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JAUNU KARTUPE LU SKIRNU PETIJUMI LIETUV A

Asakavi¢iute R., Razukas A., Jundulas J.
Kartupdu selekcija un &laud£Sana Lietug tiek veikta Lietuvas zemkdpas instiita Vokes
nodda. Kartupéu selekcijas darbs aptver Lietuvas karlup&irnes, kolekcijasi§rnes un klonus.
Kartupdu krusto3ana tetrapita Iimer tiek veikta siltumicas un lauka kolekdij Vairak ka divi
miljoni hibridu (klonu) tiek izerteti izméginajumu lauki. Galvenais rerkis ir veidot jaunas
kartupéu Xirnes, kas ir iztugas pret ¥zi un nematoem, kuam ir augsts iztdbas imenis pret
citam slintbam, izcilas agronomigis un garSafpadbas, & af pienerotiba farstradei. Selekcijas
darba rezufita izveidotas piecas jaunas kartip&irnes: Venta, VB Rasa, VB Liepa, Goda un VB
Aista. Tas visas ir iztuigas pret tstanzko kartupgu slimibu — kartupks vezi (Synchtrium
endobioticumSchilb), vaikas no am ir izturigas pret vigjo nematodes patotipuG(obodera
rostochiensidNoll.). Citas pammes Kk augsta raza, izcilas gar§aa3bas, kK af pievilciga forma
bija galvenie iemesli S&Bnu atlas.
Kartupdu sklaudzSana ar merisinu metodi tiek veikta Lietuvas zemkbps instiita Vokes
noddas biotehnolgiskaja laboratorifi. Tas ir kartupki £klaudzSanas centrs Lietay
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Abstract

The genus Liliuml{ilium L.) is a vegetatively propagated bulbous plant e ofithe economically
most important of bulb flowers. To obtain new vies with a wide range of colors and resistance
to grey mold caused by fungiotrytis Micheli ex Fr. a breeding program was carried diite
spreading of this fungus disease causes heavyslassplants loose their general attractiveness. In
lily breeding current activities are directed todsthe development of disease resistant cultizars t
avoid the use of chemicals to be economically soand ecologically safe. The goal of this
research was to investigate and to optimize polgiglan the breeding of lilies. Several
biotechnological methods were used to obtain néywvarieties. A crossing between different
hybrid groups of lilies is not possible under natuconditions therefore embryo cultivation
techniques are being developed to overcome incahilitsitbetween plants and limiting factors
after fertilisation. Mitotic and meiotic polyploisktions are applied and can result in fertile
allopolyploids. The chromosome count of the vaeitan be changed by treating bulb scales with
a 0.1, 0.5 and 1 g Kgcolchicine solution and 0.05, 0.1 and 0.5 g &gyzalin solution.
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Introduction

The genusLilium L. includes approximately 100 species, subspearas varieties of species
distributed throughout the cold and temperate pafrthie Northern Hemisphere (McRae, 1998).
The overall appearance of all plants is controledely by their genes that are packaged in
chromosomes. Each species has a fixed number aincsomes in their cells, but the number may
differ between species. Each celllalium species has 24 chromosomes, or 12 pairs of ditfere
chromosomes (2n = 2x = 24). These plants with faired chromosomes are termed diploid, from
the Greek word for ‘double’ (McRae, 1998). Polygkhave more chromosomes in every cell than
others. The offspring of a tetraploid parent andioid parent is a triploid; this results from a
failure of meiosis in one of the parents. With tH&6 chromosomes, triploid lilies are difficult to
cross with others. Tetraploid lilies have 48 chrsomes; this is double the normal number of
diploids.

The reasons for using polyploidy in lily breeding @he larger flowers, the stronger stems and in
interspecific hybridization the restoration of Reérflity at the tetraploid level (Van Holsteijn,
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1994; Van Tuylet al, 1990). Interspecific hybridisation and polyploidse recognized as the most
important sources of evolution and domesticatioflafiering plants. To overcome F1-sterility,
mitotic and meiotic polyploidisations are applieddacan result in fertile allopolyploids. A
distinction was made between mitotic polyploidisatiand meiotic polyploidisation. Mitotic
polyploidisations possess one homologous chromosatmeMitotic polyploidisation comprises all
techniques in which artificial chromosome numbeuldimg was accomplished by treating bulb
material with colchicine. Meiotic polyploidisatiasften shows irregular chromosome division that
results in two unreduced chromosome numbers (Vai dwal, 1990; Van Tuyl and Ki-Byung,
2003).

Polyploids are obtained through artificial chromwm&odoubling by treatment of vegetative tissue
with spindle inhibitors such as colchicine (Blale=sland Avery, 1937; Emsweller, 1988) or
oryzalin. Colchicine has been used for doublingribmber of chromosomes of many crop plants
over a period of more than 50 years (Blakesleefaraty, 1937). Colchicine is a natural alkaloid
with an antimitotic activity, obtained from the ptaColchicum autumnalé. (Emsweller, 1988;
Van Tuylet al, 1990). When colchicine is present in a cell tkatndergoing mitotic division, the
chromosomes split at all points except the centrem&he main action of the colchicine is to
prevent the formation of a spindle so the anaphasement of the chromosomes does not take
place and the cell fails to divide. When the daeglghromosomes finally divide, they are all
included in one cell and the chromosome numbeigked. To be effective colchicine must be
present in the cell when the chromosomes dividdchmne is very harmful to humans and in
some cases shows undesirable mutagenetic activipyamts (Van Tuykt al, 1990). In addition to
colchicines, several other chemicals are also &ffe doubling the chromosome number. One of
the chemicals that also inhibits mitosis activitylas used for doubling the chromosome number in
lilies is oryzalin. For doubling the chromosome togmn oryzalin is used for other plants as well —
such as: potatoes (Van Tusd al, 1992; Verhoeveet al, 1990), tobacco (Scree Ramwdual,
1991). The goal of this research was to investigatd to optimize polyploidy in the breeding of
lilies.

Materials and Methods

The polyploid forms were produced utilizing bultakes of diploid lilies (2n = 2x = 24). In the
present study, scales from diploidal lily bulbsnfrd3 different genotypes were tested: Asiatic
hybrids — ‘Arabeska’, ‘Baltais dcis’, ‘Brushstroke’, ‘Evrika’, ‘Lasteka’, ‘Lolly’, ‘Miss Alice’,
‘Nakts Tango’, ‘Saules Meita’, ‘ViSenka’; Trumpetylirid ‘Zemgale’ and the speciek.
kesselringianunMiscz. andL. monadelphunBieb. The chemicals colchicine and oryzalin were
used in chromosome doubling. Bulb scales wereedeaiith a 0.1, 0.5 and 1 g kgolchicine
solution and a 0.05, 0.1 and 0.5 g'kgyzalin solution.

For chromosome number determination, the bulbs wepe in a washed river sand medium at 25
°C for 3 weeks — until clean and white root tipsl fikeveloped. Prior to chromosome counting,
these bulbs were kept for 24 hours at 4 °C. Afier treatment, undamaged healthy root tips were
cut off — about 5 to 7 mm long, and washed undening water. Because the process of cell
division can be stopped by colchicine before chremnees multiply, all dividing cells are allowed
to proceed up to this stage. The cut root tips vpereinto 50 ml beakers filled with 0.7 g kg
colchicine solution and kept for 2 hours; then veasthree times in running water and transferred
to a modified Clarke’s Fluid (750 g keethyl alcohol, 250 g Kgethanol glacial acetic acid) for 30
min at 20 °C. The acetic acid effect was neutrdlibg keeping the tips of the rootlets for 45
minutes in distilled water and 24 hours in 700 ¢ &thyl alcohol. For chromosome counting, the
root tips were left for 48 hours in a colouringan of 5 g kg carmine in 450 g Kgpropionic
acid. The root tips were cut to about 1-2 mm anda drop of stain, mashed with a steel needle.
The preparation was then covered. With a microscbgechromosomes were counted and cells of
five rootlets inspected for each genotype.

Results and Discussion

The bulb scales were treated with a 0.1, 0.5 agdkg" colchicine solutions. The treatment with
0.1 g kg' colchicine solution resulted in the productionidf bulblets per scale on average (min -
0.1; max - 2.8) (Fig 1).
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Figure 1. The results of the production of bulblgtgreated bulb scales with 0.1 g'kgplchicine
Abbreviations: K1 — 0.1 g kbcolchicine; Sx — Standard error

The treatment with a 0.5 g kgolchicine solution resulted in 0.97 bulblet oiage (min - 0.1;
max - 1.9) (Fig 2).
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Figure 2. The results of the production of bulbletgreated bulb scales with 0.5 g'kg
colchicine
Abbreviations: K2 — 0.5 g kgjcolchicine; Sx — Standard error

Bulb scales treated with 1 g kgolchicine solution produced 0.2 bulblet per scaleaverage (Fig
3). This concentration turned out to be toxic. Tuse of this concentration resulted in the
production of 10 polyploid plants.
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Figure 3. The results of the production of bulbltgreated bulb scales with 1 gkgolchicine
Abbreviations: K3 — 1 g K§colchicine; Sx — Standard error

The cultivars that excelled with a greater amoudnnim and max bulblets were: ‘Evrika’ (1.9 and
2.8), ‘Miss Alice’ (1.3 and 1.8), ‘Nakts Tango’ Bland 1.6), ‘Lolly’ (1.2 and 1.5). On average, less
than 1 bulblet was obtained with ‘ViSenka’ (0.2 &m@) and ‘Saules Meita’ (0.4 and 0.8). The
speciesL. monadelphunproduced 0.2 and 0.2 bulblets on averaya L. kesselringianun.
Miscz. - 0.1 and 0.1 bulblets on average. Theselteesnay be traced to the sensitivity of the
species to concentrations of colchicine solutiaiyploid plants were not produced.

Bulb scales were treated with oryzalin solutiorcémcentrations of 0.05, 0.1 and 0.5 §'Kig 4;
Fig 5 and Fig 6).
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Figure 4. The results of the production of bulbletgreated bulb scales with 0.05 g'kg
oryzalin
Abbreviations: O1 — 0.05 g Kegpryzalin; Sx — Standard error
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Figure 5. The results of the production of bulbketgreated bulb scales with 0.1 g'kg
oryzalin
Abbreviations: 02 — 0.1 g Kgpryzalin; Sx — Standard error

The obtained average yield of bulblets per scalg, wespectively, 1.23 (min - 0.5, max - 2.6),
0.95 (min - 0.1, max - 2.3), and 0.42 (min 0.0, rB). The use of 0.05 g kgryzalin solution
resulted in 2 polyploid plants, 0.1 g kgin 13 polyploid plants, but with 0.5 g kgoryzalin
solution no polyploids were produced. Bulblets mamecount and greater in size were
developed from outer scales of bulbs when comparather thinner scales.
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Figure 6. The results of the production of bulbketgreated bulb scales with 0.5 g'kg
oryzalin
Abbreviations: O3 — 0.5 g Kgpryzalin; Sx — Standard error

According to their morphological traits, selectiarfspolyploidy plants were made and the degree
of polyploidy was determined cytologically. Morpbgical differences between the diploid and
tetraploid forms of the same clone have been dduiieAsiatic hybrid lilies. Lengths of stems,
lengths and widths of leaves, lengths of petalsjbyers of leaves and flowers, data on flowering,
degrees of leaf scorch were all recorded at flavggtime (Okazaki and Hane, 2005). According to
the findings, most tetraploid forms came into blotater than diploids; in conclusion — higher
ploidity correlates with delayed flowering.

In our study we found that, in comparison with digk, the polyploid plants we produced had a
larger flower diameter (+2 up to 2.5 cm), more agtx plant height (+10 up to 20 cm), increased
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flower count (+2), and bloomed 4-10 days later thiyploids of the same variety. A visual
estimation of the bulbs also indicated differencéghen compared to diploids, the roots of
polyploids were shorter, rather stout, stumpy, sgnah numbers, and bulb scales were wider,
more swollen with the outer scales and curved90 degree angle.

The polyploid forms raise genotypic variability bliploid genotypes; improve their general
attractiveness; increase plasticity and resistageénst diseases and unfavorable biotic and abiotic
conditions. Okazaki and Hane, 2005 suggested hlegprioduction of true tetraploid Asiatic hybrid
lilies via colchicine treatment is necessary inyptsid breeding. A full understanding of the
agronomic traits of polyploid lilies requires theatuation of the morphological and physiological
differences among diploids, triploids and tetragoi

Conclusions

The scales of bulbs treated with 1 g'kgolchicine and 0.1 g Kgoryzaline solutions have
successfully produced polyploid forms. The duratbexposure might be for 2, 4, 6 and 24 hours.
Oryzalin inhibited plant cell division much morefesftively than colchicine, and is applied
successfully in doubling the number of chromosoimdswer concentrations (0.05, 0.1 and 0.5 g
kg") than colchicine (1 g kb. In our research, 5.5 % polyploids were obtaifreth the total
number of bulblets. The application of moleculagngmic and cytogenetic techniques can be of
great help for fastening interspecific hybridisatiprogrammes. Obtained polyploid forms were
used in interspecific crossings to restore feytilit
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KOLHIC INA UN ORIZAL INA PIELIETOSANA LILIJU (LILIUM L.)
POLIPLOIDIZ ACIJA

Balode A.
Liliju gints (Lilium L.) ir viena no ekonomiski n@migakajam vegetaivi pavairojamo folaugu
gintim. Lai ieditu jaunas Ernes ar glamam saimniecis&m ipadbam - plaSu ziedu kisu spektru,
izturigas pret peko puvi, kuru ierosinagses naBotrytisMicheli ex Fr.gints, tiek veikta selekcija.
Pekkas puves infekcijas @ zaudjumus cies liliju aud&aji, jo slimibas rezultta lilijas zaud
dekorativititi. Musdieras selekcijas darbs i€xsts uz to, lai veidotu pret slibam iztufigas &irnes,
kuru audzSara nehitu japielieto kimiskie augu aizsartlzas 1dzeKi, ta batu ekonomiski izdelga
un ekola@iski nekaitga. Ta ka daZdu grupu liliju sugas savstar@ nekrustojas un, laigovaretu
nesadabu, [Ec apaugpSaras barjeru, izsftda embriju kultikSanas metodes. Polipiijas
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pielietoSana selekaijai paplaSina maiibas ietvarus, paaugstina augu plastiskumu urilitipret
nelabligiem biotiskiem un abiotiskiem apktiem. Rtijuma nerkis ir izpetit un optimizt
poliploidijas pielietoSanas iegjas liliju selekcip, apstidajot liliju sipolu zvnlapas ar 0.1, 0.5 un 1
g kg kolhicina &idumu un 0.05, 0.1 un 0.5 gkgrizalina idumu.

GENETIC FINGERPRINTING OF LATVIAN RED CLOVER ( TRIFOLIUM
PRATENSE L.) VARIETIES USING SIMPLE SEQUENCE REPEAT (SSR) MARKERS:
COMPARISONS OVER TIME AND SPACE

Berzipa I.}, Zhuk A. ®, Veinberga |2, Rashal I.?> and Rungis D.?
!State Priekuli Plant Breeding Institute, ZinatnasRriekuli, Cesis distr.
Znstitute of Biology of University of Latvia, Mier3, Salaspils LV-2169
®Genetic Resource Centreigds 111, Salaspils LV-2169, Latvia, e-mdginis.rungis@silava.lv

Abstract

We have established Simple Sequence Repeat (SSRegmuenetic fingerprinting protocols for
red clover Trifolium pratensel.) varieties found in the Latvian Gene Bank (LGB} red clover

is an obligate outcrosser, and the varieties amvigrand renewed in the field without any
particular isolation techniques, a high degreentshivarietal heterogeneity is to be expected.

We analysed 7 diploid varieties, which were devetbin three different breeding stations. We
tested seeds from these varieties that were platedhe LGB in 1999 and 2000. In addition, we
analysed a range of source material for one vafiBtyekuli 66’). For this variety, we tested seeds
that were repatriated from the VIR institute (plhcato the VIR collection in 1982, seeds
reproduced in 2005), the samples from the LGB (septbduction - 1997), and also plant material
grown in the field this year (2007).

By analysing samples from various sources, we ceam@e the effect of space (varieties
developed at different breeding stations), as aglime (repatriated seeds, LGB seeds, and current
crop), in an obligate outcrossing crop species re/ivdra-varietal heterogeneity is high.

Key words: red clover Trifolium pratense L.genetic fingerprinting, Simple Sequence Repeat,
Latvian Gene Bank, plant genetic resources

Introduction

Red clover is an important forage legume, widelgvgr in temperate regions and used in crop
rotations. It is an obligate outcrosser, with a geophytic self-incompatibility system (Taylor and
Quesenberry 1996). Red clover is a diploid €£2x = 14) species, however artificial tetraploid
varieties have been created in breeding programsefally breeding programs are based on mass
selection, and therefore the varieties produced reterogeneous with highly heterozygous
individuals. Initial molecular analyses of this sjgs were undertaken using dominant marker
systems such as RAPDs and AFLPs (Ulbal, 2003; Herrmanet al, 2005). The development of
Simple Sequence Repeat (SSR) markers for red clwagrallowed the analysis of these highly
heterozygous varieties using highly informativedmmninant markers (Kollikeet al, 2006). At the
Latvian Gene Bank, we are in the process of estaiblyj protocols for genetic fingerprinting of all
species in our collection. We have focused ourreffon the use of SSR markers for as many
species as possible, due to their high informatimment (alleles per marker), co-dominant nature
(which allows more sensitive detection of heteramjty and variation within cultivars and lines),
and their ease of use (provided appropriate SSRanarimers have been developed).

Our aims were to establish SSR fingerprinting prot® for the red clover varieties placed in the
Latvian Gene Bank and to examine the inter- an@watietal variation of Latvian clover varieties.
Clover breeding has been undertaken in at leas¢ threeding institutes in Latvia, and the Latvian
Gene Bank holds seeds of accessions developed af @iese institutes. Currently, the main
institute involved with clover breeding and maintag the genetic resources is Skriveri Breeding
Institute, but varieties have also been developéleaPriekuli Breeding Institute and Stende. Prior
to the establishment of the Latvian Gene Bank, sohtkese cultivars developed at these breeding
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