 Agnl @S 4 a8 Sl igSany Slew il s )30
5 polae Y asie (ol 8L gl (gloanlin
bl e o) bye Y a Jglas ,> (Norouzi et al. 2022)
il Slanye 5 bowigs by e JsSlge
e Sl b sl sl (b e
Comd HAinyn Cul odd o2 lis SR2-rasldswgs
JodlpSe 2l i gl Caner 3 plus Sy
a3l als 3 80 Jeslge SOUiS S8 4 i S
ol hais a8 cul b g ol Dg dalgs i Sl
LigiS 950y 4 Ceagliie (slag3 5l (o & dtwgn (JoSge ,S0LES
Caplo 4 dogi b Sy Cunl ol odlitwl Guios pl
2o g len ol @ Cwglie (iSly (g (595
Plosmys 5 31 Sees g Sl Shp GF el
Egoe g 1l dnugi 0101 (6,500 JsSge (sla Sl
23,5 oalil w3 0 Aol dlge JoSUge Jbye yd Lo
oiels g Gl U S8 4y (i by il e oIS
Sipo gl Comer (Sagl jasls (:Sle o (5Ll
9o S iz SeS 4y 155 (233l 5 €85 algs
Jb 3 Caner o Jo90 Jbpe JbSu L 5 45 salgd it
oY S 4 g WgS g 4 Cunglie s (sl SSB

AL s polis L S



va VoY Vol /F+ als /a5 piin
References 3w 3,90 &slie

Buttner G, Pfahler B, Marléander B. Greenhouse and field techniques for testing sugar beet for resistance to
Rhizoctonia root and crown rot. Plant Breeding, 2008; 123: 158-166. Doi:https://doi.org/10.1046/j.1439-
0523. 2003. 00967.x.

Dellaporta S L, Wood J, Hicks JB. A plant DNA minipreparation: version Il. Plant Molecular Biology Reporter,
1983; 1: 19-21. Doi:https://doi.org/10.1007/BF02712670.

Hassani M, Heidari B, Stevanato P, Campagna G, Broccanello C, Norouzi P, Concheri G, Panella L. A
candidate single nucleotide polymorphism (SNP) marker linked to resistance to infection with rhizoctonia
in sugar beet. 76th IIRB Congress, 2018; 5-7 June. Deauville, France.

Herr LJ. Sugar beet diseases incited by Rhizoctonia species. pp. 341-350. In: Sneh B, Jabaji-Hare S, Neate S,
Dijst G (Eds.). Rhizoctonia species: Taxonomy, Molecular Biology, Ecology, Pathology and Disease
Control. Kluwer Academic Publishers. Dordrecht. Netherlands. 1996.

Lein JC, Asbach K, Tian Y, Schulte D, Li C, Koch G, Jung C, Cai DG. Resistance gene analogues are clustered
on chromosome 3 of sugar beet and co-segregate with QTL for rhizomania resistance. Genome, 2007; 50:
61-71. Doi:https://doi.org/10.1139/g06-131.

Lein JC, Sagstetter CM, Schulte D, Thurau T, Varrelmann M, Saal B, Koch G, Borchardt DC, Jung C.
Mapping of Rhizoctonia root rot resistance genes in sugar beet using pathogen response-related sequences
as molecular markers. Plant Breeding, 2008; 127: 602—-611. Doi:https://doi.org/10.1111/j.1439-0523.
2008.1525.x.

Mahmoudi SB, Mesbah M, Alizadeh A. Pathogenesis variation of rhizoctonia solani isolates of sugar beet.
Iranian Journal of Plant Pathology. 2004; 40: 253-283. (in Persian).

Mahmoudi SB, Soltani J. Sugar beet root rot in Iran. Newsletter of Iranian Sugar Industries Research and
Training Center, 2005; 16(178): 14-18. (in Persian).

Nazari A. Identification of molecular markers linked to genes controlling rhizoctonia resistance in sugar beet.
MSc thesis. Crop science and breeding department. AboureihanPardis. Tehran Univ. 2011.(in Persian).
Norouzi P, Rahmani D, Oroojalian S, Mahmoudi B, Aghaeizadeh M, Kakuinejad M, Orazizadeh, MR, Vahedi
S, Fathi MR. Confirmation of repulsion molecular markers linked to rhizomania resistance gene (Rz1) and
evaluation of gene dose effect in sugar beet genotypes. Journal of Sugar Beet. 2013; 29: 133-145. (in

Persian).

Norouzi P, Sabzehzari M, Zeinali H. Efficiency of some molecular markers linked to rhizomania resistance
gene (Rz:) for marker assisted selection in sugar beet. Journal of Crop Science and Biotechnology, 2015;
18 (5): 319-323. Doi:https://doi.org/10.1007/s12892-015-0033-9.

Norouzi P, Rajabi A, Fasahat P. Molecular markers in sugar beet. Agricultural education publishing, Tehran.
2022; 275 p. (in Persian).

Nouhi AA, Amiri R, Haghnazari A, Saba J, Mesbah M. Use of molecular marker for assay gene dosage
resistant gene to rhizomania disease (Rz1) in sugar beet (Beta vulgaris L.). Asian Journal of Biotechnology.
2009; 1(1): 37-41. Doi:https://doi.org/10.3923/ajbkr.2009.37.41.

Panella, LW, Ruppel, EG. Availibility of germplasm for resistance against Rhizoctonia spp. pp.515-527. In:
Sneh B, Jabaji-Hare S, Neate S and Dijst G. (Eds.). Rhizoctonia species: Taxonomy, Molecular Biology,
Ecology, Pathology and Disease Control. Kluwer Academic Publishers. Dordrecht. 1996.

Rajabi A, Aghaeezadeh M. Sugar beet breeding. Training course in KWS company. Einbeck, Germany, June-
July. 2012. (in Persian).

Ravi S, Hassani M, Heidari B, Deb S, Orsini E, Li J, Richards C, Panella L, Srinivasan S, Campagna G,
Concheri G, Squartini A and Stevanato P. Development of an SNP assay for marker-assisted selection of


https://doi.org/10.1046/j.1439-0523.2003.00967.x
https://doi.org/10.1046/j.1439-0523.2003.00967.x
https://doi.org/10.1111/j.1439-0523.2008.01525.x
https://doi.org/10.1111/j.1439-0523.2008.01525.x
http://dx.doi.org/10.1007/s12892-015-0033-9
https://doi.org/10.3923/ajbkr.2009.37.41
https://www.google.com/search?client=firefox-b-e&sca_esv=412c17568268fde8&q=Einbeck&si=AKbGX_oBDfquzodaRrfbb9img4kPQ4fCBZjeqAiaW1svvC8uXsARB_7ts1UDzadS2-caXZsYNsArZp8GuSKe3qt5A1yk5Vw8Ka7f8Lv3gTJg-1rwkDk5zoxG-Djaj-uiXcK37BYyjkQzp8AmQhItajDJDVbTG8IpZRaDMAlxU9GZf2lWKQvpILThzeyyPkYQTwrn6oIoaV-y&sa=X&ved=2ahUKEwiylti6zYyFAxWQTKQEHWg1BIsQmxMoAXoECFYQAw

IS0 S S, g T

soil-borne Rhizoctonia solani AG-2-2-111B resistance in sugar beet. Biology. 2022; 11 (49): 1-17.
Doi:https://doi.org/10.3390/biology11010049.

Scholten OE, Panella LW, De Bock TS, Lange W. A greenhouse test for screening sugar beet (Beta vulgaris)
for resistance to Rhizoctonia solani. European journal of plant pathology, 2001; 107: 161-166.

Sheikholeslam M. Diagnosis of fungi of sugar beet root rot and determining of their dispersion in Kermanshah
province. Final report of project. 2001; 17 p. (in Persian).

Windels C, Panella L, Ruppel E, Sugar beet germplasm resistant to Rhizoctonia root and crown rot withstands
disease caused by several pathogenic isolates of Rhizoctonia solani AG-2-2. Sugar beet. Research and
Extension Reports, 1995; 26: 179-185.


https://doi.org/10.3390/biology11010049
https://doi.org/10.3390/biology11010049

