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Abstract. In this study, using molecular approaches, we evaluated the resistance to the pathogen Venturia
inaequalis (Cke.) of some local apple varieties growing in Azerbaijan. We were used twenty-nine
molecular markers for the scab resistance genes and one molecular marker for the powdery mildew
resistance gene. The samples comprised 20 reference scab resistant apple varieties and 5 introduced
varieties of apple present in Azerbaijan. Twenty apple-scab resistant varieties and seven introduced apple
varieties growing in Azerbaijan were used as objects.

The molecular markers SSR-23.03, Rvil8-SSR, T6, NZmsCN943818 and NHO030a of scab
resistance genes Rvil2, Rvil8, Rvill, Rvil6 and CHO03c02 of the powdery mildew resistance gene PI-d,
were not found in any scab resistant variety we tested and also not in any of the apple varieties originating
from Azerbaijan that were tested. The 30 molecular markers we used, proved to be useful for the
determination of resistance genes against V. inaequalis within apple varieties and can be used plant
introgression and pyramidization of resistant genes in the national marker assisted (MAB) breeding
programme of Azerbaijan.
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1. Introduction

Apple scab is a fungal disease caused by Venturia inaequalis (Cke.) Wint. This
pathogen causes substantial economic losses worldwide (Kaymak, 2012). The damage
and losses vary considerably, depending on weather conditions and the sensitivity of
varieties used (Jafarov, 2001).

In the spring, especially during the cool and rainy weather, in sensitive varieties
disease severity increases, in cases where chemical pesticides are not applied, and crop
loss may be up to 100% (Kaymak, 2012). In recent years, due to substantial losses in
apple production, in our republic producers have increased pesticide use against apple
scab in the cool and humid summers. This, however, increases production costs and it
has a negative impact on the environment and human health. Additionally, the pathogen
can become resistant to the chemicals used too frequently and excessively
http://www.dfnx.gov.az/?r=54&id=218.

To avoid the negative impacts of high pesticide use resistance breeding and the
use of resistant varieties has proved to be beneficial (Kaymak, 2012). Resistant genes
present in wild apple species have been introduced in commercial varieties using
traditional breeding methods. Among the genes that are responsible for resistance to
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apple scab, the Vf gene is most commonly used, its origin is wild crab apple, Malus
floribunda 821 (Janick et. al., 1996; Williams et. al., 1968). A whole range of resistant
genes against V. inaequalis were identified in different apple varieties. Vm gene in
Malus micromalus, Vr gene in M. pumila, Vbj gene in M. baccata kakii, Vb gene in
Hansen's bakkata 2, Va gene in Antonovka Pl 172623, Vj gene in Consib and V¢ gene
in Katay Krab (Williams et. al., 1966). Gygax et. al., (2004), have determined the first
molecular markers associated to the applescab resistance gene Vbj, that originated from
crab apple M.baccata jackii.

Other scab resistance genes are known and for the most part have also been
mapped genetically. Bus and Patocchi developed a range of testers consisting of scab-
resistant genotypes to identify existing virulence in the field (www.vinguest.ch). Parisi
et. al., (1993), reported the appearance of a scab race that is able to overcome Rvi6.
This race has now spread across most of Europe, so Rvi6 is no longer effective in many
regions of Europe. Despite the breakthrough of this resistant, it can still be important in
cultivation (Peil et. al., 2014). The experience that a resistance gene can be overcome by
the appearance of a new scab race has led apple growers to try to pyramidize scab
resistance genes in one variety (Baumgartner et. al., 2015; Peil et. al., 2014 ). For most
of the scab resistance genes listed in Table 1 there are molecular markers that can be
used to select pyramidized resistance in progeny (Patocchi et. al., 2009). However, this
requires knowledge of the resistance genes present in the parents. The markers can also
be used to screen genetic resources in order to identify resistance donors.

Table 1. Overview of apple scab resistance genes and their localization in the apple genome

Resistance genes . Reference for first report of
New Linkage group .
Old name map position
nomenclature*
Rvil Vg 12 Durel et al. 2000
Rvi2 Vh2 2 Bus et al. 2005
Rvi3 Vh3.1 4 Bus et al. 2011
Rvi4 Vh4 2 Bus et al. 2005
Rvi5 Vm 17 Patocchi et al. 2005
Rvi6 \ii 1 Maliepaard et al. 1998
Rvi7 Vth 8 Bus et al. 2011
Rvi8 Vh8 2 Bus et al. 2005a
Rvi9 Vdg 2 Bus et al. 2011
Rvil0 Va 1 Hemmat et al. 2003
Rvill Vbj 2 Gygax et al. 2004
Rvil2 Vb 12 Erdin et al. 2006
Rvil3 Vd 10 Tartarini et al. 2004
Rvil4 Vdrl 6 Soufflet-Freslon et al. 2008
Rvil5 Vr2 2 Patocchi et al. 2004
Rvil6 Vmis 3 Bus et al. 2011
Rvil7 Val 1 Bus et al. 2011
Rvil8 V25 1 Soriano et al. 2014

Note: * The new nomenclature for scab resistance genes in apple was proposed by Bus et al. 2011.

Generally, in breeding programs it should be tried to produce resistant varieties
with market acceptability. In order to successfully develop a breeding program into this
direction, apple genotypes which are present in different regions of the country shoud
be screened for the presence of resistance. The aim of this study was to identify the
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presence of scab resistance in different apple varieties grown in Azerbaijan and to
determine valuable varieties for future breeding purposes. For the above-mentioned
screening we used twenty seven molecular markers for different scab resistance genes
and three molecular marker for the resistance against powdery mildew (Podosphaera
leucotricha), respectively, that are available from literature
(https://sites.unimi.it/camelot/hidras/). During the our study powdery mildew infection
was observed in the experimental plot on varieties of Azerbaijan. Therefore we used
three molecular markers for powdery mildew resistance.

2. Materials and methods

Plant material sampling. In total 25 different apple varieties were used for
molecular screening. In our experiment, 5 introducted varieties of apple were selected
from the fruit gardens of the Institute of Fruit-and Tea-growing Research, Guba,
Azerbaijan, but 20 donors reference apple varieties from Julius Kiihn-Institut (JKI)
Dresden, Germany, see Table 2.

Table 2. The apple varieties used in our research

Ne The name of variety/ Origin
nr of breeding material
1 Fuji Japan
2 Kandil Sinap Turkey or Russia
3 Gala New Zealand
4 Granny Smith Australia
5 Aport Kazakhstan
6 Gala ACW, Switzerland
7 Golden Delicious ACW, Switzerland
8 Priscilla INRA France
9 04214-79, Russia
Antonovka APF22
10 B45 Plant and Food Research, Germany
11 TSR33T239 INRA
12 Durello di Forli Italy
13 Diilmener Rosenapfel Germany
14 9-AR2T196 INRA, France
15 TSR34T15 ACW, Switzerland.
16 Hansen's baccata#?2 ACW, Switzerland
17 M.baccata jackii from 2010 ACW, Switzerland
18 AT723-6 ACW Switzerland,
19 J34 Plant and Food Research, Germany
20 GMAL2473 ACW Switzerland,
21 Q71 Plant and Food Research, Germany
22 M. x floribunda 821 Germany
23 06005-55 Germany
24 06006-8 Germany
25 06006-57 Germany
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DNA extraction, PCR and fragment analysis. Total DNA was extracted rom fresh
young leaves (100 mg) using the QTAGEN® DNeasy kit (Qiagen, Mainz, Germany),
taking into account the manufacturer's recommendations. To determine the quality and
concentration of total DNA obtained, 20 ul DNA samples and a standard range (50 ng,
100 ng, 200 ng, 400 ng) were quantified on 1.0% agarose gel for about 20 minutes at
120 V and subsequently stained with 2 pl ethidium bromide. The evaluation was carried
out with the Image ChemiDoc XRS+System (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). DNA samples with sufficient purity (A260/A280=1.80-2.00) and concentration
(~300-950 ng/ul) were used in PCR.

The DNA was screened with 30 pairs of gene specific primers. The primer
sequences for the molecular markers used in our study are given in Table 3.

Table 3. List of primers and sequence characterized used for amplification of scab resistance

genes in this study

Marker Detected | Allele size Primer sequence References
name gene (bp) (F+R)
5-TCGTGCAAGAAGCAA
. ATAGC-3'
VOIS SSR | Rvil 10 | 5 TGGGTTATAATCAAA
CCATCCA-3 Covaet. al., 2015
5 -GCTGGGGTTGTTGGA
. AATAG-3'
Vgl2_SSR | Ruil 10 | 5 TCATCCAAACAAGCA
AAACCT-3'
CHO05e03 Rvi2, 163, 173, | 5-CGAATATTTTCACTCT Bus et. al., 2005, Gygax et.
Rvi4, 160 GACTGGG-3' al., 2004, /Patocchi et. al.,
Rvi9, 5 -CAAGTTGTTGTACTGC 2009
Rvill TCCGAC-3'
S RACARATCRTCAA e o
S -3' us et. al.,
CHO2b10 S\‘/’i'fé 122-125 | 5 CAAGTGGCTTCGGAT 2005
AGTTG-3'
OPL19 Rvi2 430 5-ACCTGCACTACAATCT Bus et. al., 2005 /
SCAR Rvi8 TCACT AATC-3' Patocchi et. al., 2009
5" ACTCGTTTCCACTGAGGAT
ATTTG-3
Hi08e04 Rvi3 214? | 5°-GCATGGTGGCCTTTC https://sites.unimi.it/camelot/
TAAG-3' hidras/HiDRAS-
5-GTTTACCCTCTGACTC SSRdb/pages/marker_display
AACCCAAC-3' .php?SelectedSSR=Hi08e04
Vr2C5' UTR Rvi4 521 5-ATTCATGAGGTCAGC . .
. , Flachowsky, Julius Kithn-
RI1S ACCCTC-3 Institut (JKI) Dresden
5 -GCGTAGGCATCAGATA Germany '
GGACC-3'
CHO02c02a Rvi4 176-183 | 5°-CTTCAAGTTCAGCAT Bus et. al
Rvil5 CAAGACAA-3' ZOOéa Y
5 -TAGGGCACACTTGCT /Patocchi et eil 2009
GGTC-3' o
5-ATTTGGGGTTTCAAC
Hi07h02 Rvi5 226 AATGG-3 Patocchi u op., 2009

5-GTTTCGGACATCAAA
CAAATGTGC-3
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FMACH_V
M3

Rvi5

355

5-GTTCCCTGCAGTTTCA
TGGT-3'
5-CTAGCATTGGCCTCA
GATCC-3'

Covacet. al.,
2015

FMACH_V
m2

Rvi5

158

5-TGGTGAAAGAAAATA
TGCCAAG-3'
5-TCCATTTCTCCATTTG
GTGTT-3'

Covacet. al.,
2015

CH-Vf1
Rvil7
CH-Vflc

Rvi6
Rvil7
Rvi19

139-159

5-ATCACCACCAGCAGC
AAAG-3'
5-CATACAAATCAAAGC
ACAA CCC-3

Vinatzer et. al., 2004/
Patocchi et. al., 2009,
Bus et. al., 2011

OPB18
SCAR

Rvi8

799

5-CCACAGCAGTCATTG
GGA-3'
5-CCACAGCAGTGCATA
AAC-3'

Bus et. al.,
2005

CHO03d01

Rvi9
Rvill

115

5-CGCACCACAAATCCA
ACTC-3'
5-AGAGTCAGAAGCACA
GCCTC-3'

Gygax et. al.,
2004

T6SCAR

Rvill

410

5-CGTTCAACTCATAAG
TGGT CCC-3'
5-AAGGGCAGAATCATA
AAAGCC-3'

Gygax et. al.,
2004

SSR23.03

Rvil2

106

5-CAGTGCTGGCTTTAAG
TTTGG -3
5-AATACAACGCCAGAT
GAGAG G-3

Padmarasu et. al., 2014

SSR-24.91

Rvil2

209

5-CTTGCTAGGGTTGTGC
TTGG-3'
5-CCACATAAAAGAAAG
CCTTGG-3

SSR-23.17

Rvil2

242

5-GTTGCCCGTTAGAATT
TTGC-3'
5-CTAGTGTAGTGTGTG
GGTGTGG-3'

Padmarasu et. al., 2014

CHO02c06

Rvil2

248

5-TGACGAAATCCACTA
CTAATGCA-3
5-GATTGCGCGCTTTTT
AACAT-3

Gianfrance-schi et. al., 1998

CHO02b07

Rvil3

120

5-CCAGACAAGTCATCA
CAACACTC-3'
5-ATGTCGATGTCGCTCT
GTTG-3

Tartarini et. al., 2004/
Patocchi et. al., 2009

CHO04f03

Rvil3

191

5 -CTTGCCCTAGCTTCA
AATGC-3'
5-TCGATCCGGTTAGGTT
TCTG-3'

Tartarini et. al., 2004 /
Patocchi et. al., 2009

HBO09

Rvil4

210

5" GCTCAAAATACTGAAGCC
TTGC-3'
5-GGGGAAGCAGGATGG
TTACT-3'

Soufflet-Freslon et.
al.,2008,/Patocchi et. al.,
2009

CHO02f06

Rvil5

152

5-CCCTCTTCAGACCTG
CATATG-3'
5-ACTGTTTCCAAGCGC
TCAGG-3'

Patocchi et. al., 2004/
Patocchi et. al., 2009
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5'-CGGGAAGAGGAAAT

NZmsCN RVi16 198 GTGATT-3' Bus et. al., 2010, Celton et.

943818 5 -TGAACAGCTCATCGT al., 2009
CGGTA-3'
5-GCAACAGATAGGAG Bus et. al., 2010, Yamamoto

. CAAAGAGGC-3 et. al., 2002

NHO030a Rvil6 210 | 5 TCCAAAGTTCAACAC Celton et. al.,
AGATCAAGAG-3' 2009
5-GGTTTTCATTCTTGCA

Rvi18-SSR . TGAGG -3' .

Rvil8 478 5 GTTTTCGACGAACTC Soriano et. al., 2014
CTAACT TCACC-3'
5-ATCAGCCCCACATGA

AT20-450 oI 450 | ATCTCATACC3 Mark“;fg“ g: g: 1995,

SCAR 5°-ACATCAGCCCTCAAA 32/00;1 "
GATGAGAAGT-3
5-AACCAGATTTGCTTG
CCATC-3' .

CHO02d12 PIm 205 5 GCTGGTGGTAAACGT Gardiner et. al., 2003
GGTG-3'
5-TCACTATTTACGGGA

Pld TCAAGCA -3'

CHO3c02 133 | 5 GTGCAGAGTCTTTGA James, et. al.,
CAAGGC-3' 2004
5'-CTGCTCTTCCACATG Seglias, et. al.,
TACCT-3’ 1997

PI2_FR P12 252 5'-TAAGAGCACTGTTCT
TAGTGG-3'

Six multiplex mixed fluorescent markers (100 mM) were prepared to be run on an
ABI 3500 X L (genetic analyzer DNA Hitachi, Tokyo, Japan)). Protocols for each
multiplex PCR (MP) were obtained using the Type-it Microsatellite PCR kit (Qiagen,
Germany). For each sample, a solution consisting of 1XMM (Master Mix), 1 mM Q-
Solution (Q), I mM multiplex mixture, 1ul ddH20 and 2l of DNA was prepared. The
following PCR conditions were used: initial denaturation at 95°C for 5 min, then 40
cycles at 95°C for 30 s., 58°C for 1 min 30 s. and 72°C for 1 min., followed by 60°C for
30 min and a final extension of 60° for 30 min. Amplifications were performed in a
gradient PCR Thermal Cycler (FlexCycler, Analytic Jena). Fragment analysis was
performed on the ABI 3500XL capillary sequencer (Applied Biosystems) according to
the manufacturer’s instructions, 1 pl of PCR reaction was diluted with 8,95 ul HiDi
formamide, 0,05 pl 600-LiZ (Applied Biosystems) and denatured for 5 min at 95°C.
After sequencing, genotype analysis (scorable peak assignment) was performed using
the software package GeneMapper® 5.0 and analyzed using the default values.

3. Results and discussion

In our experiments, we determined the molecular markers of resistance genes to
apple scab within 25 varieties of apple. But during the our study powdery mildew lesion
was observated in varieties of Azerbaijan. Therefore we used one molecular markers for
the powdery mildew resistance . The marker Hi08e04 was used for identification of
gene Rvi3 in 25 accessions of apple varieties. This marker also was found in scab
resistant cultivar Q71 (Geneva x Braeburn). Next, the molecular markers of scab
resistance gene Rvil was detected in 1 scab resistant cultivar. These molecular markers
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Vg12 SSR and Vg15_ SSR have been developed for Rvil by Cova et. al., (2015). These
markers are mapped on apple linkage group 12 and being placed at 0.12 cM from Rvil.
This scab resistance genes were identified in 5 Azerbaijan apple varieties: Gala, Granny
Smith, Kandil Sinap, Aport, Fuji. But marker Vg15 SSR of Rvil scab resistance gene
was detected introducted cultivar Gala. The The SSR molecular markers CH05e03 and
CHO03d01 have been developed for Rvill by Gygax et. al., 2004. These markers are
mapped on apple linkage group 2 (Patocchi et. al., 2005). The marker CH05e03 (SSR)
being placed at 0.6 cM from Rvill. This marker of Rvi2, Rvi4, Rvi9 and Rvill scab
resistance genes were detected in 4 apple varieties TSR34T15, TSR33T239, J34,
M.baccata jackii, but molecular marker CH03d01 Rvi9 and Rvill scab resistance
genes were detected in 2 apple varieties (Table 4). The gene Rvil2 was revealed by
CHO02c06 marker in Hansen's baccata accession including. The marker OPB18SCAR
have been developed for Rvi8 by Bus et. al., (2005a). This SCAR marker was detected
in B45 scab resistant cultivar. The marker CH04f03 has been developed for Rvil3 by
Tartarini et. al., 2004. This marker is mapped on apple linkage group 10 (Patocchi et.
al., 2005). The SSR marker of Rvil3 scab resistance gene were detected in 2 varieties
Durello di Forli and Apor (Table 4). The marker CH02b10 have been developed for
Rvi4 by Bus et. al., 2005. This gene was mapped on linkage group 2. This SSR marker
was detected in TSR34T15 scab resistant cultivar. Next, the molecular markers of scab
resistance gene Rvil3 was detected in 5 scab resistant cultivar. This marker is mapped
on apple linkage group 10 (Patocchi et. al., 2005). But our results were different to
published data for previously studied Durello di Forli cultivar (Patocchi et. al., 2005;
(Tartarini et. al., 2004). Marker CH02b07 amplified two fragments 111 bp and 126 bp
was observed in scab resistant cultivar Durello di Forli. Marker CH-Vf1 of Ri6 scab
resistance gene was detected only in Priscilla, Malus x floribunda 821, Antonovka
APF22 varieties (Table 4). These molecular markers have been developed by Vinatzer
et. al., (2004). Rvi6 and Rvil7 scab resistance genes have been closely mapped on LG1
according to the information given by Gessler et. al., (2006). Patzak et. al., (2011), did
not detect the molecular marker of the Rvil7 resistance gene in scab resistant cultivar
Antonovka. According to their information the cross-reaction between the molecular
markers of Rvi6 resistance gene and Rvil7 resistance gene was not confirmed. The
molecular markers FMACH_VM2 and FMACH_VM3 have been developed for Rvi5
by Cova et. al., (2015). The SSR marker of Rvi5 scab resistance gene was detected in 1
apple genotype 9-AR2T196. The molecular markers SSR-23.17 and SSR-24.91 have
been developed for Rvil2 by Padmarasu et. al., (2014). The markers of Rvil2 scab
resistance gene was detected in 1 scab resistance genotype Hansen's baccata. The
molecular markers CH02f06, Vr2C5’UTR and CHO02c02a have been developed for
Rvil5 by Patocchi et. al., (2004). The SSR markers CH02f06 of Rvil5 scab resistance
gene was detected in 10 apple varieties (TSR34T15, TSR33T239, Priscilla, J34,
GMAL2473, Gala, Granny Smith, Kandil Sinap, Aport and Fuji) and CH02c02a Rvi4
scab resistance gene was identified in 2 apple varieties (TSR33T239, GMAL2473). The
gene Rvi4 (Rvil5) was revealed by Vr2C5'UTR marker in 2 scab resistant varieties
GMAL2473 and TSR33T239. The molecular marker Hi07h02 has been developed for
Rvi5 by Patocchi et. al. 2009. This marker Hi07h02 of Rvi5 scab resistance gene was
detected in 1 scab resistant cultivar 9-AR2T196. The gene Rvil4 was revealed by
Vr2C5'UTR marker in 1 scab resistant cultivar Diilmener Rosenapfel. The AT20Scar
molecular marker of the powdery mildew resistance gene P11 was detected in 06005-55,
06006-8, 06006-57, Hansen's baccata and J34 (Table 4).
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Table 4. Detection of molecular markers (SSR and SCAR) of resistance genes within
varieties of apple

Scab resistance marker
Name
of cultivar e | @ .
Slelela 8|55 a2 8|2 ele|s|slgle|slelale|8]8]z
Q S = 2 2 T 7 Ie] N Y] & > > ~ @ [N < Q@ I Ire) N | | 3
o o o~ — @) 8] =] =] I T o I o =] ® o o =) 0 o~ 3
I o I S S| T |51 E || E I ||| T |@d| ||| a|<
S| T|® z | < |S|o|g|0|g|g|©°|o|<c<|]o|lo|@|C|c|o|l2|2|T
(] = > < o
w >
w
Fuji + + +
Kandil + + T
Sinap
Gala + + + +
Granny + + ¥
Smith
Aport + + + +
Royal Gala +
Golden T T
Delicious
TSR34T15 + + ¥ ¥ "
Q71 + +
(Geneva x
Braeburn)
TSR33T239 + + + + T
9-AR2T196 + + + +
Priscilla + + + +
M. x + +
floribunda
821
B45 + + +
J34 + + + + + +
AT723-6 +
Hansen's + + + + n
baccata#2
M.baccata + + +
jackii from
2010
Durello di + + T
Forli
Diilmener + + +
Rosenapfel
GMAL2473 + + + +
04214-79, + + +
Antonovka
APF22
06005-55 + T
06006-8 + + +
06006-57 + T T

The AT20Scar molecular marker of the powdery mildew resistance gene PI1
was detected in 5 apple genotypes (J34, Hansen's baccata#2, 06005-55, 06006-8,
06006-57), PI2_F/R molecular marker of the powdery mildew resistance gene P12 was
detected in 19 apple genotypes, but CH02d12 molecular marker of the powdery mildew
resistance gene PIm was identified in apple genotypes 06006-8 and 06006-57. The
SCAR molecular marker OPL19 have been developed by Bus et al. 2005b. Rvi2 and
Rvi8 scab resistance genes have been closely mapped on LG2 (Baumgartner et. al.,
2015). This marker OPL19 of Rvi2 and Rvi8 scab resistance genes were detected in
scab resistant varieties TSR34T15 and B45. This scab resistance genes were identified
in 5 Azerbaijan apple varieties.
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The molecular markers SSR-23.03, Rvil8-SSR, T6, NZmsCN943818 and
NHO030a of scab resistance genes Rvil2, Rvil8, Rvill, Rvil6; CH03c02 powdery
mildew resistance gene PI-d were not found in any scab resistant varieties, which we
used them in our experiment. Some markers like of these resistance genes were not able
to distinction between resistant and susceptible varieties, the main reason for that, the
sources of this genes have not been incorporated into new apple varieties (Erdin et. al.,
2006; MacHardy, 1996). Also were absent in any apple varieties of the Azerbaijan, we
were not able to detect these markers and as well molecular marker CH-Vf1 of the Rvi6
scab resistance gene. We think that, in our studied resistant varieties can be exploited
easily to breed scab resistance varieties using the aid of marker assisted backcrossing.

Furthermore, the assessment of apple scab lesion in the greenhouse was made to
Chevalier et al. (1991) was evaluated based on a 4-point scale and was with fragment
analysis results a comparative. Of Azerbaijan apple varieties demonstrated 3-resistant,
1-moderate susceptibility and 1-high susceptibility.

4, Conclusion

Our country has an important place in terms of apple genetic resources. The
results obtained show that, the Azerbaijan introduction varieties a variability of gene
specific markers to against pathogen. Considering the current values, the development
of quality apple varieties which are suitable for production areas, maturing at different
periods and resistant to common diseases such as scab, will provide high added value to
the country's economy and benefit to environment and human health. In the future new
sources of resistance can be used in resistance breeding programs.
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