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MOLEKULARNI MARKERI T OPLEMENJIVANJE BILJAKA
- MOGUCNOSTI I PERSPEKTIVE

Borislav Kobiljski

Institut za ratarstvo i povrtarstvo, Novi Sad

U poslednjih 25 godina, u€injen je zna¢ajan napor u razvoju biotehnoloskih pristupa
koji su za cilj imali unapredenje oplemenjivanja biljaka. Medu njima, kao najkorisniji
su se pokazali molekularni markeri (MM). Marker asistirana selekcija (MAS) danas
ima znacajnu ulogu u oplemenjivanju biljaka, a primeri geneticke karakterizacije i
unapredenja mnogih biljnih vrsta su dobro dokumentovani. MM nam omogucavaju
da procenimo osnovu agronomski vaznih svojstava i da ubrzamo prenos i
akumulaciju poZeljnih svojstava u elitni oplemenjivacki materijal. Takode, MM su
vazni u proceni biodiverziteta, istraZzivanju populacija biljke i patogena i njihovih
interakcija, identifikaciji sorti itd. Jasno je da ce se tehnologija i dalje razvijati, jer su,
u potrazi za jo§ efikasnijim 1 jeftinijim markerima koje bi oplemenjivaci 21. veka
koristili, novi sistemi detekcije i metodologije vec razvijeni. U ovom radu, razmatran
je pregled trenutnog stanja i mogucnosti za implementaciju molekularnih markera u
oplemenjivanju biljaka.

MOLECULAR MARKERS AND PLANT BREEDING
- FEASIBILITIES AND PERSPECTIVES

In last 25 years, considerable emphasis has been placed on the development of bio-
technological approaches for enhancing plant breeding. Among them, the most use-
ful proved to be molecular markers (MM). Marker-assisted selection (MAS) now
plays a prominent role in the field of plant breeding, while examples of significant
role in the genetic characterization and improvement of many plant species are well
documented. MM contributed to our abilities to assess genetic basis of agronomic
traits and to facilitate the transfer and accumulation of desirable traits into elite
breeding material. Also, MM have been useful in the assessment of biodiversity, the
study of plant and pathogen populations and their interactions, identification of
plant varieties etc. It is already clear that the technology will continue to move on as
new detection systems and methodologies are already developed in the search for
even more efficient and cost effective markers to be used by the breeders of the 21st
century. In this paper, the overview of the present status and the possibilities for
implementation of the molecular markers in plant breeding has been discussed.



MOLEKULARNI MARKERI - PODELA I KARAKTERISTIKE

Ankica Kondié-Spika i Borislav Kobiljski

Institut za ratarstvo i povrtarstvo, Novi Sad

Poznavanje geneticke divergentnosti u elitnom oplemenjivackom materijalu ima
znacajan uticaj na poboljSanje gajenih biljaka, efikasno koriSéenje poZeljne
varijabilnosti germplazme i odabir pozeljnih genotipova za razli¢ite oplemenjivacke
ciljeve. Geneticka divergentnost moZe se utvrditi na osnovu pedigre analize,
fenotipskih podataka ili molekularnih markera. Pedigre analiza i fenotipska
evaluacija geneticke divergentnosti imaju brojna ogranicenja, koja su u velikoj meri
prevazidena razvojem molekularnih markera. Njihova prednost zasniva se na tome
da su molekularni markeri gotovo neograniceni po broju i nisu pod uticajem faktora
spoljne sredine. Molekularni markeri se razlikuju u pogledu potrebne tehnicke
opremljenosti laboratorija, troSkova i1 brzine rada, mogucnosti za detekciju
polimorfizma itd. Iako je svaki marker sistem povezan sa odredenim prednostima i
nedostacima, izbor sistema najcesce je diktiran planiranom primenom, opremom i
troskovima. U ovom radu predstavljen je razvoj pojedinih tipova molekularnih
markera, njihova podela i osnovne karakteristike, te analiza prednosti i nedostataka
kod, do danas, najcesce koriScenih tipova molekularnih markera.

MOLECULAR MARKERS - CLASSIFICATION
AND CHARACTERISTICS

Knowledge of genetic diversity in elite breeding material has a significant impact on
the improvement of crop plants, efficient utilization of eligible germplasm polymor-
phism and genotype selection for different breeding objectives. Genetic diversity can
be assessed based on pedigree analysis, phenotypic data or molecular markers. Pedi-
gree analysis and phenotypic evaluation of genetic diversity have a number of limita-
tions, which have largely been exceeded by the development of molecular markers.
Their advantage is based on fact that molecular markers are almost unlimited in
number and are not influenced by environmental factors. Molecular markers differ
in terms of laboratory technical requirements, cost and speed of work, capability for
polymorphism detection, etc. Although each marker system is associated with some
advantages and disadvantages, the choice of the system is dictated by the intended
application, equipment and the cost involved. In this paper, retrospection will be
given on the development of different types of molecular markers, their classification
and basic characteristics, as well as analyses of advantages and disadvantages of, to
date, the most commonly used types of molecular markers.



GENETICKI MATERIJAL KOJI SE KORISTI U RADU
SA MOLEKULARNIM MARKERIMA

Dragana Kac¢avenda, Ankica Kondié-Spika i Ljiljana Brbakli¢

Institut za ratarstvo i povrtarstvo, Novi Sad

Poslednjih godina sve vise se istiCe znacaj MAS (Marker Asistirane Selekcije) u
oplemenjivanju organizama. Kao jedna od najznacajnijih prednosti primene
molekularnih markera u evaluaciji genotipova navodi se njihova pouzdanost, jer su
nezavisni od faktora spoljne sredine. Presudnu ulogu u istraZivanjima i primeni
dobijenih rezultata u ovoj oblasti, pored odabira odgovarajuceg marker sistema, ima
i izbor genetickog materijala. Do sada je stvoreno nekoliko razli¢itih vrsta
genetiCkog materijala za rad sa molekularnim markerima, od kojih su najznacajniji:
dihaploidne populacije, rekombinovane inbred linije, izogene linije, inbred linije iz
povratnih ukrStanja, insercione i substitucione linije.

U radu je dat pregled razlicitih vrsta genetickog materijala, kako bi se ukazalo na
mogucnosti njihove primene u radu sa molekularnim markerima 1 olakSao izbor
adekvatnog materijala, sa ciljem validne primene u oplemenjiva¢kim programima.

BREEDING MATERIAL USED FOR
MOLECULAR MARKERS ANALYSIS

In recent years considerable emphasis has been placed on the MAS (Marker As-
sisted Selection) as a significant tool in breeding. One of the most important advan-
tages of molecular markers use in genotypes evaluation is their independence on en-
vironmental conditions. The choice of appropriate breeding material, as well as of
adequate marker system have significant role for research and application of ob-
tained results in this field. Some of the most common types of breeding material that
is used in molecular marcer analysis are: double haploids, recombinant inbred lines,
near-isogenic lines, backcross inbred lines, introgression lines and chromosome
substitution strains.

Different types of breeding material is reviewed in this paper with emphasis on possi-
bilities for their application in molecular marker analysis in order to facilitate choice
of appropriate material and to provide adequate application of obtained results in
breeding programs.



TEHNICKI I EKONOMSKI ASPEKTI LABORATORIJE
ZA MOLEKULARNE MARKERE

Ljiljana Brbakli¢, Ankica Kondi¢-Spika i Dragana Kag¢avenda

Institut za ratarstvo i povrtarstvo, Novi Sad

Laboratorija za molekularne markere zahteva sofisticiranu infrastrukturu i znacajna
ulaganja, koja ukljucuju specijalizovanu opremu, prostorno organizovanu labora-
toriju 1 adekvatno obucene kadrove. Standardne metode moderne biotehnologije,
zasnovane na DNK, kao §to su izolacija DNK, elektroforeza, izvodenje lancane
reakcije polimeraze (PCR) itd., koriste se u gotovo svim marker sistemima. Svaki od
ovih segmenata zahteva odgovarajucu opremu i reagense. Nezavisno od vrste
koris¢enih markera, biotehnoloska laboratorija mora imati i neophodne instrumente
za ekstrakciju, preciSéavanje, amplifikaciju, cuvanje i kvantitativnu i kvalitativou
analizu DNK. Ekonomski aspekti laboratorijske opreme zavise od vrste markera
koji se koriste, vrste materijala, kapaciteta rada, itd. Rad laboratorije se mora
zasnivati na ispunjenosti osnovna dva principa: ekonomicnost i efikasnost rada. U
ovom radu su razmatrani tehnicki 1 ekonomski aspekti osnivanja i rada laboratorije
za rad sa molekularnim markerima.

TECHNICAL AND ECONOMICAL ASPECTS OF
MOLECULAR MARKER LABORATORY

A plant molecular marker laboratory requires sophisticated infrastructure and con-
siderable investments which include specialized equipment, spacial organization and
appropriately trained personnel. Standard DN A-based methods of modern biotech-
nology, such as DNA isolation, electrophoresis, polymerase chain reaction (PCR)
etc. are used in almost every marker system. Each of these methods require adequate
instruments and reagents. Independently on marker types used, laboratory for bio-
technology must be equipped with apparatures for extraction, purification, amplifi-
cation, storage as well as qualitative and quantitative analyses of DNA. Cost of labo-
ratory equipment is dependent on the nature of markers used, the type of material
being processed, working capacity, etc. In laboratory work two primary principles:
economy and efficiency in work must be fulfilled. In this paper technical and
economical aspects of establishing and operating a laboratory for molecular markers
have been considered.



PRIMENA MOLEKUALRNIH MARKERA U OPLEMENJIVANJU
PSENICE NA OTPORNOST NA RPU

Laszl6 Purnhauser, Maria Cs6sz 1 Melinda Tar

Cereal Research Non-profit Company, Seged, Hungary

Uprkos dostupnosti nekoliko gena za rezistentnost na rdu, tradicionalni nacin

prenosa gena za rezistentnost u genotipove pSenice je veoma naporan i dugotrajan

proces. Poslednje decenije se primena PCR-zasnovanih markera za prenos gena za

rezistentost u pSenicu pokazala kao veoma obecavajuca smanjivanem vremena i

troSkova. Mi smo zapoceli primenu molekularnih tehnika u oplemnjivanju pSenice

pre jedne decenije. NaSe polje istrazivanja i rezultati su sledeci:

1. razvoj novih molekularnih markera povezanih sa razli¢itim genima za rezistentnost
na lisnu rdu, kao Lr20, Lr29 1 Lr52

2. identifikacija gena za rezistentost na rdu kao Sr36 u selekcionisanim linijama 1 oko
200 sorti, priznatih u Madarskoj, koriS¢enjem molekulernih markera

3. koriSéenje marker asistirane selekcije za prenos razliitih translokacija nosioca gena
za rezistentost ili kompleksa otpornosti kao Sto su Lri19/Sr25; Lr20/Sr15, Lr24/Sr24,
Lr34/Yrl8, Lr37/Yr17/Sr38 1 Lr46/Yr2, Lr21, Lr29, Sr36, Yr5, Yrl5 u nekoliko madarskih
sorti pSenice.

THE USE OF MOLECULAR MARKERS IN THE BREEDING
OF WHEAT FOR RUST RESISTANCE

In spite of the fact that several effective rust resistance genes are available the tradi-

tional way of their transfer to wheat cultivars is very laborious and time consuming

process. In the last decade, PCR-based markers have shown great promise in lessen-

ing the time and expense for transferring resistance genes into wheat. We started the

use of molecular techniques in wheat breeding a decade ago. Our fields of research

and results are:

1. the development of new molecular markers linked to different leaf rust resistance
genes, like Lr20, Lr29 and Lr52

2. the identification of rust resistance genes like Sr37 and Sr36 in breeding lines, and in
about 200 cultivars registered in Hungary using molecular markers

3. the use of marker assisted selection to transfer different translocations carrying resis-
tance genes or resistance complexes like Lr19/Sr25; Lr20/Sr15, Lr24/Sr24, Lr34/Yr18,
Lr37/Yr17/Sr38 and Lr46/Yr2, Lr21, Lr29, Sr36, Yr5, YrlS into several Hungarian
wheat cultivars.



MARKER ASISTIRANA SELEKCIJA U
OPLEMENJIVANJU PSENICE NA KVALITET

Dragana Obreht!, Borislav Kobiljski?, Mihajla Pan! i Ljiljana Vapal

1Prirodno-matematicki fakultet, Novi Sad
’Institut za ratarstvo i povrtarstvo, Novi Sad

MImplementacija marker asistirane selekcije (MAS) u oplemenjivacke programe
omogucava procenu genetickog potencijala genotipa bez potrebe za predhodnom
fenotipskom evaluacijom. ehanizami koji ¢ine biohemijsku bazu tehnoloskog
kvaliteta pSenice danas su dobro prouceni. Pored toga, nau¢noj javnosti su dostupni
podaci o DNK sekvencama gena koji kodiraju funkcionalne proteine glutena, kao i
tehnike PCR-zasnovanih markera. Sve ovo omogudava razvijanje serije
dijagnostickih DNK markera za polje proucavanja tehnoloSkog kvaliteta pSenice.
Rezultat oplemenjvackih programa pSenice Instituta za ratarstvo 1 povrtarstvo u
Novom Sadu je veliki broj visoko kvalitetnih sorti namenjenih proizvodnji hleba.
Tokom posledjih dvadeset godina u programima oplemenjivanja na kvalitet pored
pracenja osnovnih komponenti tehnoloSkog kvaliteta koriSteni su 1 podaci o
kompoziciji glutenina velike molekulske mase (HMW-GS). U cilju unapredjenja
domacih oplemenjivackih strategija razvija se 1 primena razli¢itth PCR-zasnovanih
markera. Cilj ovog rada je pregled tipova dijagnostickih markera koji se trenutno
koriste u inostranim 1 domacim selekcionim programima.

MARKER ASSISTED SELECTION IN BMQ
RELATED BREEDING PROGRAMS

Implementation of marker assisted selection (MAS) in breeding programs could al-
low genetic potential assessment of genotypes prior to their phenotypic evaluation.
The mechanisms underlying some quality traits in wheat are now understood. This
knowledge, coupled with the availability of the DNA sequences of the genes encod-
ing gluten proteins and the wide application of the PCR, has enabled the design of di-
agnostic DNA markers for these quality traits. Bread wheat breeding programs de-
veloped in the Institute of Field and Vegetable Crops in Novi Sad have resulted a
wide range of high quality cultivars intended for bread making. During twenty years,
in the process of bread-making quality prediction, composition of HMW glutenin
subunits were analysed beside standard technological parameters. However, in order
to improve our breeding strategies new generations of PCR-based BMQ related
markers were included in selection programs. This paper provides an overview of di-
agnostic DNA markers that are currently in use in foreign and domestic wheat
selection programs.
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EVALUACIJA Rht GENA PSENICE PRIMENOM
MOLEKULARNIH MARKERA

Biljana ToSovié-Mari¢!, Borislav Kobiljski!, Dragana Obreht? i Ljiljana Vapa?

Institut za ratarstvo i povrtarstvo, Novi Sad
2Prirodno-matematicki fakultet, Novi Sad

Primenom STS i SSR markera, u ovom radu izvrSena je evaluacija tri, u svetskim
razmerama najznacajnija major gena reduktora visine, Rht-B1b, Rht-D1b 1 RhtS. U
setu od 172 genotipa heksaploidne pSenice poreklom iz vise od dvadeset zemalja,
utvrdeno je prisustvo nosioca analiziranih gena u 40%, 22% 1 62% slucajeva, za
Rht-Blb, Rht-D1b 1 Rht8, respektivno. U grupama genotipova domacdeg i1 stranog
porekla najveca razlika u frekvenciji karakteristi¢nih alelnih formi utvrdena je u
slu¢aju Rht8 koji je bio ¢es¢i u domacem materijalu (78,3%) i Rht-B1b koji je
dominirao u grupi stranih genotipova (57,6% ). Udeo nosioca Rht-D1b u obe grupe
bio je ujednacen, sa 22,6% u domacoj odnosno 21,2% u germplazmi stranog porekla.
Dobijeni rezultati i usvojena metodologija za detekciju ova tri najznacajnija Rht gena
predstavljaju izuzetno dobru polaznu osnovu za primenu marker asistirane selekcije
(MAS) u oplemenjivanju visoko prinosnih genotipova pSenice za agroklimatske
uslove nasSe zemlje i podrucje Mediterana.

EVALUATION OF WHEAT Rht GENES
USING MOLECULAR MARKERS

Using STSs and SSR markers, three worldwide the most important major height re-
ducing genes, Rht-B1b, Rht-D1b and RhtS§ were evaluated in this work. In 172 geno-
type set of hexaploid wheat, originated from more than 20 countries, Rht-B1b,
Rht-D1b and Rht8 were found in 40%,22% and 62% of cases, respectivly. In genotype
groups of domestic and foreign origine, the highest diference in characteristic allele
formes frequency was determined in the case of RAt8, more frequent in domestic
genotipes (78,3% ), and Rht-B1b dominant in foreign germplasm (57,6% ). Portion of
Rht-D1b was almost equal with 22,6% in domestic and 21,2% in foreign varieties. Ob-
tained results and accepted methodology for detection of these three, the most
importante, Rht genes present great start point for Marker Assisted Selection (MAS)
in high yielding wheat genotypes breeding in agroclimatic conditions of Serbia and
Mediteranian area.
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PRIMENA MOLEKULARNIH MARKERA U
OPLEMENJIVANJU KUKURUZA

Dragana Ignjatovié-Mici¢, Snezana Mladenovi€ Drini¢, Ana Nikolic,
Ksenija Markovi¢, Kosana Konstantinov i Vesna Lazi¢-Jancié

Institut za kukuruz ”Zemun Polje”, Beograd

Razvoj molekularnih tehnika i njihova primena u genetickim analizama obogatila su
znanja o genetici kukuruza i doprinela boljem razumevanju strukture i ponasanja
njegovog genoma. Ove nove tehnike, narocito tehnike molekularnih markera, se
koriste za proucavanje varijacija DNK sekvenci unutar i izmedu razli¢itih genotipova
iza stvaranje novih izvora genetickih varijacija. Molekularni markeri se primenjuju u
Institutu za kukuruz ”Zemun Polje” za identifikaciju hromozomskih regiona
odgovornih za nasledivanje tolerntnosti na susu, sadrZaj ulja u zrnu kukuruza i visok
prinos, ispitivanje i predvidanje heteroti¢nog efekta, geneti¢ku karakterizaciju
germplazme kukuruza, identifikaciju novih izvora pozeljnih svojstava i ispitivanje
geneticke Cistoce. Sva navedena istrazZivanja su usmerena ka stvaranju visoko-
prinosnih hibrida poboljSanog kvaliteta i tolerantnosti prema razli¢itim stresnim
faktorima, razvijanjem 1 primenom novih i efikasnijih tehnika molekularnih
markera.

MOLECULAR MARKER APPLICATION IN MAIZE BREEDING

The development of molecular marker techniques for genetic analysis has led to a
great increase in our knowledge of maize genetics and our understanding of the
structure and behavior of maize genome. These new techniques, in particular the use
of molecular markers, have been used to monitor DNA sequence variation in and
among different genotypes and create new sources of genetic variation. Molecular
markers have been applied in Maize Research Institute ”Zemun Polje” for identifi-
cation of chromosome regions involved in drought tolerance, kernel oil content and
high yield, estimation and prediction of heterotic effects, identification of new
sources of beneficial traits and genetic purity estimation. All the experiments are
aimed at creating high yielding and high quality maize hybrids tolerant to different
stress factors through development and application of new and more efficient
molecular marker techniques.
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MOLEKULARNI MARKERI U OPLEMENJIVANJU
SUNCOKRETA I ULJANE REPICE

Dejana Safti¢-Pankovi¢, Natasa Radovanovi¢, Sandra Gvozdenovid, Sreten Terzic,
Nada Hladni, Branislava Raki¢, Ana Marjanovi¢-Jeromela 1 Sinisa Jocié

Institut za ratarstvo i1 povrtarstvo, Novi Sad

Nasi rezultati u ispitivanju geneticke udaljenosti (GD=7-75% ) samooplodnih linija
suncokreta primenom RAPD i SSR markera, ukazuju na visoku varijabilnost i
predstavljaju jednu od vaznih informacija pri izboru roditeljskih linija suncokreta za
ukr$tanja. U slucaju uljane repice GD genotipova dobijene na osnovu RAPD
polimorfizma, su varirale od 40 do 77%. S druge strane, GD populacija iz roda
Brassicaceae, sa razli¢itom sposobnoScu prezimljavanja, izraCunate na osnovu SSR
polimorfizma su varirale u veéem opsegu.

Interspecies hibridizacija se ¢esto koristi u oplemenjivanju suncokreta. Prikazana je
varijabilnost izmedu populacija dve divlje vrste: H. giganteus i H. maximiliani dobijena
pomocu SSR markera. UspeSnost interspecies hibridizacije izmedu divljih vrsta i
gajenog suncokreta je proveravana primenom RAPD i SSR markera.

Molekularni markeri omogucuju detekciju poZeljnih alela i haplotipova u ranim
fazama razvica biljke, a takode i u ranim fazama stvaranja poboljSanih linija, $to
redukuje ili potpuno eliminiSe veliki broj ciklusa u kojima se testiraju poZeljni
fenotipovi. Prikazani su rezultati o CAPS markerima, koje veé dve godine koristimo
u MAS za otpornost suncokreta prema plamenjaci.

APPLICATION OF MOLECULAR MARKERS IN
BREEDING OF SUNFLOWER AND RAPESEED

Our results on genetic distance (GD=7-75%) between sunflower inbred lines ob-
tained with RAPD and SSR markers, indicate large variability and give important in-
formation for the selection of parental lines for future crosses. Based on RAPD poly-
morphism GD of rapeseed genotypes varied from 40 to 77%, while GD of
Brassicaceae populations, with different winter survival ability, based on SSR
polymorphysm varied in broader range.

Interspecific hybridization is often used in sunflower breeding. The variability be-
tween populations of two wild species: H. giganteus and H. maximiliani, obtained with
SSR markers, is preented. The succesfull hybridization between wild species and cul-
tivated sunflower was confirmed with RAPD and SSR markers.

Desirable alleles and haplotypes can be detected with molecular markers both in
early phases of plant development and in early phases of the production of improved
lines, which reduces or completely eliminates the large number of testing cycles for
desirable phenotypes. CAPS markers for sunflower resistance to downy mildew,
used during last two years in marker assisted selection are presented.
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BSA (BULK SEGREGANT ANALYSIS) - PRINCIPI I PRIMENA U
OPLEMENJIVANJU SECERNE REPE NA OTPORNOST

Nevena Nagl!, John Weiland? i Robert Lewellen?

Institut za ratarstvo i povrtarstvo, Novi Sad
2USDA-ARS, Sugarbeet and Potato research unit, Fargo, USA
SUSDA-ARS,Sugarbeet Production Laboratory, Salinas, USA

BSA (Bulk Segregant Analysis) je brza metoda mapiranja koja se primenjuje u
slucajevima kada je svojstvo za koje se razvija marker uslovljeno dejstvom jednog ili
dva gena. Biljke iz populacije razdvajanja su grupisane na osnovu fenotipske
ekspresije ispitivanog svojstva i testirane na postojanje razlika u DNK polimorfizmu
izmedu grupa ispitivane populacije. U radu su predstavljeni rezultati razvoja brzih i
relativno jeftinth RAPD i SRAP markera i analizirana njihova potencijalna uloga u
identifikaciji gena za otpornost Secerne repe na nematode (Heterodera schachtii
Schmidt). Genotipovi iz dve populacije, u koje je ukr$tanjem sa Beta maritima
unesena otpornost na nematode, su na osnovu fenotipske analize otpornosti
podeljeni u grupe: otporni i osetljivi. U analizi su koriséeni deset RAPD i cetiri
SRAP prajmera u reakcijama sa jednim ili dva prajmera, kao 1 prajmer TbvLTRSout.
Polimorfnim produktima amplifikacije je odredena sekvenca, na osnovu koje su
kreirani specifi¢ni prajmeri. Dobijeni STS markeri su testirani na individualnim
uzorcima ispitivane populacije.

BSA (BULK SEGREGANT ANALYSIS) - PRINCIPLES AND
APPLICATION IN SUGAR BEET BREEDING FOR RESISTANCE

BSA (Bulk Segregant Analysis) is a rapid mapping strategy suitable for traits deter-
mined by the effect of one or two genes. Plants from segregating populations are
grouped according to phenotypic expression of a trait and tested for DNA polymor-
phism between the population bulks. In this report results obtained in the develop-
ment of fast and inexpensive RAPD and SRAP marker protocols are presented and
their potential use in identification of markers linked to gene(s) for resistance to
sugar beet cyst nematode (Heterodera schachtii Schmidt) discussed. Genotypes in two
sugar beet populations possess genes for resistance to sugar beet cyst nematode
(SBCN) introduced from Beta maritima. The DNA of individuals from these popula-
tions, which had been typed for reaction to SBCN, was pooled in resistant and sus-
ceptible bulks. Ten RAPD primers, four SRAP primers and a TbvLTRSout primer
were employed in the analysis as one- and two-primer combinations. Polymorphic
bands were detected and specific primers were created after their sequencing which
were tested on individual samples from tested populations.
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PRIMENA MOLEKULARNIH MARKERA U PROUCAVANJU
TOLERANTNOSTI SECERNE REPE PREMA SUSI

Ivana Maksimovi¢!' i Nevena Nagl?

IPoljoprivredni fakultet, Novi Sad
’Institut za ratarstvo i povrtarstvo, Novi Sad

Mogucnosti primene molekularnih markera za rasvetljavanje mehanizama
tolerantnosti biljaka prema susi i u oplemenjivanju su predmet intenzivnih
istrazivanja. Pristup od kog se u ovom radu poslo jeste na PCR-u zasnovano
ustanovljavanje razlika u vremenu i nivou ekspresije gena koji u¢estvuju u odgovoru
Secerne repe na suSu. Kao polazni materijal odabrani su genotipovi Seerne repe koji
su u poljskim uslovima ispoljili razlicitu tolerantnost prema nedostatku vode. mRNK
izolovana iz listova u tri navrata nakon prestanka zalivanja je koriS¢ena za sintezu
cDNK, koja je zatim posluzila kao templejt za PCR skrining. Kandidat-fragmenti ¢ije
prisustvo je ispitivano PCR skriningom su odabrani iz baza podataka objavljenih
cDNA sekvenci, a koje odgovaraju genima povezanim sa reakcijom na osmotski
stres. U toku je ispitivanje validnosti dobijenih razlika u ekspresiji 1 njihove
eventualne primenljivosti kao markera u oplemenjivanju u cilju povecanja
tolerantnosti Secerne repe prema susi.

APPLICATION OF MOLECULAR MARKERS IN THE RESEARCH
ON TOLERANCE OF SUGAR BEET TO DROUGHT

The possibilities of application of molecular markers to elucidate mechanisms of tol-
erance to drought and application in breeding programmes are objects of intensive
research. The approach applied here is PCR-based analysis of the expression pat-
terns and expression levels of genes involved in sugar beet response to drought. Plant
material was sugar beet genotypes which under field conditions expressed differ-
ences in drought tolerance. mRNA isolated from leaves at three time points after the
watering of plants was stopped was used to synthesize cDNA that was used as the
template in PCR screening. Candidate-fragments whose presence was looked for de-
rived from sequences deposited in data banks and they correspond to genes con-
nected to plant reaction to osmotic stress. Evaluation of obtained differences in the
expression of corresponding genes and possibilities for their application as markers
in breeding of sugar beet for improved drought tolerance is under way.
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PRIMENA MOLEKULARNIH MARKERA U ANALIZI
GENETICKE UDALJENOSTI GENOTIPOVA SOJE

Vuk DPordevi¢, Dejana Pankovié-Safti¢ 1 Milo§ Vidi¢

Institut za ratarstvo i povrtarstvo, Novi Sad

Cilj ovog rada je utvrdivanje divergentnosti sorti soje adaptiranih na razlicite
proizvodne uslove. Analizirano je 16 genotipova poreklom iz Srbije i Severne
Amereke pomocu 27 SSR markera. Geneticke udaljenosti dobijene pomocu
molekularnih markera iznosile su izmedu 0.096 i 0.759. Klaster analizom genotipovi
soje grupisani su u 4 grupe. Faktor analiza na sliCan nacin grupiSe ispitivane
genotipove. Najmanje geneticke udaljenosti utvrdene su izmedu sestrinskih sorti
Afrodita, Ravnica i Vojvodanka. Na osnovu geografskog porekla svi genotipovi su
podeljeni u dve grupe. Veci genski diverzitet zabeleZen je u populaciji severno-
americkih sorti i poredenjem frekvencija alela utvrdeno je 9 alela na 6 lokusa koji
imaju znacajno razlicite frekvencije.

APPLICATION OF MOLECULAR MARKERS IN ANALYSIS OF
GENETIC DISTANCES AMONG SOYBEAN GENOTYPES

The objective of this paper is estimation of diversity among soybean varieties
adapted on different productive conditions. Analysis was conducted on 16 genotypes
originated from Serbia and North America by 27 SSR markers. Genetic distances ob-
tained by molecular markers ranged between 0.096 and 0.759. Cluster analysis as-
sorted all genotypes in four groups. On a similar way genotypes were grouped by fac-
tor analysis. Genetic distances have lowest value between three sister genotypes
Afrodita, Ravnica and Vojvodanka. By geographic lineage all genotypes were di-
vided in two groups. Greater gene diversity was recorded in the North American
population, and comparation of alele frequencies showed 9 alleles on 6 loci whit
significant differences in allele frequencies.
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PRIMENA MOLEKULARNIH MARKERA U
OPLEMENJIVANJU JABUKE

Sladana Mari¢!, Milan Lukié!, Radosav Cerovié! i Radovan Boskovié?

Unstitut za voéarstvo, Cacak
’Institut za molekularnu genetiku i geneti¢ko inZenjerstvo, Beograd

Razvoj molekularnih markera (RFLPs, AFLPs, SCARs i SSRs) omogucio je
mapiranje genoma jabuke (Malus x domestica Borkh.) i formiranje nekoliko saturisanih
genskih mapa. Markeri u blizini ovih gena igraju znac¢ajnu ulogu u izboru roditeljskih
parova, selekciji sejanaca koji nose pozitivne osobine i posebno su znacajni u
detektovanju recesivnih karaktera kao Sto je, na primer, besemenost. Markeri su
omogucili 1 predselekciju za poligenski regulisane kvantitativne osobine. Poslednjih
godina znacajna paZnja je posvecena proucavanju biohemijskih i fizioloskih procesa
ukljucenih u determinaciju znacajnih fenotipskih osobina jabuke. Dozrevanje i
trajasnost ploda jabuke regulisani su sintezom biljnog hormona etilena. Geni ukljuceni
u biosintezu (ACC sintaza - ACSI gen i ACC oksidaza - ACOI gen) i percepciju etilena
kod jabuke (ETR1 receptor - ETRI gen) pokazuju znacajan alelni polimorfizam.
Polimorfizam je analiziran kod autohtonih i standardnih sorti, identifikovani aleli su
klonirani i sekvencirani, testirana je funkcionalna veza izmedu alelne konstitucije ovih
gena 1 produkcije etilena. Sva tri gena su locirana na genskoj mapi jabuke.

THE APPLICATION OF MOLECULAR MARKERS
IN APPLE BREEDING

Development of molecular markers (RFLPs, AFLPs, SCARs and SSRs) allowed
mapping of the apple (Malus x domestica Borkh.) genome and development of several
saturated genetic maps. The markers flanking these genes play important role in se-
lecting: parental combinations, seedlings with positive traits and they are particularly
important in detecting recessive traits such as seedless fruit. In addition they enabled
preselection for polygenic quantitative traits. Recently, particular attention is paid to
biochemical and physiological processes involved in the pathway of important traits.
Ripening and storage capability of apple fruit are regulated by the synthesis of the
plant hormone ethylene. The genes involved in ethylene biosynthesis (ACC synthase
- ACS1 gene and ACC oxidase - ACO! gene) and perception (ETR1 receptor - ETRI
gene) in apple reveal high allelic polymorphism. This polymorphism was studied in
autochthonous and standard apple cultivars. The identified alleles have been cloned
and sequenced and the functional relationship between the allelic constitution of the
genes and the storage capability of their fruits has been tested. In addition, the posi-
tion of all three genes on the apple genetic map has been determined.
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PRIMENA MOLEKULARNIH MARKERA U
OPLEMENJIVANJU SUMSKIH VRSTA DRVECA

Vasilije Isajev!, Kosana KonstantinovZ, Snezana Mladenovié Drinié?,
Milan Mataruga, Sasa Orlovi¢* i Vladislava Galovi¢*

ISumarski fakultet, Beograd
2Institut za kukuruz ”Zemun Polje”, Zemun
3Sumarski fakultet, Banja Luka
“Institut za nizijsko Sumarstvo i zastitu Zivotne sredine, Novi Sad

Kod Sumskih vrsta drveéa i Zbunja, geneticki markeri se primenjuju u istraZzivanjima
kodirajucih, nekodirajucih i visoko varijabilnih regiona, kako kod nuklearnih genoma,
tako 1 kod genoma organela - hloroplasta i mitohondrija. Veliki broj studija pokazuju
znacaj 1 vrednost primene molekularnih markera u istraZivanjima na polju
konzervacione 1 populacione genetike Sumskog drveca, u okviru selekcionisanih
populacija i individua razli¢itih provenijencija, kod vrsta iz rodova Pinus, Picea, Abies,
Cedrus, Quercus, Fagus, Populus, Salix 1 dr. Razvoj tipova molekularnih markera, kao 1
sve Sira njihova primena u Sumarskoj genetici 1 oplemenjivanju drveca unapredila je
neophodna znanja o: (1) genetickim specificnostma njihovih populacija; (2)
identifikaciji klju¢nih faktora koji karakteriSu inter- i intraspecijski varijabilitet; (3)
sistemima razmnoZavanja; (4) dinamici postglacijalne rekolonizacije; (5) uticaju
veli¢ine populacije i selekcionog pritiska na razvoj 1 ’pulsiranje” populacija drveca u
prostoru i vremenu kao i u (6) modeliranju aktivnosti na polju konzervacione genetike
pri in situ 1 ex situ o€uvanju genofonda vrsta drveca.

THE USE OF MOLECULAR MARKERS IN
FOREST TREES IMPROVEMENT

The results are based on presentation of the experience in the application of bio-
chemical and molecular analyses at the level of the selected populations and individ-
uals from different provenances of the species within genuses Pinus, Picea, Abies,
Cedrus, Quercus, Fagus, Populus, Salix and some anothers. Many studies demon-
strated the usefulness of neutral molecular markers in the field of conservation and
population genetics of forest trees, understanding the importance of migration pat-
terns in shaping current genetic and geographic diversity and to measure important
parameters such as effective population size, past bottlenecks and gene flow. The
analyses of the variability on the individual and populations levels, by the use of mo-
lecular markers were studied. This is relevant to design conservation strategies but is
of little value to understand adaptability patterns. In the specific field of the conser-
vation genetics, molecular markers can be extremely useful in both ex situ and in situ
gene pool conservation of forest trees.
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PROCENA BIODIVERZITETA I KOMPETITIVNOSTI
SIMBIOTSKIH BAKTERIJA RODA Rhizobium
MOLEKULARNIM MARKERIMA

Dragana Josi¢!, Bogi¢ Mili¢i¢!, Snezana Mladenovic Drini¢? i Mirjana Jarak>

nstitut za zemljiste, Beograd
2Institut za kukuruz ”Zemun polje”, Zemun
3Poljoprivredni fakultet, Novi Sad

Tehnike za molekularnu identifikaciju i detekciju koriscene su za ekoloSka
ispitivanja Rhizobium, bakterija azotofiksatora od velikog agronomskog znacaja.
Kompeticija inokuluma i autohtone populacije mikroorganizama predstavlja veliki
prakti¢ni problem. Efektivni inokulum, sposoban da kompetira prirodnoj poulaciji 1
da formira veliki broj nodula, pracen je preko razlike u egzopolisaharidnoj
produkciji 1 kalkofluor fenotipa. Biodiverzitet sojeva odreden je PCR metodom.
Amplifikacijom ponovljenih ekstragenskih palindromskih sekvenci DNK regiona
utvrden je visok stepen diverziteta autohtone populacije R. leguminosarum bv. trifolii
u razli¢itim tipovima zemljiSta Srbije. REP-PCR omogucava visok stepen
taksonomske rezolucije i preporucuje se za pracenje biodiverziteta i kompeticije
rhizobia.

ESTIMATION OF BIODIVERSITY AND
COMPETITION OF SYMBIOTIC BACTERIA GENUS Rhizobium
BY MOLECULARS MARKERS

Molecular identification and detection techniques were used for studying the ecology
of Rhizobium, a nitrogen-fixing bacterium of agricultural importance. Competition of
inoculant strains with indigenous microbes is a serious problem in agricultural prac-
tice. Effective inoculant strains able to compete with the native rhizobia and form a
high percentage of nodules were observed using their differences in
egzopolysacharide production according calcofluor effect (Cf). Biodiversity within
strains was determined using PCR. Using this method for amplification DNA re-
gions between repetitive extragenic palindromic (REP) sequences, high diversity
level of indigenous population R. leguminosarum bv. trifolii were detected in different
type of soils in Serbia. REP-PCR give the high level of taxonomic resolution and
therefore it is recommended to use in monitoring of rhizobial competition and
biodiversity.
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