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BACKGROUND AND OBJECTIVES

Apple is one of the most widely grown fruits in th@rld. A total of 71.7 million tons of
apple was produced on 4.957 million hectares irB2@hina was the leader of his own more
than 2 million hectares and more than 31 milliomstof crop quantity (FAOSTAT). Europe's
apple production is approximately 16 million toms 1025 million hectares. A total of 575.368
tons apple was produced on 36.644 hectares ofappldungary in 2009. Based on this data
Hungary was the"according to apple quantity, ahead Romania, SpaihAustria as well
(FAOSTAT 2010). With this volume of cropped aredyagrape proceeded apple production,
however, the harvest volume were ahead 25 thouseusdof the 550 thousand tons of grapes
in 2009. Over the past year, Hungary produced 8&8dgand tons of fruit (without grapes)
from which more than 60% was the apple’s rate (FA52010).

From geographical point of view, the most accemede center is Alma-Ata t (Father of
Apples) in Kazakhstan. In the previous literatufgwever, many other regions are
mentioned. According to others the gene center Western-Asia, Central-Asia, Middle-East
or Siberia. In the formation of European cultivaSuropean paradise appléldlus
paradisiaca), European appleM. sylvestris), Transylvanian crabM. dasyphylla), Caucasian
apple M. orientalis) and the early craliV. praecox) were possibly involved. Apple species
are characterized by high heterozygosity and censiide genetic variability.

Since apple is one of the most cultivated fruitsddve problems related to its cultivation is a
primary task. In our study we deal with solutions problems in apple production related to
plant breeding. During our research we focused hoaet major problems which will be

presented separately.

1.) RESISTANCE GENE ASSOCIATED MARKERS

In fruit production the diverse pathogens and peatscause a significant loss of yield. The
chemical control is important and indispensablesome cases, however, the need to reduce
the environmental chemical exposure as well as@uppchnologies which cause no danger

on human health are increasingly set forth.



In these efforts resistance breeding has a priooiy since its aims to develop diseases and
pathogens resistant cultivars. Further importareting objectives include self pollination,
eco-tolerance, fertility, yield, transportabiligtorage life and to improve the quality of fruit.

In case of resistance the main objectives incldeldpment of resistance in cultivars against
the two most important fungal disease powdery mald@odosphaera leucotricha) and scab
(Venturia inaequalis) as well as the bacterial disease fire blightwinia amylovora). The
most recent molecular strategies, such as develuopared application of resistance gene

analog (RGA) markers serve this purpose.

Resistance genes of various plants show a highedegf structural conservatism against
pathogens, they are the so-called nucleotide-bindite (NBS) or leucine-rich repeat (LRR)
sequences. Primers designed for these types oésegg allow us to identify markers which
are linked to resistance genes in the genome.

According to the related literature and the aforetio@ed results it seemed appropriate to
identify and test markers which are closely linkedesistance genes in order to ascertain the
presence or absence of resistance gene(s).

2.) MOLECULAR IDENTIFICATION OF HUNGARIAN APPLE GEN BANK
GENOTYPES AND COMMERCIAL VARIETIES BY SSR MARKERS

Increasing number of apple varieties (more thanthbusand types of the world) requires
clear and precise identification of individual ggmes and their good severability from other
clones, varieties, etc. For differentation two mgioups of marker are used, morphological
and molecular markers (now is increasingly commonuse). In case of morphological

markers the phenotypically appearing inherited ertgs are often not informative and

reliably enough and they can be affected by theremwment. In contrast, molecular markers
are not influenced by environmental and epistdfieces and their number is unlimited since,

in principle, all form of genome and their combinas are suitable for identification.



According to the related literature and the aforetio@ed results it seemed appropriate to
develop metholody which is suitable to determineotegular fingerprint” in case of each
variety studied as well as the use to determinie tngin (pedigree).

3.) MOLECULAR DIFFERENTATION OF BUD MUTANTS

Bud mutations can also be the starting materialeest varieties. These mutations result
phenotypic changes, such as fruit color or shajpe and shape of the tree, branching
tendency etc. Bud mutants are basically considasedlones of the basic variety that only

differ in one or a few mutant variant allel.

According to the related literature and the aforetio@ed results it seemed appropriate to
search and test molecular markers and techniquéshvdould be successfully applied to
detect the slight genetic differences existing agnbnd mutants. For this purpose AFLP
(Amplified Fragment Length polymorphism), SSR (SienBequence Repeats) markers and a
new S-SAP (Sequence-Specific Amplified polymorphigdethnique have been involved in
our study.

Presence of retrotransposons is often revealedidnniutations. S-SAP approach essentially
is polymorphism detection of retrotransposon bomdeDNA sequences which may allow the
separation of molecular clones of each budmutamipg.



OBJECTIVES

1. Our purpose was to detect, analyze and test lilR@@As which are suitable to detect
the presence or absence of resistance gene(s3ernotahe two most important fungal
diseases, powdery mildewddosphaera leucotricha), scab Yenturia inaequalis) and
the bacterial disease firebligHgrfvinia amylovora).

2. Our purpose was to find SSR markers which are #ffedo prepare and detect
microsatellite fingerprint from genotypes of Applenbank Hungary (40 cultivars
and varieties). Also our goal was to compare degrdras resulted by our 6 primers
with the 9 SSR markers of the European standardinsetase of 37 examined
genotypes focusing on their affinity.

3. Our purpose was to find and test such moleculakenarand techniques which can
successfully detect mutations, their locationshiea genome and differentiate among

bud mutants.

MATERIALS AND METHODS

Plant material:
Young apple leaves used for DNA purification weodlected at the Research and Extension
Centre for Fruit Growing, Ujfehérto, Hungary. Senthe experiments have three main areas

the choice of plant material was also different.

* Resistance gene associated markers (3 resistadt susteptible cultivars)

* Molecular identification of Hungarian apple genbag&notypes and commercial
varieties by SSR marke(40 varieties and 66 commercial cultivars)

* Molecular differentiation of bud mutants (26 budtamis from 3-3 bud mutant types

and groups)
DNA extraction:
DNA was isolated from young apple leaves with DNeREnt mini kit (Qiagen, Biomarker

Kft., G6dollo) according to the manufacturer’s protocol.

After DNA isolation the approaches differed eachh&im are discussed separately:



RESISTANCE GENE ASSOCIATED MARKERS

Design of degenerated primers

From NCBI (National Center for Biotechnology Infaation) database 10 known resistance
gene sequences isolated from different plant spewere collected. Amino acid and
nucleotide sequences were aligned with BioEditvemfe (version 7.0.5.3) (Hall et al. 1999).
The most conserved regions — showing only smaleidihces among plant species in their
amino acid sequences — were selected and degeperatrs were designed based on their
nucleotide sequences. Designed oligonucleotides sigrthesized by Csertex and BioScience
Ltd.

PCR reaction with degenerate primers

The PCR (Polymerase Chain Reaction) reactions wertormed with a Perkin-Elmer
GeneAmp 9700 instrument in a final volume of (@0 The reaction mixture included the
following components: 40 ng template DNA; 1 x PQRfér; 3 ul dNTP; 1.5 pul MgGj 0.75-
0.75 ul each of the forward and reverse primer3;l Red-Taqg DNA polimerase (Sigma).
The cycling profile consisted of an initial denattion step for 2 min followed by 35 cycles of
10 seconds at 9€, 30 seconds at 53 and 60 seconds at @2 The amplification process

was finished with 5 min extension step atG@2

Cloning fragments into plasmid vector

PCR products were cloned into plasmid vectors b¥MG-easy vector system (Promega).
For ligation the following components were measuged| PCR product, 1 ul Teasy vector, 5
pl buffer, 1 ul T4 DNA ligase and 1 pl ligase buffdixture was incubated overnight at
16°C.

Transformation of competent cells

To transform competent cells, Qiagen EZ competeli$ ¢stored at -7@) were used: 1.5 pl
ligatures were added to 200 pl competent cellserAfticubation on ice for one hour heat
shock was used (90 seconds &CG)2and 800 ml SOC medium was added. This was feltbw
by culturing at 37C for one hour then samples were centrifuged fanift. Cells were

suspended in 100 ml of fresh SOC medium then ¢didnedium containing ampicillin (50



pg/ml) and selection marker (10 pl X-gal (50 mg/ml) ul(0,1M IPTG) were used for blue-

white selection.

Testing of recombinant bacteria - Colony PCR

From white colonies growing on selective LB a snmait was taken with sterile toothpicks
and was suspended in 50 pl sterile water. Theras placed into boiling water for 5 minutes
followed by a 1 minute centrifugation step. 4 pltloé supernatant was used as template for
PCR reaction. The reactions contained the follovdamponents: 4 ul supernatant; 1 x PCR
buffer; 3 ul dNTP; 1.5 ul MgGJ 0.75-0.75 ul of each forward and reverse degéedra
primers; 1.2 U Red-Taq DNA polimerase (AgBiotechhe cycling profile consisted of an
initial denaturation step of 2 min at @l followed by 35 cycles of 20 seconds at®@430
seconds at 6Z and 60 seconds at°2 The amplification process was finished with mis

polymerisation at 7ZC.

Plasmid isolation

Plasmid was isolated from positive samples of cpl&®CR by Plasmid Miniprep kit
(BioRad). Exact DNA concentration was determined byanoDrop ND-1000
spectrophotometer. For sequencing the concentratsnadjusted to 100 ng/ul, from which 5

pl (500 ng) was loaded to the capillary electropk@ device.

Sequencing and sequenogram analysis

Sequencing reactions were carried out in MBK (Agjticral Biotechnology Center) by ABI
Prism 310 (Applied Biosystems) device with the mseey degenerate primers for
amplification. Chromas (version: 2.31) computergoaon was applied for chromatograms.
BLAST (Basic Local Alignment Search Tool) analysias performed at the NCBI website

for sequence analysis.

Designing and testing of SCAR markers

For individual amplification of the previously obtad fragments SCAR (Sequence
Characterised Amplified Region) markers were designy Primer 3 software. After primer
synthesis PCR reaction was started with SCAR psimmiEne PCR reaction differed from the
previously described colony PCR only in the primegoplied.



MOLECULAR IDENTIFICATION OF HUNGARIAN APPLE GENBANK
GENOTYPES AND COMMERCIAL VARIETIES BY SSR MARKERS

Microsatellite analysis:

The PCR reactions were performed in a final volwh20 ul, the reaction mixture contained
the following components: 40 ng template DNA; 1@RPbuffer; 3 ul dNTP; 1.5 ul Mggl
0.75-0.75 pl of the forward and reverse SSR prim&rg2 U Red-Tag DNA polimerase
(Sigma). The cycling profile consisted of an iditi@naturation step of 2 min followed by 35
cycles of 20 seconds at @2, 30 seconds at 3Z and 60 seconds at°T2 The amplification
process was finished with 5 min at®@2 Microsatellite analysis was performed accordmg
Galli et al. (2005) and Garkava-Gustavssl. (2008).

Molecular markers used for the study:

For microsatellite analysis fluorescent labeledmgris were used as follows: CH03g07,
CH04g10, CHO04e03, CHO05c02, CHO05d11, CHO05e03, CHB®1dDHO01h02, CHO02c06,
CHO02c09, CH02c11, CH02d08, CH04c06, CHO4e05, CQOéhfhardet al. 2002).

ALF-Automatic Laser Fluorescent analysis:

PCR products were separated on a 5% denaturinga@glgmide gel (Reprogel, GE
Healthcare Biosciences, AP Hungary Kft., BudapeAtlele sizes were determined with
ALFexpress Il DNS analyzer (Amersham BioscienceB, lAungary Kft., Budapest) using

ALFexpres$" sizer as a molecular weight standard and Alwin fexf analyzer software.

Evaluation of allele size data:

For cluster analysis, each detectable allele wasedcas present (1) or absent (0) in all
varieties. This resulted in a 40 X 71 matrix iseaf the 6SSR marker and a 37 X 87 binary
matrix in case of European markers. When commeiatittivars were involved into the
comparison a 105 X 78 matrix was applied for sintyadetection. All earlier described
alleles (Galliet al. 2005) were present in case of varieties, howewnesextra alleles were
determined only in varieties. When the two setr{@ & SSR) were examined together a 37 X
158 matrix was applied. European markers were egpph case of bud mutants (27 X 107
matrix) as well. For further analysis unweightedr mgoup method using arithmetic means

(UPGMA) was used and dendrogram was constructectdbas Jaccard’s similarity



coefficients (Jaccard 1908) by the statistic sofemaackage SPSS 17.0 for Windows (SPSS
Inc., USA).

Based on the frequencies of observed microsatdlileles, Polymorphism Information
Content (PIC) was calculated by the formula: PICEf where ‘pi’ is the frequency of the
ith allele of each SSR marker (Andersaral. 1993). It is essentially the same as the index of
heterozygosity. To find the optimal combination amginimum set of markers for
identification, 40 different varieties (N=40) weaealyzed according to Tessktral. (1999).
The probability of identity (PI) of obtaining tharme SSR profile for two randomly chosen

Pl = ﬁCi
=

apple cultivars was calculated by the: formula.

MOLECULAR DIFFERENTATION OF BUD MUTANTS

Microsatellite analysis:

The 9 applied pairs of oligonucleotide primers bgldo the “standard set” defined by the
European working group on apple genetic resouifes.PCR reaction and the evaluation of
alleles are identical with the previously descitmgproach under the heading “Molecular
identification of hungarian apple genbank genotypesl commercial varieties by SSR

markers’

AFLP analysis:

By using AFLP technique it is possible to detece dmase pair difference. Restriction
endonucleases (adaptoEcoRI 33, EcoRI 36, EcoRI 37, EcoRl 44, Msel 48, Msel 55, Msel
60, Msel 61) were applied in order to increase sensitivity.tddgon was performed in

polyacrylamide gels.

S-SAP analysis:

Altogether, three ‘Ret-LTR’ primers were design&®e{-LTR1: 5" — AAA TGG AGT GAC
AGA CGG GT - 3, Ret-LTR2: 5" — GGA GGG TTT TGA GGBTG TG - 3, Ret-LTR3:

5 — CCT TCG GGA TGG GGT GTG TC — 3’) for the lotgrminal repeat (LTR) regions of
all available apple retrotransposon sequences (ND81AJ291492, DQ898280, AM167520)
until the start of this project. These primers wkalgeled by Cy-5 and were used in S-SAP



analysis with a combination of pne AFLP primer. P@Bducts were diluted to 20x and used
for selective amplification where one labeled R&RLprimer was used in combination with
an adaptorspecific primer that included three aalbil selective nucleotides at the 3’ end
(Mse-48: 5 — ~ CAC — 3’ vagy Mse-55: 5" — ~ CGA3~vagy Mse-60: 5" — ~ CTC — 3’ vagy
Mse-61: 5 — ~ CTG — 3’ vagy Eco-33: 5 — ~AAG — &gy Eco-36: 5’ — ~ACC — 3’ vagy
Eco-37: 5 —~ACG - 3’ vagy Eco-44: 5 — ~ATC - 3)

RESULTS

RESISTANCE GENE ASSOCIATED MARKERS

The applied molecular approaches: bioinformatialysis of NCBI database, design of
degenerate primers and PCR reaction with degengmateers. Cloning fragments into

plasmid vector, then transforming competent célissting recombinant bacteria - colony
PCR. Plasmid isolation, sequencing and evaluatfosequences. SCAR marker design and

testing.

We were looking for sequences that are identicalifferent plant species or at least show a
high rate of homology. We were seeking conservgins of plant resistance genes in NCBI
gene bank for designing degenerate primers. Biaadttvare was applied for alignment of

different conserved regions from different plants.

With these primers we were able to amplify fragmeinbm both TIR-NBS-LRR and CC-
NBS-LRR type resistance genes. After designing ghmers PCR reactions were started
using isolated DNA from resistant and susceptildaagypes as template. Since it is well-
known that in plant genome hundreds of this kinds@fluence exists we expected that we
might obtain fragments which appear only in resistgenotypes. Unfortunately, we could not
detect any size difference. Same size fragment® wbtained in high copy number for

disease resistant and susceptible genotypes as well

Subsequently, amplified fragments with TIR1 F-ando®b-R degenerate primers were
cloned into pGEM T-easy vector. For ligation PCRdurcts were used in order to clone all
sequences which have the same size but differgoesee. From white colonies regrown in

selective medium masterplate was created.



PCR was started with the same degenerate prin@rsdolonies which remained white after
a few days. With these primers amplification of finegments was performed. With this

approach we have propagated the unique cloned iseggie

Purified plasmid DNA was isolated from 12 colonwelsich were positive with colony PCR.
For fragment sequencing T7 and SP6 universal psmere used. Their nucleotide sequences
were converted into amino acid sequences by Bisaditvare then similarity was examined
with other RGA candidates at amino acid level. \BIbAST application protein sequences
which probably have an important role in variousisgnces were compared to our amino

acid sequences.

The evaluation revealed that 5 RGA candidates (NEBIEF455013-EF455017) do not
contain any sequence motifs essential in resistateeelopment according previous
publications. These motifs are present in eaclstaste gene and RGA. However, in case of
other 9 RGAs, the alignment proved that resistgmatterns (P-loop, RNSB-A, Tyrosine
kinase-2, RNSB-B,-C RNSB, GLPL) are present andwshigh level of homology at amino

acid level with previously descibed RGA sequences.

In order to identify these RGAs, these were comeerto SCAR markers. In all cases
(resistant, susceptible subjects) - except for geeotype - SCAR markers reproduced the
same size of fragment. Since plant genome contawes hundreds of sequences which
contain the conserved regions that we tested, fossible that the isolated fragments are

responsible for the general resistance of plants.

Only in case of Arga-4 primer a fragment withoutetence between resistant and susceptible
subjects was received. There was no amplified feagrm case of 'Remo’ variety. As in the
rest of resistant subjects amplified fragments wagtected in all case, we conclude that a
mutation might have happened at the primer hylaithn site in case of 'Remo’ and this is
why Arga-4 SCAR marker is not successful for fragimamplification. Further tests are

necessary.



MOLECULAR IDENTIFICATION OF HUNGARIAN APPLE GENBANK
GENOTYPES AND COMMERCIAL VARIETIES WITH SSR MARKERS

Applied molecular techniques: selection of SSR prenand start of PCR reaction.
Determination of allele sizes on polyacrylamide, gtistical evaluations and dendrogram

preparation.

Each of the applied 6 SSR generated reliable matetide alleles in all 40 genotypes
(cultivars, varieties). A total of 71 polymorphitledes were amplified (average 11.8 allele /
locus) and average PIC values (0.8) of markersqatdw be high. The repeated PCR reactions

showed the same results.

The probability of that two randomly chosen vaastidisplay the same genotype at all
investigated loci was calculated to be very lows®x 10° which means 1 : 39525). This

confirms the high potential of SSRs for differerieta of apple varieties.

In the next step the similarity matrices were clalted from 66 previously described
commercial cultivars (Gallet al. 2005) in order to compare the results with thatthe
varieties. In case of commercial varieties PIC galwere very high, especially in case of
CHO04e03, CHO5d11 markers. However, according to\Rldes the examined varieties (40)
were more different from each other (average PI®) @han the commercial varieties
(average PIC: 0.72). The comparison also showet ttteme are many more similarities
among varieties than among the tested commerciavars. The comparison of PIC results
also shows that the ancestors of commercial cutipeesumably with a much smaller plant
material have been selected since the average &l€s/showed a smaller value than in case

of varieties.

In the next step, "European Standard” marker st adopted for 37 varieties. A total of 84
polymorphic alleles were amplified (average 10.klal/ locus) and average PIC values
(0.72) of markers proved to be high. CH02c06 mapkeved to be the best with its 15 alleles
for distinction while CHO4c06 proved to be the westkwith its 4 amplified alleles. Two
markers (CH0406 and CH01h02) proved to be mulii loc



CHO05d11 (0.86) and CHO05e03 (0.84) markers showgh RIC values comparing with
markers from “European Standard” set markers. inominion, it would be worth to replace
multi loci markers (CHO1h02 and CHO04c06) to mark#i05d11 and CHO05e03 and this

would increase the suitability of the series (agerRIC would increase from 0.78 to 0.84).

When comparing the dendrogram results of the twikenasets, only ‘Ujvarbszi’ and ‘Nyari
fontos’ show high degree of resemblance. In cas®ler varieties, however, very significant
differences observed. Results of the two analyser® wot overlapping, only the extremely
high homology can be detected in both cases. Tdtenigue — because of the results of the
two different series — is not considered to deteatd the relationship between species,
however, as the results show, identification awthison of varieties specifically suited to the
SSR technique.

With all of these data a webbased databank werablested — Hungarian Apple
Microsatellite Databank (MAMA:Magyar Alma Mikroszatellit Adatbank) — containing all
SSR allele sizes of the examined cultivars (bottmroercial and cultivars from this study).
Since the aforementioned markers showed enough rptmwvdiscriminate the cultivars we
recommend to employ these for determining the diffees and phylogenetic distances of
various apple cultivars. The webbased databankbwayseful for breeders, breeding agencies
and propagate institutes to determinate cultivarsestheir work could be done easier and

more controllable.

MOLECULAR DIFFERENTATION OF BUD MUTANTS

Applied molecular techniqueSSR, AFLP and S-SAP.

Results of fingerprints of varieties proved theatality to differentiate apple genotypes using
microsatellite markers. Based on these results, tieel to discriminate bud mutants
molecularly using already described SSR markerserAthe 6 set series of SSR markers
(Galli et al. 2005) proved to be unsuitable fostpurpose the new European SSR set (9 SSR
markers) was involved in our experiment. Howeves,were not able to detect even a single

base-pair difference within bud mutants by the figgolution ALF Express Il machine.



Subsequently, AFLP technique was applied which datect one base pair difference.
Different restriction enzymes were used in ordeintvease the resolution. In some cases, we
were able to detect fragments successfully whichewnrissing in other sports. However,
SCAR markers converted from polymorphic AFLP fragisedid not appear to be suitable for
the separation of sports. The detectable differemeenain unique and have non genotype-
specific nature. In this way they were able to detifferences between individuals — which
was not included among our objectives — and navdéet bud mutants. In conclusion, AFLP

technique was not adaptable to detect polymorpbistween sports.

Since neither SSR nor AFLP techniques were suitabéehieve our goal we involved S-SAP
technique for trial. With the development of S-SAP became possible to detect
displacements of retrotransposons within the genoiifd@s technology combines the
resolution ability of AFLP technique with selectedmer sequence specificity (in this case,
the target sequences for LTR elements in the genokitegether 24 primer combinations (3
Ret-LTR 8 adaptor specific primers) were carried, doeir PCR products were visualized.
11-71 multiple bands were produced (altogether 4@@8 the 24 primer combination)

suggesting that the copy number of these retrgi@st elements is relatively high in apple
genome. Ret-LTR3 + EcoRI-33 primer combination picet the most while Ret-LTR2 +

Msel-55 primer combination the less multiple ba®drprisingly, only one combination (Eco-
33 and Ret-LTR1) was appropriate for identifyinglypoorphism between the progenitor
‘Jonathan’ and its bud mutants. In other casespthtants were indistinguishable from each
other; differences were not found even betweerewifit individuals within the same somatic

mutants. Converting the found bands into a moiialbykd SCAR marker is under progress.

NEW SCIENTIFIC RESULTS

RESISTANCE GENE ASSOCIATED MARKERS

* 14 candidate RGA fragments were cloned and suadbssiploaded to the NCBI
database. Out of these, 9 sequences after seqgedemonstrated that they are
conservative regions of known partially homologarshomologous resistance genes.
From this we concluded that we cloned and tested R&didates that may be involved

in the development of resistance.



From the examined 9-RGA markers 8 SCAR markers ifiegpfragments which were the
same in both susceptible and resistant varietiesn Fhis we concluded that we isolated
and tested SCAR markers which are available in bet¢istant and susceptible varieties.
They can be specific fragments of genes involvedha response against infection of
plants.

Only in one case (Arga-4 primer) we were not aleamplify fragment in resistant
'Remao’. Since in case of other cultivars we weite eamlify fragments we suppose that
'Remo’ cultivar suffered mutations in the primearkliregion hereby designed Arga-4

SCAR primer can not amplificate.

MOLECULAR IDENTIFICATION OF HUNGARIAN APPLE GENBANK
GENOTYPES AND COMMERCIAL VARIETIES BY SSR MARKERS

Molecular fingerprints of six loci in case of 40mpypes (varieties, landraces, and clones)
were determined from Hungarian apple gene bank taiagd at Ujfehért6. Applied
primer-pairs for were able to distinguish all sengtypes from each other.

Molecular fingerprints of eight loci (European Slard Set) in case of 37 genotypes
(varieties, landraces, and clones) were determinech Hungarian apple gene bank
maintained at Ujfehért6. The results demonstras the primers used were useful in
molecular characterization of each item.

Results from 6 SSR standard and 8 SSR markers coenpared and based on this, we
proposed to substitute 2 multi-loci markers (CH®.lshd CHO4c06) from the standard
set to markers (CH05d11 CH05e03) which had givenhibst results in case of 6 SSR
markers. These can further improve average PlGesdld.78 -> 0.84).

37 genotypes (varieties, landraces) from the Huagaapple gene bank collection were
analized with two different series of primers (6da@ SSR primers). Dendrograms
demonstrated that SSR method is indeed capableistihgliishing among species,
however, is unsuitable to determine genetic digtarispecies.

We took part in the creation and expansion of HuagaApple Microsatellite Database.

MOLECULAR DIFFERENTATION OF SPORTS
Molecular technique (SSR, AFLP) failed to discriati® between different apple clones and

their progenitors. This may lead to the conclugtat the testing methods of the genome non-

coding part are unsuitable for the molecular deteatf differences between sports.



* The increasing number of experimental results ete that retrotransposons are involved
in the molecular background of bud mutants. With tise of retrotransposon sequence-
specific approach (S-SAP method) we were able fterdntiate between 'Jonathan’ basic

varietie from and bud mutants.
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