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Abstract. Regenerated plantlets obtained through virus-easidic procedure were preserved
as meristem cloneis vitro. The progeny of each meristem was the basis faisteen clone.
We studied somaclonal variation of meristem clookthe new potato variety Reet created at
the Jdgeva Plant Breeding Institute (PBI). The awas to investigate the effect of
thermotherapy on variability of potato meristemnes. The results showed that meristem
clones differed in yield, number and weight of wghand late blight resistance. The research
provided new information about the effect of thethesapy. For the first time we detected
deviation from true-to-type in morphological chasatstics of meristem clones.
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INTRODUCTION

Meristem method has been used as a tool for etauticaf potato initial seed
material from virus diseases. The method is praltypthe following: a slice of
meristematic tissue is cut from the bud of a pamnsprout and cultivated into culture
medium for the regeneration of the whole new pldite exact method is varying
according to the treatments of plants or sprouws dhe used prior to the cultivation of
meristems, like thermotherapy, chemotherapy, x-etgs The meristematic tissue can
be excised from sprout or shoot; it can be lateralpical.

In the current study we present the comparativa @ftagronomical traits of
potato meristem clones as somaclonal variation. Aumaber of publications of this
topic is limited. Up to now the factors increasthg variability of meristem clones and
possibilities to create clones with positive vaoas are unclear. Therefore the
importance of influence of thermotherapy, growthrrhones and genotype on
development of variations was studied.

Despite the large number of potato varieties albglaand breeding of new
varieties, some old varieties are still importargt @arriers of valuable genetic
information. Meristem clones with improved traitewld be helpful for potato growers
— disease resistant meristem clones with unifofpertishape and size and with higher
yield capacity enable to reduce the use of chesii@d others costly inputs.
Consequently the production would become environatigrfriendlier.
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The variability of potato genotypes was under dietaiobservation from the
disease-resistance point of view. The resistanbadterial and fungal diseases enables
to produce potato with environmentally friendly meds. Therefore the genotypic
reaction of breeding material and old varietiesligeases was studied (Pasco et al.,
2006; Lebecka et al., 2006).

Our current knowledge says that the selection afgtean clones with suitable
characteristics enables to improve new as wellapatato varieties. Having a close
cooperation with local potato breeders, the pramgisiew selections are brought to the
EVIKA lab for eradication, meristem culture estahtnent and for selection of
meristem clones with the best characteristics. @y the breeding procedures with
improved material will continue.

Up to present we have studied the agronomicabktrditmeristem clones of many
varieties and our results indicated that the mamstlones differ considerable on yield
and late blight resistance (Rosenberg et al., 22047, 2008).

In our earliest tests such kind of deviations inrphelogical characteristics
between meristem clones as resulted in the presgedy were not evidenced. We
noticed relatively low difference in such kind obrphological characteristics as the
following: quicker development, stronger plantsrasre intensive flowering.

MATERIALS AND METHODS

The variety Reet.The new medium to late ripening potato variety Reet been bred
at the J6geva PBI and was included into the Estoarad European Variety List in
2007. The variety Reet is a selection from theshmtween the Estonian variety Mats
and the German variety Gitte. The variety Reetrhaistance to nematode (Rol) and
wart disease (D1). There have been estimated aitdection with black scurf,
common scab, potato virus and potato late blighhals good cooking quality and
characteristics as shallow eyes, regular shapenandnzymatic and after cooking
darkening. The variety is suitable for organic famgn(Tsahkna & Tahtjarv, 2008).
Cultivation of meristem clones and preparation of é€st material. The initial
“mother” plant, from which the plants were multgdi for testsin vitro by micro
cutting, was selected from the meristem clone 384t meristem clone was eradicated
from viruses earlier, tested and selected in fiestis as the best meristem clone.
Meristem tissue, 0.2—0.3 mm in size, was cut fragcal or lateral buds of green
plants that passed through thermotherapy treatfel@; 42 or 56 days for 16 h at 37—
39°C and 8 h at 33-36. The explants were cultivated on Murashige-Skoeglium |
modified by the EVIKA. The plants regenerated withi-9 weeks. Stunted regenerates
without root development, chlorotic and abnormalf ler stem shape were eliminated
from test. The first selection was made at theestafgthe first meristem plants. The
selected plants were propagatedvitro by micro cuttings. Their progenies were the
basis for the meristem clone.
Field trials. The field trials were conducted in the test fiefdhe Department of Plant
Biotechnology EVIKA of the Estonian Research Ingét of Agriculture in North-
Estonia and at the JOogeva Plant Breeding Instituldid-Estonia. In the trials the first
generation tubers were used for the first yealstréand in the following year the
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second-generation tubers were respectively usegltridis were set in random block-
placement in 4 replications, 20 tubers per plot.

Potato was fertilized with complete chlorine fremenal fertilizer (containing 50
g kg' N, 50 g kg' P and 100 g k§K) by 500 kg h# locally in spring.Planting time
depended on weather conditions and varied from Bfayp to May 15 as well as
harvesting time — from September™ap to 30. The chemical weed control was
carried out when it was needed and potato wasdhillp 2-3 times during the
vegetation period. No chemical disease or pestrabontas used in the EVIKA test
fields. At the JBgeva Plant Breeding Institutejmes late blight and 3 times insect
control was used.

The potato plants were evaluated during the whaobsvimg period. The initial
development, emergence, beginning and intensifioafering, infection to late blight
were evaluated. The number of tubers per plantosasted and the weight of tubers
was measured at harvesting time.

Dispersion analysis was performed with unsmoothddinal data by using
Statistic 7.0 software (Statsoft, 2005). The resuf the dispersion analysis are
presented as a calculation of F statistics 5,M#MSeror (MS — mean square), the F
sub indexes are showing “model degrees of freedamd “number observation
degrees of freedom”. The influence of a factor waen at the level of significance p
< 0.05.

RESULTS AND DISCUSSION

The main aim of our research was to study the agnim traits and
morphological characteristics of the meristem cfoné the potato variety Reet. The
aim of the current research was also to studyrifieeince of thermotherapy duration to
the variation of meristem clones.

In our previous tests we used for the creation efistem clones the plants
regenerated from the sprouts that passed thernapnerdn this experiment the
meristem clones were created from the meristemsratgd from the plants of the
meristem clone 364, which was created earlieretkahd selected in field tests as the
best meristem clone. The initial plants of the stern clone 364 were virus-free and
the aim was not the virus eradication, but shely of the influence of duration of the
thermotherapy on the traits of meristem clones.

In the table 1 there are presented two years yatd from the both growing
locations. It is clearly indicated that the yiellmeristem clones of the variety Reet
depended on growing year and location. It was alMdenced that among the 20
meristem clones tested no successors from the @6deexceeded statistically the
yield of the “mother” clone. The clone 392 had Hgkield in three cases. Most of the
meristem clones had lower yield compared to yidldhe “mother” clone 364. For
example, total yield of the meristem clone 7184 was times lower compared to the
“mother” clone. The yield difference was up to 2012i*. The generated clones were
not higher yielding than the “mother” clone. We aaeceived similar results in our
earlier experiments (Rosenberg et al., 2004).
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The data indicate (Fig. 1) that the yield of theristem clones depended on the
duration of thermotherapy. There are no availabla dbout such kind of research and
collected information base only on the resultswfexperiment.

The number of tubers per plant depended on durafitmermotherapy (Fig. 2).

Fa.80 = 4.6 p<0.05
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Figurel. The yield of tubers depending on days of thermathy.

F3.80 = 8.85 p<0.05
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Figure 2. The number of tubers per plant depending on datfsermotherapy.

Considerable differences in the number of tubersgtent between the
meristem clones were noticeable. Correlation betviekers per plant and yield
was found. The number of tubers per plant was higlfter 16 days and the
lowest after 56 days of thermotherapy. The datacatd that the weight of
tubers was influenced by duration of thermother@pg. 3).

The longer period of thermotherapy resulted in éigluber weight. In the case
without thermotherapy and thermotherapy of 42 dtyesaverage weight of tubers was
similar By visual evaluation, different appearan€¢he plants of the clones from 7181
to 7189 occurred, in both years and both locatidhe plants were higher, the stems
were finer and pigmented leaves were narrow andeflimg period started later. Those
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meristem clones were more late blight resistant lzaml longer growing period. The

tubers were bigger, but fewer per plant and thlssowere longer comparing to the
tubers of other meristem clones. At same time lia@e and colour of tubers were true-
to-type.
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Figure 3. The average weight of tubers depending on dayiseomotherapy.

The yield of the most meristem clones with abnoraggbearances was lower,
except the meristem clone 7185. The yield of tlmel7185 was similar to “mother”
plant in EVIKA and even higher at the J6geva PB20®8. There was severe infection
of late blight in 2008. The clones of 7185 occuti@tbe more resistant to the infection.

In 2008, the plants of meristem clones true-to-tiyperered fully on July the 1%
and the stems were completely destroyed up to midéliSeptember. The plants of
atypical meristem clones started to flower justhatend of July and were green up to
the end of September until the first night froStke clone 7185 had the highest late
blight resistance and higher yield capacity.

We have to conclude, that two years results are emmugh to make final
conclusions about the traits of the meristem clorag the results confirmed our
earlier findings that there were differences betwaeristem clones and they could be
both — positive or negative. The new fact was thate existed variation of clones in
tuber size influenced by the length of thermothgrdjme somaclonal variation induced
by meristem culture is not thoroughly studied ydowever, there are data about
variations induced in callus culture and the pobsés to use the technique in plant
breeding (Sebastiani et al., 1994). Different ggpes were received from the callus
culture generated by growing hormones from leafreags (Tikan et al., 2008). The
authors concluded that the obtained results wasmiging on creating the late blight
and virus resistant potato varieties.

The beneficial use of variations induced by catlukure on potato breeding and
improving of varieties, has been considered in maagearch investigations. By the
results of many years trials was found that 17 dmaoieties and more than 13,000
variations induced by callus culture differed frdme donor variety in number of tubers
per plant, tuber size, starch content, deepnesyed and others traits. The authors
have expected to use this phenomenon in breedouggs (Thieme & Griess, 2005).
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Table 1.Yield of tubers t hdand relative yield at the EVIKA and the J6geva RBil
fields in 2007 and 2008.

Clone Yield Relative Yield Relative Yield Relative  Yield Relative
No 2007+ yield 2008*  vyield 2007** yield 2008** yield

2007* 2008* 2007** 2008**

364 47.2 1.0b 40.1 1.0b 42.8 1.0b 64.0 1.0b
68 46.9 1.0a 41.1 1.0a 42.9 1.0a 60.6 0.9a
73 36.7 0.8a 35.2 0.9a 37.2 0.9a 56.0 0.9a
74 36.6 0.8a 34.4 0.9a 42.9 1.0a 54.9 0.9a
108 48.9 1.0a 38.1 1.0a 34.3 0.8a 59.5 0.9a
111 49.1 1.0a 34.0 0.8a 42.8 1.0a 41.7 0.7a
122 53.6 l.1a 36.4 0.9a 37.2 0.9a 65.7 1.0a
130 45.0 1.0a 39.3 1.0a 40.0 0.9a 59.5 0.9a
392 46.5 1.0ab 40.3 1.0ab 45.7 1.1ab 46.3 .7ah0
417 38.7 0.8ab 36.3 0.9ab 31.4 0.7ab 63.4 .Oabl
705 38.3 0.8b 36.1 0.9b 37.1 0.9b 61.7 1.0b
714 44.7 0.9b 29.6 0.7b 42.9 1.0b 59.5 0.9b
7181 32.0 0.7b 32.8 0.8b 31.4 0.7b 58.8 0.9b
7182 46.1 1.0b 42.1 1.0b 34.3 0.8b 59.4 0.9b

7183 28.2 0.6b 30.9 0.8b 31.4 0.7b 57.7 0.9b
7184  27.0 0.6b 20.5 0.5b 31.4 0.7b 52.6 0.8b
7185 39.9 0.8b 25.4 0.6b 31.4 0.7b 66.3 1.0b
7187 32.0 0.7b 21.6 0.5b 37.2 0.9b 49.2 0.8b
7188 29.3 0.6b 21.7 0.5b 31.4 0.7b 54.8 0.9b
7189 37.1 0.8b 19.1 0.5b 31.4 0.7b 60.7 0.9b
794 38.7 0.8b 26.8 0.7b 42.9 1.0b 52.5 0.8b

N'=84

SF’=0,015

CL3=0,063

N*= number of samples; $E standard error; Cl= confidence limits gp = 0.05
*EVIKA; **Jbgeva PBI

Use of different growth hormones and ultravioleghti can increase the
development of variations and mutations of callukuce. The authors concluded that
in such way is possible to increase salt and drotalérance (Ehsanpour et al., 2007).
The callus of the variety Bintje was obtained fretem internodal tissue, subterminal
tuber tissue culture and mesophyll protoplastsirofvitro grown plants. Nine
somaclones were analysed, all of them were morgiadband cytological chimeras
(Jelenik et al., 2001). The previous studies shotlvatithe somaclones obtained by use
of callus culture could differ from mother or donwgariety in morphological or
cytological characteristics.
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Meristem culture and its variability are supposedde in between intact plant
culture and callus or cell culture. There are lhdechromosomal or gene mutations in
meristem culture as a rule, but the frequency aftpoutations can be higher than has
intact plant culture. It is assumed that meristertiuce itself produces only a little
amount of somaclonal variations but the variabilign be increased by the other
factors such as higher concentration of growth lomes in nutrient medium. Our
studies with many varieties have evidenced thaisteen clones may differ in their
agronomic traits and disease resistance. More@d@mmeristem clones of 40 varieties
have been studied for a long time period. The teshowed that meristem clones
differed: in yield, tuber weight, number of tubger plant, starch content and disease
resistance (Rosenberg, 1995; 2004; Rosenberg 208B; 2007).

Meristem clones as the basic material for somathardation and its application
possibilities were studied together with the Jog&fant Breeding Institute. The
varieties Anti and Juku and breed J1488-88 (Reef)ewncluded in the test. The
variety Juku demonstrated the highest variatioagronomic traits. The breed J1488-
88 was characterized by the highest variation @istence tdPhytophthora infestans
(Koppel et al., 1999; Koppel & Rosenberg, 1998)e Tittensity of virus biosynthesis
and susceptibility to the viruses in meristem ctoakthe same variety as well as in the
meristem clones regenerated from the meristem tgubfaom different parts, apical
and lateral buds of shoot, immature flower bud shene plant, were studied. The
intensity of virus biosynthesis and susceptibitdythe viruses of PVX in 17 meristem
clones of the varieties Premiere, Eba and KonddrRW¥M in 27 meristem clones of
varieties Vigri, Eba, Kondor and Premiere were igdd The dependence of virus
resistance of the meristem clones on the locatibmeristem in the plants was
obtained (Agur & Rosenberg, 1999).

Our experiences have shown that the variabilitynaristem clones serve as
excellent tool in improving yield and other agronontraits of varieties in seed
production and breeding. In the future the detasiedlies about variations of meristem
clones, their genetic background and the possdslito improve the resistance to
viruses, bacterial and fungal diseases will beinaet.

CONCLUSIONS

Our experiences have shown that the variabilitynefistem clones can serve as a
valuable tool in improving yield and other propestiof potato varieties and breeds. For
the first time not true to-type morphological chaedistics of clones were detected.
We have reason to presume that such kind of dewiatas affected by longer period
of thermotherapy and higher concentration of growghmone in medium.

We can conclude that before supplying the seedugtmh with initial disease-
free material it is necessary to test meristemedomm field trials. Good quality of
initial material can be obtained and preserved l@nmin vitro and be multiplied for
seed production by using rapid methods. The studfesesistance to viruses and
Phytophthora infestangrovided a lot of useful data but needs more betai
investigations to use the somaclonal variationlampbreeding.
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