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ZIEMAS RUDZU RAZA UN KVALIT ATE I1ZM EGINAJUMOS JOGEVA PBI

Tupits 1.
Rudzu maize gadsimtiem bijis pamgdiens Igaung, Latvija un Lietuva. Petijuma nerkis bija
saldzinat visas trijas valsts izveidotu ziemas rudzikignu un hibfdu raZzu un kvaliti lgaunijas
klimatiskajos un augsnes afidbs Jegevas selekcijas instit (Jogeva PBI). Tis gadu
izmeginajuma (2005.-2007.) konvenciah saimniekojot tika stas &das &irnes un hibidi: ‘Elvi’
(Igaunija), ‘Kaupo’ (Latvija), ‘Joniai’ (Lietuva)] 92-5 (Igaunija), LAT 9504 (Latvija) un LIA 426
(Lietuva). Laika apgkli izméginajumu gados bijaitizigi. Netika nowroti batiski ziemoSanas
bojajumi. Visas &irnes un hibidi uzradija augstu razas poteaki. Saidzinot tis gadu rezuitus,
augsikas razas bijaldrnei Elvi un hibidam J 92-5. fiksto$ graudu masa (TKWhrshiedza 30 g
visos [gtijuma gados, vigi augstkais tika nogrots 2005. gadl KriSanas skaitlis (FN) kopuin
bija atbilstoS§s maizes cepSanai, zZkais FN visos gtjjuma gados bija ‘Joniai’ un LIA 426. Mitros
apstklos 3s &irnes un hibida raZza §kSanajveic atri.
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Abstract

SSR (Simple Sequence Repeats) markers have beshybapplied in plant material identification,
genetic diversity evaluation, in various gene bafttscollections maintenance and in breeding
programs for the monitoring of elite alleles andtenal exchange, as well as in ploidy level
prediction, construction of genetic maps, evoluign and population studies. The high
polymorphism level and the co-dominance of SSR msrarkallow for efficient cultivar
characterization and can discriminate even clossbted cultivars. However, several factors must
be considered when applying SSR markers to polgpitzsint species.

After initial optimization and the pre-screeningd® SSR markers, all potatSdlanum tuberosum
L. subsptuberosunn cultivars listed in the Latvian Plant Genetic Raze database were analyzed
using eight SSR markers that were found to be molyimorphic. Cultivar fingerprinting, genetic
distance evaluation and cluster analyses were peeth Two pairs of the tested cultivars were
identical in all screened loci and couldn't be diminated; the remaining potato cultivars could be
discriminated using a minimum of 4 SSR markers.il@mgenetic relationships were observed in
the potato cultivar collection when analysed witfiedent phylogenetic methods. An increase in
the genetic diversity of the newly bred potatoigalts was identified when compared to the older
cultivars.
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Introduction

Potato cultivars are vegetatively reproduced ewegr for distribution and breeding purposes.
Currently the identification of potato cultivars imsed on phenotypic characteristics, which are
difficult to distinguish, time-consuming and can &fected by environmental factors all of which
results in a high risk of misclassification. Thetatatraploid genome of cultivated potato
(2n=4x=48) and their outcrossing nature makes thedifficult candidate for genetic studies. A
narrow genetic base has lead to a high genetidasityiin European cultivated potatoes (Gebhardt
et al, 2004; Simkeet al, 2006).
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Several molecular markers technologies have begiredpo different potato genetic materials and
compared to evaluate the most efficient method afatp germplasm identification and the
evaluation of genetic variation (Milbourm al, 1996; McGregoet al, 2000; Braun and Wenzel,
2005). Simple Sequence Repeat (SSR) markers ahdy pglymorphic, abundant in the non-
coding regions of the genome, co-dominant, and nh@we been placed on genetic maps. The use
of the polymerase chain reaction (PCR) and fragnhemgth detection with fluorescent labels
makes the use of SSR genotyping simple, fast abdstpand the obtained data comparable and
reproducible. SSR markers have been used to sdakgssharacterize potato germplasm
collections in several countries and SSR fingetpritave been proposed as one of the units in the
cultivar certification process (Moisan-Thiergt al, 2005; Reid and Kerr, 2007). Genetic
fingerprints can be used for plant cultivar registm, the protection of the plant breeder’s rights
and for tests of purity for plant producers.

The evaluation of genetic distances for the tetidppotato is complex due to the inability to
interpret the dosage of alleles based on micrdgatalarkers data (Provaet al.,1996; Milbourne

et al, 1996; Braun and Wenzel, 2005). However, thé laigd stable heterozygosity of the potato
cultivars that results from vegetative reproductimntubers makes them highly discernible and
suitable for genetic fingerprinting using SSRcent studies demonstrate that five or six SSR
markers pairs were sufficient to distinguish a éasgnount of potato cultivars (Moisan-Thiesy

al., 2005; Reid and Kerr, 2007; Ghislah al, 2000; Provaret al, 1996; McGregoet al, 2000;
Coombset al, 2004). Pedigree information about potato cutiva often scanty, and the use of the
hybrids of local cultivars as parents is commothim Latvian potato breeding program. Therefore
the second important task of using DNA marker®ibdlp investigate the degree of relatedness in
the potato germplasm and to improve parental lgdection for breeding programs. In the study of
Braun and Wenzel (2005), 26 SSR markers identBie@erman cultivars and 10 advanced clones
with known pedigree including sibs and half sibg, fo clear relationships were proven in the case
of several clones. Nevertheless, most relationshigre confirmed using the pooled binary data of
allele presence/absence and the inability to inéérfhe dosage of allele was considered to be
minor as the alleles might be in balance betweewtypes. Several methods have been suggested
for evaluating the allele dosage in polyploid aidtis. For example, measuring the signal strength
for each allele peak obtained (Prowatral, 1996; Esselinlet al, 2004; Nybonet al, 2004 — by
Moisan-Thiery et al, 2005), or using a computational algorithm foitineating the allele
frequencies under certain pattern of inheritance $ilvaet al.,, 2005). However, these methods are
still under development and have not been wideplieg. SSR marker fingerprints are not publicly
available, therefore it is impossible to compare @ata with other studies and genebanks. In order
to be able to directly compare genetic diversitg #me relationships between potato collections,
and also for breeder rights protection, it would bgeful to determine a common SSR
fingerprinting marker set and to standardize timigdrprinting method.

The aims of this study were to evaluate the diso@tory power of SSR markers within Latvian
potato genetic resources, fingerprint all potatibivars listed in the Latvian plant genetic resaurc
database and to characterize the amount and @airtigi of genetic diversity within this collection.

Materials and Methods

61 potato cultivars were obtained from the StaiekiBli Plant Breeding Institute collection. This
included 45 Latvian bred cultivars and 14 localjapted cultivars with an unknown pedigree
(“local cultivars”) and two foreign cultivars “Feitas” (Germany) and “Kuras” (Netherlands)
(http://tor.ngb.se/seste/accessed on 18.03.2008). Genomic DNA was exiaitom fresh leaves
or sprout material with the Genomic DNA Purificaticit KO512 (Fermentas). To verify the
results, DNA extraction was repeated for cultivaith identical genetic fingerprints.

Fourteen SSR markers were selected from markendopsdy developed by Milbournet al
(1998) and one marker “STPATP1” by Prowtral (1996). Previous studies found that five or six
SSR marker pairs were sufficient to distinguisiar@é amount of potato cultivars (Moisan-Thiery
et al, 2005; Reid and Kerr, 2007). Five of these markeere present also in our study
("“STM2005", “STM1097”, “Lemalx”, “STM1024" and “STN020"). Initially, the 15 marker set
was tested on ten Latvian potato cultivars and dasethe criteria of good amplification quality,
the number of alleles and the chromosomal locadight markers were selected for the final
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fingerprinting of the remaining cultivars (Table The forward primer was synthesised with a 6-
FAM, HEX or NED fluorescent label to allow for tiwésualisation of the amplified products. SSR
locus amplification was carried out using the fallog PCR conditions: 98C for 3 min, 35 cycles
of 95°C for 20 sec, 56C — 20 sec, 72C — 20 sec; 72C - 10 min; in a total volume of reaction 20
0l containing 50 ng template DNA, 1x PCR buffer, RrivigCl,, 0,2 mM dNTP mix, 0,5 Uaq
polymeraseKermenta¥ 0,5 mM of forward (labeled) and reverse prim@pplied Biosystems
Amplification fragments were separated on an AB$Mr3130x| Avant Genetic AnalyzeApplied
Biosystemsand analysed with the GeneMapper 3.5. The diyeirsilex (DI) was calculated using
the formula “DI=13pgf, where “pg” is the frequency of an individual gegme. Phylogenetic
analyses were conducted using MEGA 4 (Tanatral, 2007) on the combined binary allelic data
of all markers. Population analyses were performitth the GenAlEx 6 version (Peakall and
Smouse, 2006). Information on the pedigree of patattivars was supplied by the State Priekuli
Plant Breeding Institute (SPPBI) or obtained frdme bnline potato pedigree database resource
(Berlooet al, 2007).

Results and Discussion

A total of 63 SSR alleles were observed within todtivars analyzed, with a maximum of 12
alleles generatetly the marker “STM1004” (Table 1). Altogether 16Bique genotypes were
generated; from which 15 genotypes were monoall&g — diallelic, 66- triallelic and 34 —
quadriallelic. The marker “STM1021” generated thesinquadriallelic genotypes. The remaining
markers detected more two or three- allelic vasiaf@verage frequency (fq)=0,36), but fully
monoallelic or quadriallelic genotypes were rane(age fq=0,14).

The obtained average marker Diversity Index (DILatvian potato cultivars (0,82) is comparable
with that estimated for potato cultivars by Milboaet al,, 1996 (0,73), Moisan-Thiemt al, 2005
(0,84); Braun and Wenzel, 2005 (0,98). The higtdistriminative power was observed for
markers the “STM1021”, “STM1004” and “STMO0037” (Tiatl).

Table 1. Information on microsatellite markers uB®dootato cultivar fingerprinting.

Marker Repeat Product sizelLocation DI  Number of Number of

bp alleles genotypes
STM1021 (C)7...(CT) (AT)q 161 - 213 IX 0.93 12 32
STM0037 (TC) (AC) ¢AA...(AC), 64 - 82 Xl 0.94 8 26

(AT)4

STM2020 (TAA)Y 140 - 158 I 0.90 7 19
Lemalx (ATT) 119 - 146 Y 0.73 5 10
STM1049 (ATA) 177 - 198 I 0.69 4 9
STM1004 (AAGY 151 - 259 Y 0.96 12 37
STMO0007 (ACY 187 - 237 Xl 0.84 10 20
STM3016 (GA), 97- 109 v 0.87 5 15

We clearly distinguished 55 cultivars, but two paof cultivars showed completely identical
fingerprint patterns. All the procedures, includisgmple acquirement, DNA extraction and
fingerprinting were repeated. However, the samgefiprints were obtained for the cultivars
“Laima” and “Priekulu Baltie”; and for cultivars ¢h“Spidola” and “SPO-11". In both cases the
identical cultivars have one maintainer. Cultivdraima” and “Priekulu Baltie” belong to the old

generation of Latvian potato cultivars and havemmon ancestor — “Irish Cobbler” (Figure 1).

173



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 0

|t MI0B75 | | 1311 lrish Cobbler, 1876 | Jubel, 1908 |

| Laima, 1930 |
|Kameraz 1636, 1951  Agra, 1240 |

| Priekulu Baltie, 1955 |

Breeder: SPPEI

Figure 1. Pedigree of the potato cv. ‘Priekulu Baknd ‘Laima’

The other two cultivars — “Spidola” and “SPO-11'ave an unknown parentage. These cultivars
were developed by the breeder Alberts Saulitis; &nd possible that these two cultivars are
irradiation induced somaclonal variants, where ¢bkivars have different phenotypic traits, but
little genetic changes. In these cases SSR markaysnot distinguish the two variants as in the
study of Reid and Kerr (2007). Several reasonsdcbal suggested for this result, such as the low
genetic variability of the material, errors in plareproduction or in marker selection. Careful
comparison of the cultivars’ phenotypic traits vii# undertaken by the maintainer (SPPBI).
Phylogenetic analyses were performed with the birdata of eight SSR markers scored as
presence/absence of allele. The data sets wergzadakith the UPGMA (Unweighted Pair Group
Method with Arithmetic mean) - Sneath and Sokal{39 by Tamurat al, 2007) combined with
the bootstrapping analysis (Felsenstein, 1985 Fawuraet al, 2007), theMaximum Parsimony
method that is based on the minimal informatiomggle with consensus tree uilding and the
bootstrapping test and the Neighbour-Joining (NSjhmd.
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Figure 2. Cluster of old and locally cultivated qtot cultivars divided in Maximum Parsimony
analysis with bootstrapping based on allele presiabsence

UPGMA phylogenetic clustering was not robust as alestrated by the generally low bootstrap
inference values (data not shown). However, somth@fcultivars clustered together with high
inference values in likelihood, parsimony and Na&lgses: “Stendes baltie” clustered with
“Laimdota”, “Jelgavas baltie” with “Priekulu baltieand “Laima”; “Agra” with “Eksports”;
“Mutagenagrie” with “Bertas”, “Astra” with “Sniegay; “Vita” and “KPAX-1"..
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Figure 3. Genetic relationships of the potato eals studied. The phylogenetic tree is constructed
based on the computation of allele presence/absesitg Neighbour-Joining cluster analysis
followed with the Interior-Branch test. Local culirs are marked
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We noticed that Maximum Parsimony divided cultivared in the beginning the 2@entury and
some of the local cultivars formed into a sepagateip (Figure 2) with a few exceptions such as
the cultivars “Imanta” (2008) and “Madara” (1984he German cultivar “Felicitas” and the
Latvian cultivar “Lauma” clustered separately frother cultivars. NJ phylogenetic tree branching
shows higher confidence values using the Interi@mBh test (Figure 3).

As information on the parentage of the cultivapedato is scarce and hybrid lines occur in the
parentage of many cultivars, in most cases we wearable to compare the constructed
phylogenetic trees with cultivar pedigree inforroati

Clustering analysis performed with the same datalspaising different methods (UPGMA,
Maximum Parsimony, NJ) demonstrate similarity ofistéring in terminal branches and some
groups of cultivars. Often, each cluster contaitecal cultivar along with the bred cultivars, whic
could reflect the origin of the breeding matertldbwever because the pedigree records of local
cultivars are not available, this can not be comdid. The suggestion that the allele dosage
estimation is not required (Braun and Wenzel, 2008% partly supported by our data as many
stable clusters of particular cultivars are presanall phylogenetic trees obtained. Maximum
Parsimony separates potato cultivars with highestdiap inference values than UPGMA and
groups older cultivars into one cluster (Figure I2). phylogenetic trees show higher confidence
values, therefore these were used for more detedegparisons. Still, differences between analytic
methods are present and combined with the lacledigpee information about cultivars; results in
the situation that definitive conclusions aboutpbiylogenic relationships are difficult. To better
elucidate the genetic relationships between Latpatato cultivars, additional genotype data is
required.To explore, changes in the genetic dityersi Latvian potato germplasm over time, the
data was divided into three populations: old caltsy which were released before 1978; modern
cultivars, which were bred in 1978 or later; andalocultivars, which have been continuously
cultivated in different regions of Latvia and fohieh there is no pedigree information.

The foreign cultivars “Felicitas” and “Kuras” weexcluded from this analysis. Cultivars with an
unknown year of release (bred by A.Saulitis), wetassified as modern cultivars.

The number of alleles in each population was 54dgno), 52 (local) and 48 (old). New cultivars
have six unique alleles, local cultivars — five qué alleles, but old cultivars only two unique
alleles. In modern cultivars private alleles weemgrated by the markers: “STM1021” (213 bp),
“STMO0037” (66 bp), “STM1004” (154 bp), “STMO0007” (& bp, 235 bp), “STM3016” (97 bp).
The most frequent of these were 154 bp (0,154)3anp alleles (0,115). In local cultivars private
alleles were found with the same frequency (0,0&t)l were generated with the markers
“STMO0037” (64 bp), “STM1049” (198 bp), “STM1004” 8 bp, 190 bp, 226 bp). In old cultivars
private alleles were generated by the markers “STA02 (140 bp, fg=0,167) and “STM0007”"
(237 bp, fq=0,053). The percentage of polymorpbai In old cultivars is lower (74,6%) than in
new cultivars (85,7 %), and local cultivars (82, %ei's Genetic Distance between new and local
cultivars was 0,030; between new and old cultiv@@61, and between local cultivars and old
cultivars - 0,027. AMOVA (Analysis of Molecular Vlance) analysis found 6 % (p<0,001)
polymorphism among these populations. This datavstehigher level of genetic diversity in the
modern cultivars.

The distribution of alleles with a frequency higltiean 0,34 in each population was compared. 16
alleles were common to all the populations. Thetrdadinct high frequency alleles were found in
the modern cultivars (163, 70, 191 and 82); inaitlivars only two such alleles were found (125
and 109), but all alleles found in local cultivavere shared either with modern or old cultivars. A
high similarity of microsatellite alleles betweeh batvian potato cultivars was found. Local
cultivars contain common alleles with both old malts and modern cultivars and are more
polymorphic than the old cultivars. That may reflactendency to use local cultivars as material
for breeding with the aim of increasing geneticedsity, while maintaining local adaptive traits.
Some new alleles were introduced into the modetatpaultivars bred after 1978. This increase
of genetic diversity could be a result of the us@eew gene pools in modern potato breeding. The
potato breeding program in Latvia was expanded thiehdevelopment of the infrastructure after
1973 and the ability to acquire germplasm with meeristematic methods after 1978 (Bebre,
2003).
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Conclusions

All 59 potato cultivars listed in the Latvian geigetesources database were fingerprinted and
discriminated from each other with eight SSR magketith the exception of two pairs of cultivars.
If these non-discriminated cultivars are excludadl, remaining potato cultivars could be
discriminated using a minimum of four SSR marke8M1021, STM1004, STM3016 or
STMO0037 (to the separate cultivars “Lenora” and [&Psi”), and STM1049 (to the separate
cultivars “Vita” and “KPAX-1"). The obtained fingprints will be routinely used in the future for
potato cultivar identification for various purposes

There are no distinct groupings or divisions withaitvian potato cultivars, however the genetic
diversity of potato cultivars bred after the 197&8shncreased. These modern cultivars contain
newly introduced unique alleles as well as allélem local cultivars and from old cultivars. This
reflects the combination of older, locally adaptedterial with the increased genetic diversity of
modern European potato cultivars. For a more @stailvestigation into the phylogeny and genetic
relationships of Latvian potato cultivars additibB&R or different DNA marker data is required.
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LATVIJAS KARTUPE LU GENETISKO RESURSU RAKSTUROJUMS AR DNS
MOLEKUL ARO MARKIERU PASPORTIZACIJAS METODI

Zhuk A., Veinberga I., Skrabule I., Rungis D.
Molekularus makierus, tai skait vienkarSus DNS sekvences attojumus (SSR, no amhgval. -
Simple Sequence Repeat), plasi izmantoadaZaugu mateiia identifikacijai, gergtiskas
daudzveitbas noskaidroSanaigigu banku kolekciju uzt@sanai, augu selekcijas progradsm
elitaro aklu skiningam un matefla apmapas kontro¢Sanai, & af ploiditates pakpes
paredzSanai,geretisko karSu konst@§anai, evoluciairos un popdiciju pétijumos. SSR maieru
augsts polimorfismarhenislauj at&irt pat tuvi radnietgas &irnes.
Kartupdu (Solanum tuberosunt. subsp.tuberosum kirnes (59) réistrétas Latvijas Augu
Gergtisko Resursu katalagika izpetitas ar SSR molek@iem makieriem. Tika identifi€ti astapi
ipasi polimorfi makieri no 15 makieru grupas un tie izmantoti visas kartlpé&irnu kolekcijas
raksturoSanai. Tika veikta katrasirfies raksturojoSo molekirtb nospiedumu noteikSana
(molekukra pasportiicija), gergtisko distau apgkinaSana un filgergtiskas anaizes. Divi &irnu
pari tika identificeti vienadi pec visiem lokusiem, @éjas kirnes var af§irt ar ¢etru makieru
molekukriem nospiedumiem. Tika anadta idzgu &kirnu klasteru veido3as, izmantojot daadus
datu apvienoSanas principus un @red metodegeretiskas daudzveitbas palieliaSaris atrasta
nesen selekci@to kartupéu irpu grug, saidzinot &is ar pagjuSa gadsimtaakuma veidotaim
gkirnem. Efekivo molekufiro makieru metoZzu izmantoSana Latvijagir&u identifikacijai un
radniedbas pakpes noskaidroSanai uzlabos tugbon kartupéu &irnu kolekciju uztugSanu,
izplaiSanas kontroli, kafi selekcijas mateiia atlasi.

POSSIBILITIES TO GROW OATS FOR FOOD IN LATVIA
Zute S., Gruntina M., Malecka S.

State Stende Cereals Breeding Institute, DiZzstehaleu region, Latvia, LV-3258, phone:
+37163292289, e-maitanita.zute @stendeselekcija.lv

Abstract

In order to improve the nutrient content of oatdgaroducts, there is a need for good quality
grains. In our study, 15 oat varieties grown ineddftrial (2005-2007) at the State Stende Cereals
breeding Institute and 78 oat samples collecterh fdifferent farms in Latvia were analysed for
volume weight, 1000 grain weight, husk content,derprotein and fat. The grain processing
enterpriseRigas Dzirnavniekstd has determined the criteria of oats for fobde grains have to
have a volume weight higher than 4807gaind husk content below 250 g KgResults of the
experimental trial showed that these demands aesaible. The grain volume weight ranged from
480 to 518 g't, 1000 grain weight from 33.7 to 38.4 g, the hustoant from 206 to 312 g kg.
However, only four of 15 analysed oat varieties thetstandards requested for food quality. The
analyses of oat samples collected from farms shogesterally lower grain quality than the
analysed grain samples from experimental fieldsusTho obtain oat quality under farming
conditions is more difficult than under experimémanditions.

Key words: oats, grain quality, volume weight, husk amount
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