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ABSTRACT

The genetic diversity was investigated among twoysamthemum Ghrysanthemum x grandiflorum
Ramat./Kitam.) cultivars ‘Lady Salmon’ and ‘Lady Kkflora’ and its 15 lines of plants derived from so
matic embryos in using ten random amplified polypinic DNA (RAPD) markers. All primers gave
108 bands with 1218 products from 148.65 to 439b2 size. The average number of bands per primer
was 10.8. Most fragments (54; 50%) were polymorp8i€).8%) specific and others (45; 49.2%) were
monomorphic. Cluster analysis grouped all the eait and their lines into two main clusters and swb-
clusters. Most genetic diversity was characteristid_S2 lines of plants derived via somatic embmsyog-
sis from cultivar ‘Lady Salmon’. All lines were diffent from each other and from the original cultivar
propagated by meristematic explants. RAPD markersadrelpful tool to detect the genetic diversity of
chrysanthemum plants derived via somatic embryagier{8E). Our result will provide useful information
for production laboratory and for breeding progragsm
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INTRODUCTION

ChrysanthemumGhrysanthemum x grandiflorum also has numerous health-promoting qualities [Lin
Ramat./Kitam.) is one of the most important ornsand Harnly 2010]. In order to increase the produc-
mental plants in horticultural production. It isogm tion, it is more and more frequently propagatedhin
both for cut flowers or as potted plant. It is aie¢he vitro culture laboratories. The laboratory production
leading species on the global market. Its storyahegis extremely important to maintain the stabilitytbé
in the Far East, Japan and China but today ites pigenetic variations. It is not easy with chrysanthe-
sent on all the continents [Teixeira da Silva 2004mums, given the fact that about 50% of the cultivar
Itis characterized by enormous wealth of colourare periclinal chimeras with the outer layer oflsel
shapes and types of inflorescences as well as faltered only [Stewart and Dermen 1970, Bush et al.
plant habit. Due to its long flowering period, & i 1976, Van Harten 1998, Zalewska et al. 2007]. Such
often used in the compositions and arrangements plants retain the properties characteristic ofadpc-
space, both in the gardens of the countryside andtion only by using meristematic explants and omy o
the cities. In addition to its decorative qualifis media without growth regulators added. The remain-
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ing 50% of the cultivars are homogeneous tissue. The previous cytometry studies by Lema-
They can be propagated through the norRuminska andSliwinska [2015] with the chrysan-
meristematic explants since, regardless of whithemums SE line revealed no changes in ploidy
layer regenerates new shoots or embryo, chimeplants despite morphological and biochemical differ
separation of components does not occur. This ences, which gave rise to more detailed research on
possible by applying two methods: adventitiouthe genetic diversity of the lines applying molecul
shoots [Broertjes et al. 1976, Jerzy and Zalewskmarkers. To our knowledge, our study is the first
1997, Song et al. 2011, Teixeira da Silva et al520 attempt to analyze genetic stability of somatic em-
and somatic embryogenesis [Lema-Raéska and bryo-derived plants of chrysanthemum.
Sliwinska 2015]. These methods involve growth The aim of this study has been to analyze the ge-
regulators; in addition, the regeneration oftenuosc netic diversity of somatic-embryo derived plants of
indirectly via callus [Zalewska et al. 2011, Xuadt chrysanthemum cultivars and their lines by theafse
2012, Naing et al. 2013a, b, Lema-Ruskia and RAPD markers.
Niedojadto 2014]. As a consequence, the resulting
plants can be unstable [Miler and Zalewska 2014MATERIALS AND METHODS
Until now it is the flow cytometry (FCM) which has
been a widely used method to study the genetic sPlant material
bility of plants produced by micropropagation [Bint  The two cultivars ofChrysanthemum x grandiflo-
et al. 2010, Naing et al. 2013b, Prado et al. 201rum Ramat./Kitam., ‘Lady Salmon’ and ‘Lady Vitro-
Konieczny et al. 2012, Currais et al. 2013, Leméflora’ by Jerzy and Zalewska [1996] and their
Ruminska andSliwi nska 2015]. However, changes in15 lines of plants obtained via somatic embryogene-
the genetic material may be not only quantitatiue b sis by Lema-Runfiska andSliwinska [2015] were
also qualitative. The latter, even the smallesingea studied. In chrysanthemum cultivars ‘Lady Salmon’
point, can be detected using molecular markerand ‘Lady Vitroflora’ the number of chromosomes is
RAPD markers have been still used for the study 2n = 6x = 54[Lema-Rumhaska and Zalewska 2002].
genetic differentiation between cultivars [Wolffcan The ‘Lady Salmon’ cultivar has a chimera structure,
Peters-Van Rijn 1993, Wolff et al. 1995, Wolff 1996while ‘Lady Vitroflora’ — a non-chimera structure
Myskéw et al. 2001, Mukherjee et al. 2013], oi(homohistont form). Both cultivars were selecteé du
a group of the cultivars produced by mutagenesthe highest somatic embryogenesis ability.
[Lema-Rumnska et al. 2004, Chattarjee et al. 2006, Eight lines of ‘Lady Salmon’ (LS1-LS8) and
Minano et al. 2009]. seven lines of ‘Lady Vitroflora’ (LV1-LV7) were
To understand the molecular systematics, genederived from somatic embryos and control plants LSO
differences and the population structure of gernand LVO — fromin vitro microcuttings shoots apexes
plasms in chrysanthemums, except for RAPD marl(with meristems). For the purpose of DNA extraction
ers, as well as other types of molecular markers: a100 mg of young fresh leaves from each line and
plified fragment length polymorphism (AFLP) cultivar grown in greenhouse was collected.
[Roein et al. 2014], inter simple sequence repeats
(ISSR) [Mukherjee et al. 2013, Baliyan et al. 2Q14]DNA extraction
the simple sequence repeats (SSR) genomic poly- Leaves were homogenized using liquid nitrogen.
morphism [Zhang et al. 2014], conserved DNADNA was extracted with the Genomic Mini AX Plant
derived polymorphism (CDDP) markers are used [L(A&A Biotechnology, Poland) following the manu-
et al. 2013]. The start codon targeted (SCoT) aimly facturer’'s instructions. In addition to the kit, Rie
was performed to investigate genetic diversity anwas used. The DNA concentration was quantified
relationships in medicinalChrysanthemum mori- using a UV-VIS Spectrophotometer (UV-VIS 1601
folium cultivars [Feng et al. 2016]. SHIMADZU, Japan).
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RAPD analysis analysis was carried out and a dendrogram was con-
RAPD loci were generated with ten arbitrarystructed with the STATISTICA'12 software package
primers (DNA Gdask, Poland) selected based on th(StatSoft). The dendrogram generated using un-
references and sequences shown in Table 1. Pweighted pair group method (UPGMA) with arithme-
reactions were performed twice for all plant matisri tic averages and the agglomerative, hierarchice-cl
in Eppendorf tubes in 25ul containing 1 pl of temtering was made. Additionally, to evaluate the dgiene
plate DNA (20 ng/ul), 12.5 pl 2 x PCR MIX PLUSsimilarity, Ney's coefficient [Nei and Li 1979] was
(A&A Biotechnology, Poland), 2.5 ul of each primercalculated.
(1 uM) and ultrapure water. Amplification was per-
formed in Bio-Rad Thermal Cycler C1000 Tollth RESULTS AND DISCUSSION
(Hercules, CA, USA) programmed according to
Lema-Rumhska et al. [2004]. PCR products wereAll 10 primers gave reproducible profiles of amiplif
separated on 1.5% agarose gels stained with ethidiication products used to study the genetic diversdity
bromide in 1 x TBE buffer. The DNA bands size wacultivars and cultivar lines derived via somatic-em
identified with the use of ‘Gel Doc’ gel documenta-bryogenesis. All the primers generated a totalG§ 1
tion system (Bio-Rad, Hercules, CA, USA) and Gebands with 1,218 products ranging in size from
IAnalyzer 2010 software (Copyright 2010 by Istvarl48.65 to 4391.20 bp. The number of fragments per
Lazar and Dr. Istvan Lazar). primer ranged from 8 to 15 bands. On average, one
primer generated 10.8 bands. Most, 54 bands (50%),
were polymorphic, and only 9 were specific bands
Data analysis (0.8%), the rest (45 bands) were monomorphic. The
The band patterns received with each RAPlamplification profiles of the genotypes investighte
primer scored as present (1) or absent (0). Ordy dwith representative primer are shown on Figure 1.
tinct, reproducible bands which did not vary betweePercentage of polymorphic to monomorphic bands
replications were used for the calculations. Clustdfor all the primers ranged from 4.35% (L$d)

Table 1. Sequences of the primers selected and the numlaengffication-generated products in RAPD analysis

Primers Total Number No of polvmorohic No of specific
Sequence numer of bands polymorp bands per References
code . bands per primer .
of bands  per primer primer
A 5-GGG AAT TCG G-3' 119 13 9 1
B 5-GACCGCTTG T-3& 131 9 4 0 Lema-Rumiska et
i i al. [2004]
C 5-GGACTG GAG T-3 100 11 6 1
D 5-GCT GCC TCA GG-3 128 9 3 1 Shibata et al.
E  5-TAC CCA GGA GCG-3' 85 5 1 [1998]
F 5-CAATCG CCG T-3& 76 8 3 2
Wolf [1996]
G 5-GGT GACGCA G-3 145 11 4 1
H 5-CCC AGT CAC T-3 112 15 12 1 Martin and Gonza-
|  5-TGGCGTCCT T-3 191 15 6 1 les-Benito [2005]
, , 131 9 2 0 Chattarjee et al.
J 5-AGC GTG TCT G-3 [2006]
Total 1218 108 54 9
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Fig. 1. RAPD profiles of bands of chrysanthemum cultivars #rar lines obtained via SE: M, Gene-
-Ruler» DNA Ladder (Thermo Scientific, Poland), LSO — contptdnts of ‘Lady Salmon’ from meris-

tematic explants, LS1-LS8 somatic embryo-deriveahtd of ‘Lady Salmon’, LVO — control plants of
‘Lady Vitroflora’ from meristematic explants, LV1-LV3omatic embryo-derived plants of ‘Lady Vitro-
flora’
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Fig. 2. Dendrogram of the cultivars and their chrysanthentines obtained via somatic embryogenesis
revealed by cluster analysis (UPGMA). AbbreviationsKege 1
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27.54% (LS2) in ‘Lady Salmon’ and its cultivar line cultivar subgroups LSO0-LS8 (without LS2) and
while in ‘Lady Vitroflora’ (LVO-LV7) it ranged from LVO-LV7. Within the subgroup of ‘Lady Salmon’ the
8.57% (LV1 and LV4) to 17.14% (LV6). greatest genetic similarity occurred in line LSWa
The greatest number of polymorphic bands, reacLS8, while the greatest similarity to the contrtamnis
ing 30%, was found in line LS2, moreover, we havderived from meristematic explants occurred in line
shown the most specific bands in this line. OudstuLS1. Cluster analysis confirmed that the cultivansl
ies have shown that all the lines derived from Y.adlines tested generated by somatic embryogenesis are
Salmon’ and ‘Lady Vitroflora’ via SE differ in the different.
number and position of the bands of the contrdicul A high level of polymorphisms provided, in the
var (propagated by meristematic explants) and en tcluster analysis, a dendrogram in which there blear
other lines. separated 2 major groups, divided into two sub-
All the products obtained with 10 primers weregroups. Line LS2 has formed a distant cluster being
used to construct the dendrogram and cluster analya group separate from the other lines, LS and LV.
using UPGMA method (fig. 2). Cluster analysisGenetic diversity evaluation with RAPD markers for
readly separated the cultivars and lines into tvainm the line resulting from somatic embryogenesis has
groups, with one of the major group being furtheshown a surprisingly high genetic variation between
divided into two subgroups. Cluster analysis corindividual lines LS1-LS8 and LV1-LV7 and control
firmed line LS2 greatest genetic distance, whicplants (derived from meristematic explants) in ehry
formed a separate cluster distant from the other tvsanthemums. Genetic variability in plants viNti

Table 2. Similarity coefficients among cultivars and theirds obtained via SE in chrysanthemum using RAPD emark

LSO LS1 LS2 LS3 LS4 LS5 LsS6 LS7 LS8 LVO Lvl Lv2 LV3LV4 LV5 LV6 LVv7

LSO 1

Ls1 0.93 1

LSs2 0.70 0.69 1

LS3 0.80 0.83 0.82 1

LS4 0.87 081 0.76 0.89 1

LS5 085 084 078 087 091 1

LS6 0.80 0.77 078 091 0.88 0.89 1

LS7 079 077 079 088 082 084 0.93 1

LS8 079 077 078 087 081 082 0.930.98 1

Lvo 079 079 073 079 082 087 081 080 0.80 1

Lvi 080 082 081 083 083 085 082 079 0.81890. 1

Lv2 081 080 075 081 084 086 083 081 0.82880. 0.84 1

Lv3 082 079 080 082 080 080 080 080 0.80840.0.83 0.9 1

Lv4 081 08 081 078 083 079 079 079 0.83840.0.73 094 0.95 1

Lv6 079 082 083 077 082 082 083 083 0.81810. 0.76 085 0.89 0.89 1

Lvé 085 081 080 079 082 081 085 082 085770.0.76 088 084 089 0.83 1
Lv7 082 083 079 080 080 080 082 081 0.83810.0.77 094 090 091 0.88 0.89 1
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and Li [1979] similarity coefficient was from 0.G0 The studies by Viehmannova et al. [2014], using
0.98, respectively, in LS2/LS1 and in LS7/LSEISSR markers and flow cytometry in yacon on so-
(tab. 2). As many as 50% were polymorphic bantmatic embryo-derived plants also showed polymor-
and 0.8% of the bands were specific. Differences phisms evidence of somaclonal variation, however
colour and the content of pigments in inflorescancea cytometric study showed no differences. No differ
(particularly evident in line LS) have been ideetlif ences in ploidy, which could be detected by FCM,
by Lema-Rumiska andSliwinska [2015]. The au- demonstrates that during SE, the number of chromo-
thors also investigated the genetic stability afstn somes or the ploidy of the test plants does not
cultivars and lines applying flow cytometry, how-change. The changes detected by the use of malecula
ever, they did not show any changes in the ploidy markers is usually sowing small changes occur in
the test plant material. both the coding and non-coding sequences distdbute
The reports by Lema-Runska et al. [2004] point over the entire huge genome contained in 54 chromo-
to a variation in the genetic level (from 0.50 t83) somes of chrysanthemums. The variability detected
using RAPD markers in mutants in the ‘Lady’ culti-by RAPD markers shows that regardless of whether
var group, including control cultivars ‘Lady Salmon the chrysanthemum cultivar is a chimera (‘Lady
(LSO) and ‘Lady Vitroflora’ (LV0), which was simi- Salmon’) or not-chimera (‘Lady Vitroflora’)the
lar as in the study of the plants derived from stiena variability is at a similar level.
embryos. Similarly Chattarjee et al. [2006], inwest
gating 10 original chrysanthemum cultivars anCONCLUSIONS
11 mutants, found a variation at a similar genetic
level in the range from 0.17 to 0.90 using RAPD Cluster analysis of chrysanthemum plants result-
analysis. Similar results were reported also by Muling from somatic embryogenesis grouped all the
herjee et al. [2013] in RAPD and ISSR studies ccultivars and their lines into two main clustersdan
40 non-related chrysanthemum cultivars; the culéivatwo subclusters. All lines LS1-LS8 and LV1-LV7
showed a high level of polymorphism (from 0.23 tawere different from each other and from the origina
0.68), which makes them distinguishable on thesbascultivar LSO or LVO respectively.
of banding pattern. In our study on somatic embryo- The large variability (from 0.69 to 0.98) at geneti
genesis derived plants genetic variability was loweevel of chrysanthemums plant derived via somatic

(from 0.69 to 0.98) than in non-related chrysantheembryogenesis can be considered as a new source of
mums, but similar to mutants derived in mutatiolariation in breeding programmes.

breeding.

The greatest genetic similarity (of up to 0.99ACKNOWLEDGMENTS
among the somaclons studied with a different inflo-
rescence colour obtained by regeneration of adventi Thanks to Bernadeta Gierszewska for her proof-
tious shoots in ‘Albugo’ Group and ‘Alchimist’ reading of the manuscript.
Group was received by Miler and Zalewska [2014].
A genetic diversity in mutants gave rise to diStinREFERENCES
guishing related mutant cultivars by Lema-Riskia
et al. [2004]. Our studies also show that the denetaliyan, D., Sirohi, A., Kumar, M., Kumar, V., Malil§.,
diversity of plants derived via somatic embryogénes Sharma, S., Sharma, S. (2014). Comparative genetic
is similar as in the mutants obtained by induced diversity analysis in chrysanthemum: A pilot study
mutagenesis. Such changes can be due to the growttbased on morpho-agronomic traits and ISSR markers.
regulators added to the medium at induction stdfje S Sci. Hortic., 167, 164—168.
in in vitro cultures (especially 2.4-D) and /or instabil-Broertjes, C., Roest, S., Bokelmann, G.S. (1976 taltilan
ity resulting from the indirect regeneration vidlies breeding ofChrysanthemum morifolium Ram. usingn

154 www.hortorumcultus.actapol.net



Lema-Ruminska, J., Mellem, A. (2017). Genetic diversity of chrysanthemum plants derived via somatic embryogenesis using
rapd markers. Acta Sci. Pol. Hortorum Cultus, 16(6), 149-156. DOI: 10.24326/asphc.2017.6.13

vivo and in vitro adventitious bud techniques. (Ramat./Kitam.). Acta Sci. Pol. Hortorum Cultus,
Euphytica, 2511-19. 14(3), 131-139.

Bush, S.R., Earle, E.D., Langhans, R.W. (1976).tRlen Li, T., Guo, J., Li, Y., Ning, H., Sun, X., Zheng, CO(@B).
from petal segments, petal epidermis and shootdifips Genetic diversity assessment of chrysanthemum germ-

the periclinal chimera,Chrysanthemum morifolium plasm using conserved DNA-derived polymorphism
‘Indianapolis’. Am. J. Bot., 63, 729-737. markers. Sci. Hort., 162, 271-277.

Chattarjee, J., Mandal, A.K.A., Ranade, S.A., Teix€iaa Lin, L. Z., Harnly, J. M. (2010). Identification d¢he phe-
Silva, J.A., Datta, S.K. (2006). Molecular systemiic nolic components of chrysanthemum flow&h(ysan-
Chrysanthemum x grandiflorum (Ramat.) Kitamura. themum morifolium Ramat). Food Chem., 120, 319-
Sci. Hortic., 110, 373-378. 326.

Currais, L., Loureiro, J., Santos, C., Canhoto,.JA013). Martin, C., Gonzales-Benito, M.E. (2005). Survivalda
Ploidy stability in embryogenic cultures and regene  genetic stability oDendranthema grandiflora Tzvelev

ated plantlets of tamarillo. Plant Cell Tiss. Ordauilt., shoot apices after cryopreservation by vitrificatend
114, 149-159. encapsulation-dehydratatiorCryobiology, 51, 281-

Feng, S.G., Hea, R.F., Jianga, M.Y., Lua, J.J., Shénb, 289.

Liuc, J.J., Wangb, Z.A., Wanga, H.Z. (2016). GenetiMiler, N., Zalewska, M. (2014)Somaclonal variation of
diversity and relationships of medicin&hrysanthe- chrysanthemum propagatéd vitro from different ex-
mum morifolium revealed by start codon targeted plants typesActa Sci. Pol. Hortorum Cultus, 13(2),
(SCoT) markersSci. Hortic., 201, 118-123. 69-82.

Jerzy, M., Zalewska, M. (1996). Polish cultivars@@én- Minano, H.S., Gonzalez-Benito, M.E., Martin, C. (2009).
dranthema grandiflora Tzvelev andGerbera jamesonii Molecular characterization and analysis of somaalon
Bolus bredin vitro by induced mutations. Mutat. variation in chrysanthemum cultivars using RAPD
Breed. Newsl., 42, 19. markers. Sci. Hort., 122, 238-243.

Jerzy, M., Zalewska, M. (1997). Flower colour recnocee  Mukherjee, A.K., Dey, A., Acharya, L., Palai, S.K., Ban
in chrysanthemum and gerbera mutants propagated P.C. (2013). Studies on genetic diversity in elidgie-
vitro from meristems and leaf explants. Acta Hortic., ties of Chrysanthemum using RAPD and ISSR mark-
447, 611-614. ers. Indian J. Biotechnol., 12, 161-169.

Konieczny, R., Sliwinska, E., Pilarska, M., Tulejsl. Myskéw, B., Maso§, P., Banek-Tabor, A., Szotkowski, A.
(2012). Morphohistological and flow cytometric analy ~ (2001). Genetic diversity of inbred rye lines evatua

ses of somatic embryogenesisTinfolium nigrescens by RAPD analysis. J. Applied Genet., 42(1), 1-14.

Viv. Plant Cell Tiss. Organ Cult., 109, 131-141. Naing, A.H., Kim, C.K., Yun, B.J., Jin, J.Y., Lim, K.B.
Lema-Rumhska, J., Zalewska, M. (2002pcena ploidal- (2013a). Primary and secondary somatic embryogene-

nosci mutantéw chryzantemy wielkokwiatowepén- sis inChrysanthemum cv. Euro. Plant Cell Tiss. Organ

dranthema grandiflora Tzvelev) uzyskanych w wyniku Cult., 112, 361-368.
mutagenezy indukowan@p vitro i in vivo promienio- Naing, A.H., Min, J.S., Park, K.I., Chung, M.Y., Lim}§,
waniem jonizujcym. Acta Sci. Pol. Hortorum Cultus, Lim, K.B., Kim, C.K. (2013b). Primary and secondary

1(2), 43-48. somatic embryogenesis in Chrysanthemu@hrysan-
Lema-Rumihska, J., Zalewska, M., Sadoch, Z. (2004). themum morifolium) cv. ‘Baeksun’ and assessment of
Radiomutants of chrysanthemumDehdranthema ploidy stability of somatic embryogenesis procegs b

grandiflora Tzvelev) of Lady group: RAPD analysis of  flow cytometry. Acta Physiol. Plant., 35, 2965-2974.
the genetic diversity. Plant Breed., 123(3), 29B8-29  Nei, M., Li, W.H. (1979). Mathematical model for syud
Lema-Rumhska, J., Niedojadlo, J. (2014%omatic em- ing genetical variation in terms of restriction end-
bryogenesis in leaf explants of chrysanthemum ra- cleases. Proc. Natl. Acad. Sci. U.S.A., 76, 5269-5273.
diomutants of the ‘Lady’ group. Propagation of OrnaPinto, D.L.P., Barros, B.A., Viccini, L.F., Salabere d

mental Plants 14 (4), 177-183. Campos, J.M., da Silva, M.L., Otoni, W.C. (2010).
Lema-Rumaska, J.,Sliwifiska, E. (2015)Evaluation of Ploidy stability of somatic embryogenesis-derivas-

the genetic stability of plants obtained via somatin- siflora cincinnata Mast. plants as assessed by flow cy-

bryogenesis in Chrysanthemum x grandiflorum tometry. Plant Cell Tiss. Organ Cult., 103, 71-79.

www.hortorumcultus.actapol.net 155



Lema-Ruminska, J., Mellem, A. (2017). Genetic diversity of chrysanthemum plants derived via somatic embryogenesis using
rapd markers. Acta Sci. Pol. Hortorum Cultus, 16(6), 149-156. DOI: 10.24326/asphc.2017.6.13

Prado, M.J., Rodriguez, E., Rey, L., Gonzalez, MSAn- Viehmannova, |., Bortlova, Z., Vitamvas, J., Cepkova,
tos, C., Rey, M. (2010). Detection of somaclonal-var  P.H., Eliasova, K., Svobodova, E., Travnickova, M.
ants in somatic embryogenesis regenerated plants of (2014). Assessment of somaclonal variation in s@mat
tis vinifera by flow cytometry and microsatellite mark- embryo-derived plants of yacot®iallanthus sonchi-
ers. Plant Cell Tiss. Organ Cult., 103, 49-59. folius (Poepp. and Endl.) H. Robinson] using inter sim-

Roein, Z., Asil, M.H., Sabouri, A., Dadras, A.R. (2014). ple sequence repeat analysis and flow cytometry-Ele
Genetic structure of Chrysanthemum genotypes from tronic J. Biotech., 17, 102—-106.

Iran assessed by AFLP markers and phenotypic .traitd/olff, K., Peters-Van Rijn, J. (1993). Rapid detentiof

Plant System. Evol., 300, 493-503. genetic variability in chrysanthemunbéndranthema
Shibata, M., Kishimoto, S., Hirai, M., Aida, R., lkedl. grandiflora Tzvelev) using random primers. Heredity,

(1998). Analysis of the periclinal structure of ckam- 71, 335-341.

themum sports by random amplified polymorphicWolff, K., Zietkiewicz, E., Hofstra, H. (1995). Idéfita-

DNA. Acta Hortic., 454, 347-353. tion of chrysanthemum cultivars and stability of DNA

Song, J.Y., Mattson, N.S., Jeong, B.R. (2011). Eficy fingerprint patterns. Theor. App. Genet., 91, 439-447
of shoot regeneration from leaf, stem, petiole pathl Wolff, K. (1996). RAPD analysis of sporting and chime
explants of six cultivars d€hrysanthemum morifolium. ism in chrysanthemum. Euphytica, 89, 159-164.

Plant Cell Tiss. Organ Cult., 107, 295-304. Xu, P., Zhang, Z., Xia, X., Jia, J. (2012). Somatibgro-

Stewart, R.N., Dermen, H. (1970). Somatic genetic analy genesis and plant regeneration in chrysanthemum
sis of the apical layers of chimeral sports in slary (Yuukou). Plant Cell Tiss. Organ Cult., 111, 393-397.
themum by experimental production of adventitiouZhang, Y., Dai, S., Hong, Y., Song, X. (2014). Applicatio
shoots. Am. J. Bot., 57(9), 1061-1071. of Genomic SSR Locus Polymorphisms on the Identifi-

Teixeira da Silva, J. A. (2004). Ornamental chrysanth  cation and Classification of Chrysanthemum Culsvar
mums: improvement by biotechnology. Plant Cell Tiss in China. PLoS ONE 9(8), e104856.

Organ Cult., 79, 1-18. Zalewska, M., Lema-Rumska, J., Miler, N., Gruszka, M.,

Teixeira da Silva, J.A., Lema-Rufska, J., Tymoszuk, A., Dgbal, W. (2011).Induction of adventitious shoot re-
Kulpa, D. (2015).Regeneration from chrysanthemum  generation in chrysanthemum as affected by theogeas

flowers: a review. Acta Physiol. Plant., 37, 36. In Vitro Cell. Dev. Biol. — Plant, 47, 375-378.

Van Harten, A. M. (1998). Mutation breeding. Theorg an Zalewska, M., Lema-Rumska, J., Miler, N. (2007)In
practical applications. Cambridge University Prggs, vitro propagation using adventitious buds technigse
265-269. a source of new variability in chrysanthemum. Sci.

Hortic., 113, 70-73.

156 www.hortorumcultus.actapol.net



