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Preface

The Gentianaceae, or Gentian family, is worldwide in distribution with
approximately 100 genera and about 1800 species that include monocarpic and
perennial herbs, shrubs, trees, and lianes, with terrestrial and epiphytic represen-
tatives. The plants are diverse in habit, the majority being herbaceous. The tropics
are the main source of new species of the Gentianaceae. Gentiana (360 species),
Gentianella (250 species), and Swertia (135 species) are the three largest genera;
members of the family are protected by law. Several species are important phar-
macologically because of their secondary metabolites, as some of the compounds
have a broad spectrum of biological activity.

Initial contacts with Gentians often occur during childhood when skin is pro-
tected from bacterial infection by Gencjana (Polish) or Violetum Gentianae (Latin),
while children suffering from chicken pox are also painted with Violetum to
counteract infection by Herpes virus varicellae. The importance of Gentians
escalated in the 1980s when several studies at the plant level focused on the
vegetative propagation of species, such as Gentiana lutea and G. cruciata, fol-
lowing the recognition of the secondary products synthesized by some members of
this genus. Research into Gentians, especially in Poland, was stimulated further by
the publication of the “Red Book™ of the Polish Flora. This volume included
reference to numerous Gentians and Gentianellas, with the need for their multi-
plication and reintroduction into the wild because of destructive overcollection of
wild material for pharmaceutical use, combined with the loss of natural habitats.
Some species are now rare and endangered. Variation in plant habit, especially
flower morphology and pigmentation, also makes members of the Gentianaceae
attractive for outdoor and indoor cultivation. The establishment of the Web site
“Gentiana.pl” supplemented the earlier reference site “Gentiana Research Network”
established by Dr. Lena Struwe at Rutgers University, New Brunswick, USA.
Much deliberation, contacts at the scientific level and discussions with colleagues at
Springer resulted in the compilation of these two volumes on Gentians. Volume 1
includes contributions to the characterization of this family of plants, while
Volume 2 is devoted to the aspects of biotechnology and their applications.
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viii Preface

Volume 1: Characterization and Ecology

Volume 1, comprising 12 chapters, centers upon the characterization and ecology
of the Gentianaceae, with some emphasis on the application of molecular and
cytological approaches in relation to taxonomy. The first three chapters consider
classification of this family of plants, with Chap. 2 reviewing research progress
since the earlier revision of the Gentianaceae in 2002. This revision resulted in
reclassification of some plants and the naming of new genera. genera. Chapter 3
provides the most comprehensive report to date of the systematics of South
American Neotropical woody members of the Gentians, with discussion of the use
of cytological and molecular technologies to facilitate classification. Other reviews
(Chaps. 4, 5) include details of the Gentianaceae in The Ukraine and Balkan
Peninsula, with discussion of the taxonomy of representative species in these
regions. Floral pigmentation in members of this family has been a topic of inves-
tigation for many years, with the key biochemical steps that result in the diversity of
flower colors found in Gentians being summarized in Chap. 6. Other aspects of this
diverse, interesting group of plants include the cytology of European species
(Chap. 7), and a historical account of the importance of Gentians in herbal medi-
cines, with links to evolution and classification (Chap. 8). Analysis of gene
expression in overwintering buds is presented as an approach with which to study
several aspects of plant taxonomy, phenotypic characteristics, phylogeography, and
pedigree (Chap. 9). Two (Chaps. 10, 11) indicate the importance of Gentians in
India in terms of their exploitation as herbal-based medicines, but emphasize the
need for conservation to negate the loss of germplasm from natural habitats
resulting from random harvesting. Finally, Chap. 12 presents evidence for the
importance of fungi from the Phylum Glomeromycota in developing arbuscular
mycorrhizal associations with the roots of members of the Gentianaceae. The role
of such associations in plant growth and development is also discussed. Volume 1
of the Gentianaceae provides a general, broad-based foundation for more bio-
technological approaches that are considered in Volume 2.

Volume 2: Biotechnology and Applications

The Gentianaceae includes species which are popular as ornamentals in the form
of cut flowers and pot plants, with market demands necessitating improvement
in flower quality, particularly characteristics such as inflorescence longevity.
Micropropagation has become a routine procedure for multiplication of horticul-
tural genera, including Blakstonia, Centaurium, Genetiana, Gentianella, with
seedlings being the most common source of explants for plant propagation in vitro.
Although organogenesis is the main route of plant regeneration, somatic embryo-
genesis is also a pathway in routine use for plant multiplication. These approaches
are discussed in detail in Chaps. 1-6. Embryogenic cultures, such as cell
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suspensions, are an excellent source of protoplasts for gene transfer by somatic
hybridization and cybridization. The relevance of the latter technologies (Chap. 7)
is that they generate nuclear and cytoplasmic combinations normally unavailable to
plant breeders through conventional sexual hybridization. Techniques presented in
Volume 2 also include the generation of haploid and dihaploid plants from cultured
anthers, and the genetic variation that may arise from tissue and organ culture
(Chaps. 8 and 9). Subsequent chapters discuss the molecular breeding of Gentians,
particularly gene transfer by transformation, with associated genetic analyses
(Chap. 10). Molecular markers facilitate breeding and cultivar identification.
Vegetative propagation to generate genetically uniform populations and, con-
versely, manipulations to increase genetic variability, often rely upon cryopreser-
vation as a common technology for long-term storage of relevant germplasm
(Chap. 11). Other reviews consider the postharvest physiology of Gentian flowers
(Chap. 12), and the biosynthesis of secondary metabolites, including antimalarial
compounds (Chaps. 13—-18). Modification of secondary metabolites has application
in human health protection. Interestingly, the beauty of Gentian flowers and the
pharmaceutical value of the plants have been the reasons for the special interest in
the Gentianaceae since ancient times.

These two volumes should serve as key references for persons from a wide range
of disciplines, including students and staff of universities and institutes, as well as
professional gardeners and plant hobbyists.

Jan J. Rybczynski
Michael R. Davey
Anna Mikuta


http://dx.doi.org/10.1007/978-3-642-54102-5_7
http://dx.doi.org/10.1007/978-3-642-54102-5_8
http://dx.doi.org/10.1007/978-3-642-54102-5_9
http://dx.doi.org/10.1007/978-3-642-54102-5_10
http://dx.doi.org/10.1007/978-3-642-54102-5_11
http://dx.doi.org/10.1007/978-3-642-54102-5_12
http://dx.doi.org/10.1007/978-3-642-54102-5_13
http://dx.doi.org/10.1007/978-3-642-54102-5_18

Contents

1  Systems of Plant Regeneration in Gentian In Vitro Cultures. . . . .
Jan J. Rybczynski, Michael R. Davey, Karolina Tomiczak,
Agnieszka Niedziela and Anna Mikuta
1.1 Introduction . ............ ... ...
1.2 Explants Considered for Culture Initiation . . ... ..........
1.2.1  Seedling/Plant Explants . . . ...................
1.2.2 Morphogenic Potential of Leaf Blade Explants. . . . . .
1.3 Cell Suspensions and Their Morphogenic Potential . . . ... ...
1.4 Regeneration of Transformants . . . ... .................
1.4.1 Hairy Root Cultures . .......................
1.4.2  Morphogenesis in Agrobacterium Tumefaciens
Transformed Plants . . . . ..... ... ... ... .......
1.4.3  Plant Regeneration After Particle Bombardment . . . . .
1.5 Plant Regeneration in Protoplast Culture . ... ............
1.6 Regenerant Evaluation. . .. .........................
1.6.1  Chromosome Numbers . .....................
1.6.2  Nuclear DNA Content. . .. ...................
1.6.3  Molecular Markers and Proteins . . . .............
1.6.4  Secondary Metabolites. . .. ...................
1.7 ConClusionsS . . .. ...ttt
References. . . ... ... . .

2 In Vitro Manipulation and Propagation of Gentiana L.

Species from the Ukrainian Flora . . ... ...................

Nadia M. Drobyk, Lyudmyla R. Hrytsak, Vitaliy M. Mel’nyk,

Natalia B. Kravets, Iryna I. Konvalyuk, Maryana O. Twardovska

and Viktor A. Kunakh

2.1 Introduction . ........... ... ...

2.2 Plant Material and in vitro Techniques .................
2.2.1  Microclonal Propagation . . ...................
2.2.2  Callus Induction and Proliferation. . .............


http://dx.doi.org/10.1007/978-3-642-54102-5_1
http://dx.doi.org/10.1007/978-3-642-54102-5_1
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_1#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_2
http://dx.doi.org/10.1007/978-3-642-54102-5_2
http://dx.doi.org/10.1007/978-3-642-54102-5_2
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec4

xii

from the Central Regions of the Balkan Peninsula

2.2.3  Direct Organogenesis . .. .............oo....
2.24  Plant Regeneration from Callus . .............
2.2.5 Fast-Growing Root Culture . ................

2.3 Microclonal Propagation . ........................
2.3.1 Influence of Exogenic Growth Regulators
and Calcium. . ... ... ... ... ... .. ...
2.3.2  Dependence on Species and Genotype. . ........
2.3.3  Rooting of Microclones and Their Transfer to Soil . . .
2.4  Callus Induction and Proliferation. . . .. ..............
2.5  Direct Organogenesis of G. lutea . ..................
2.5.1  The Influence of Exogenous Growth Regulators
on Regeneration Efficiency . ................
2.5.2  Regeneration Dependence on Genotype. .. ... ...
2.5.3  Evaluation of the Regeneration Efficiency
from Different Explants. . .. ................
2.6  Plant Regeneration from Tissue Culture. ... ...........
2.7  Fast-Growing Isolated Root Culture . ................
28 Conclusions . . . ...... ...
References. . . . ... ... ...
3 In Vitro Studies and Biotechnology of Taiwan Native
Species of the Gentianaceae. . . . ... ....................
Hsin-Sheng Tsay, Sushim Kumar Gupta, Shih-Hung Huang,
Chao-Lin Kuo, Fu-Sh Chueh and Hung-Chi Chang
3.1 Introduction . ............ ... ...
3.2  Establishment of In Vitro Cultures . .................
3.2.1 Initiation of Plant Regeneration In Vitro . .......
3.2.2  Initiation of Cell Suspension Cultures from Callus . . .
3.2.3  Effect of Growth Regulators on Cell Suspension
Cultures. . .. ... .
3.24 Influence of Different Factors on Cell Suspension
Cultures. . .. ... o
3.3 Analysis of Gentiopicroside and Swertiamarin in Members
of the Gentianaceae. . . .. ...,
34 Conclusions . .. ... ...
References. . .. ... ... .
4 Biotechnology and Phytochemistry of Gentianella Species

Dijana Krsti¢-MiloSevi¢, Branka Vinterhalter, Teodora Jankovié¢
and Dragan Vinterhalter

4.1

Introduction . . . ... . .. L
4.1.1  Characteristics and Taxonomy of Gentianella. . . . .
4.1.2  Secondary Metabolites. . .. .................

Contents

.. 48
.. 49
.. 50
.. 51

.. 51
.. 52

56

.. 57
.. 66

.. 606
.. 68

.. 710
.. 1713
.. 15
.. 18
.. 18

.. 81

.. 81
..o 82
.. 83

84

.. 85
.. 86
.. 88

... 9
... 9

.. 93

.. 93
.. 9%
.. 95


http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec19
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Sec19
http://dx.doi.org/10.1007/978-3-642-54102-5_2#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_3
http://dx.doi.org/10.1007/978-3-642-54102-5_3
http://dx.doi.org/10.1007/978-3-642-54102-5_3
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_3#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_4
http://dx.doi.org/10.1007/978-3-642-54102-5_4
http://dx.doi.org/10.1007/978-3-642-54102-5_4
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec3

Contents

4.2 Phytochemical Studies. . .. .......... ... ... .. .. .....
421 Material. .. ........ ...
4.2.2  Analytical Procedures . ......................
423 Chemical Constituents. . .. ...................
424 Leaf Alkanes . ........... .. ... .. ...

43 Biotechnology . .. .. .. ...
4.3.1 In Vitro Propagation of Gentianella austriaca

and G. bulgarica . ........... ... ... ... ....

4.3.2  Secondary Metabolites of Shoot Cultures. . ........
44 Conclusion. . .......... . ...

References

5 The Role of Arabinogalactan Proteins in Morphogenesis
of Centaurium erythraea Rafn In Vitro. . . . ... ... ... ... ...,
Milana Trifunovié¢, Angelina Suboti¢, Marija Petri¢
and Sladjana Jevremovi¢
5.1 Introduction . ............ ... ...
5.1.1  Genus Centaurium—Distribution and Importance . . . .
5.1.2  In Vitro Morphogenesis of C. erythraea:

An OVEIVIEW . . . . oo e

5.1.3  The Structure and Biological Function

of Arabinogalactan Proteins . . .. ...............

5.14  The Role of Arabinogalactan Proteins During

Morphogenesis In Vitro. . .. ............ ... ...

5.2  Materials and Methods . . ............ .. ... . ... . ....
5.2.1 Plant Material and Tissue Culture. . . ............
5.2.2  Histochemical Localization of AGPs with B-Glc

Yariv Reagent . ... ... ... .. .. .. ... .. .. .. ..

5.2.3  Immunocytochemical Localization of AGPs. . ... ...
5.24  Treatment of Root Explants with the B-Glc

Yariv Reagent ... ...... ... ... ... .. .. ...

52.5 Data Analysis. ... ...... ...,
5.3  Results and Discussion . ...........................
5.3.1  Induction of Morphogenesis In Vitro in Root

Culture of C. erythraea . .. ...................

5.3.2  Histochemical Localization of AGPs

by the B-Glc Yariv Reagent . . . . ...............

5.3.3  Immunocytochemical Localization of AGPs

During Morphogenesis in In Vitro Root
Culture of C. erythraea . . . ... ................

5.34  The Effect of the B-Glc Yariv Reagent

on Morphogenesis In Vitro in Root Culture
of C.erythraea. . . ........ ... .. .. ... .u...

54  Conclusions . . ... ..... ... e

References

Xiii

98
98
99
99
104
106

106
108
109
109

113

114
114


http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_4#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_5
http://dx.doi.org/10.1007/978-3-642-54102-5_5
http://dx.doi.org/10.1007/978-3-642-54102-5_5
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_5#Bib1

Xiv

Somatic Embryogenesis in Long-Term Cultures of Gentiana

lutea L. in the Presence of Osmotic Stress . . ... ...........

Irina Holobiuc

6.1 Introduction.............. .. ... ...
6.2  Induction of Primary Cultures in Gentiana spp. . . .......

6.3  Induction of Somatic Embryogenesis as an Expression

of Plant Cell Totipotency. . ... .........c.c.......

6.4  Role of Plant Growth Regulators and Different Stress

Factors in Somatic Embryogenesis . .................

6.5  Somatic Embryogenesis in Primary Cultures

of Gentiana lutea . . ... ...... ... .. .. ...
6.6  Recurrent Somatic Embryogenesis in G. lutea . .........

6.6.1  Recurrent Somatic Embryogenesis in G. lutea

in the Presence of Plant Growth Regulators . . . . . .

6.6.2  Recurrent Somatic Embryogenesis in Long-Term
Cultures of G. lutea in the Presence

of Osmotic Stress . . .. ... .. ...
6.7 ConClusionsS . . . . ... ...
References. . . . ... .. . e

Protoplast Culture and Somatic Cell Hybridization

of Gentians. . . .. ... . ... ... e

Karolina Tomiczak, Anna Mikuta and Jan J. Rybczynski

7.1 Introduction . ............. .. ...
7.2 Protoplast Culture of Gentians . . ...................
7.2.1  Source of Protoplasts. . . ...................
7.2.2  Factors Affecting Protoplast Isolation . .........
7.2.3  Factors Influencing Protoplast and Callus Culture . . . .
7.2.4  Plant Regeneration from Protoplasts . .. ........
7.2.5 Evaluation of Regenerants . . .. ..............
7.3  Somatic Hybridization of Gentians . . ................
7.3.1  Conditions of Protoplast Fusion . .............
7.3.2  Culture of Fusion Products and Plant Regeneration. . .
7.3.3  Identification of Somatic Hybrids . . ... ........
7.3.4  Characteristics of Somatic Hybrids . . ... .......
74  ConclusionsS . . .. ...t
References. . .. ... ... . . . ..

Haploid and Doubled Haploid Plant Production in Gentian

(Gentiana SPP.) . . . . . oo

Hisako Doi and Yoshihito Takahata

8.1 Introduction.............. ... i,
8.2  Androgenesis . ... ... ...
82.1 AntherCulture............ ... ... ... .....
8.2.2  Factors Affecting Anther Culture . ............

Contents

.. 140

.. 187


http://dx.doi.org/10.1007/978-3-642-54102-5_6
http://dx.doi.org/10.1007/978-3-642-54102-5_6
http://dx.doi.org/10.1007/978-3-642-54102-5_6
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_6#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_7
http://dx.doi.org/10.1007/978-3-642-54102-5_7
http://dx.doi.org/10.1007/978-3-642-54102-5_7
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec19
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Sec19
http://dx.doi.org/10.1007/978-3-642-54102-5_7#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_8
http://dx.doi.org/10.1007/978-3-642-54102-5_8
http://dx.doi.org/10.1007/978-3-642-54102-5_8
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec4

Contents XV

8.3  GYNOZENESIS. . . v v v ottt e e 192
8.3.1  Unfertilized Ovule/Ovary Culture . . . . ... ........ 192
8.3.2  Factors Affecting Unfertilized Ovule/Ovary Culture. . . 193
8.4  Doubled Haploid Screening . . . .......... ... ... ...... 194
841 Ploidy....... ... . ... 194

8.4.2  DH Selection from Diploid Plants Using
Molecular Markers . . ........... ... .. ...... 194
8.4.3  Chromosome Doubling . ... .................. 195
8.5 ConClusions . . ... ..... ... 195
References. . . ... ... . . . . 196

9  Genetic Variation Induced by Tissue and Organ Culture
in Gentiana Species. . . .. ... ... . ... .. . 199
Viktor A. Kunakh, Vitaliy M. Mel’nyk, Nadia M. Drobyk,
Igor O. Andreev, Kateryna V. Spiridonova, Maryana O. Twardovska,
Iryna I. Konvalyuk and Volodymyr I. Adonin

9.1 Introduction................ ... ... 200
9.2  Cytogenetic Studies. . . . ........ ... ... .. .. ... 200
9.2.1  Variation in Chromosome Number
and Aberration Rate . .. ........ ... ... ... . ... 200
9.2.2  Changes of Cytogenetic Parameters
in Long-Term Tissue Cultures of Gentiana acaulis . .. 206
9.3  Genetic Changes Induced by Culture as Assessed
by RAPD and ISSR Markers . .. ....... ... ... ... ..... 209
9.3.1  Comparative Analysis of Somaclonal Variation
in Various Gentians . . ...................... 210
9.3.2  Somaclonal Variation in G. pneumonanthe. . . . ... .. 212
9.3.3  Somaclonal Variation in G. lutea . .............. 215
9.3.4  DiSCUSSION . . . . vt v ettt e 218
9.4  Variability of Nuclear Ribosomal RNA Genes . ........... 220
9.4.1 RFLP Analysis of Interspecific Polymorphism
of Ribosomal DNA in Some Gentiana Species . . . . . . 221
9.4.2  Changes of 18S-25S rDNA Induced
by Tissue Culture . . . . ........ ... ... ... ..... 225
9.4.3  Peculiarities of 18S-25S Ribosomal
RNA Genes Rearrangements in G. lutea . ......... 228
944 Study of SSIDNA .. ... ... . ... . 232
95 Conclusions. . ............ .. i 234

References. . . . ... ... . . e 236


http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_8#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_9
http://dx.doi.org/10.1007/978-3-642-54102-5_9
http://dx.doi.org/10.1007/978-3-642-54102-5_9
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_9#Bib1

XVi

10

11

Molecular Breeding of Japanese Gentians—Applications
of Genetic Transformation, Metabolome Analyses,

and Genetic Markers . . .......... ... . . ... . . .. . . ... ..

Masahiro Nishihara, Kei-ichiro Mishiba, Tomohiro Imamura,
Hideyuki Takahashi and Takashi Nakatsuka

10.1 Introduction . .............c..cuiiiinneuneen...
10.2 Genetic Engineering of Japanese Gentians . . . .. ........
10.2.1 Transgene Silencing in Gentians. . . ...........

10.2.2  Successful Production of Transgenic Gentian

Plants with New Traits . ...................

10.3  Applications of Metabolomic Analyses . ..............
10.3.1 Metabolome Analysis of the Kobu-sho Gentian . . .
10.3.2 Metabolome Analysis of Cultured Gentian. . . .. ..

10.4 Development of Molecular Genetic Markers for Japanese

GeENtians . . . . ..ottt e

10.4.1 Genetic Markers to Discriminate Flower Colors

of Japanese Gentians. . . . ..................

10.4.2 Genetic Markers to Protect Plant Breeders’ Rights . . .

10.5 Conclusions . . ... ..o it
References. . .. ... ... ..

Cryopreservation of Gentianaceae: Trends and Applications . . . .

Anna Mikuta, Karolina Tomiczak, Lucyna Domzalska
and Jan J. Rybczynski

11.1 Introduction . ... ........ ...

11.2  Gentian Plants Can Improve Our Understanding

of Cryopreservation. . . .. ......vu v inenenenen ..

11.2.1 The Effect of Preculture on Cell Structure,
Physiological Changes and Increase

of Tolerance to LN Storage . . ...............

11.2.2 Acclimation of the Gentian Proteome

to Cold/Osmotic Stress . . ..................

11.2.3 Benefits from Encapsulation of Explants

in Calcium Alginate Beads. . . .. .............

11.2.4 Insight into the Recovery of Cell Suspension

Cultures After LN Storage. . .. ..............

11.2.5 Osmotic Dehydration of the Cryopreservation
Procedure Enhances Embryogenic Capacity—A

Problem or Benefit? ... ...................

11.3 Routine Application of Cryopreservation for Long-Term

Conservation of the Gentianaceae . . . . ...............

11.3.1 Cryopreservation of Vegetatively Propagated

Germplasm of the Gentians . .. ..............

Contents

.. 273


http://dx.doi.org/10.1007/978-3-642-54102-5_10
http://dx.doi.org/10.1007/978-3-642-54102-5_10
http://dx.doi.org/10.1007/978-3-642-54102-5_10
http://dx.doi.org/10.1007/978-3-642-54102-5_10
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_10#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_11
http://dx.doi.org/10.1007/978-3-642-54102-5_11
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec11

Contents

12

11.3.2 Changes in Long-Term In Vitro Maintenance
of Gentian Cell Suspension Cultures
and Their Cryobanking . .. ...................
11.4 ConcClusionsS . . ... ..ottt e
References. . . ... ... . .

Post-harvest Physiology of Flowers from the Family
Gentianaceae . ... ......... ... ...
Fisun G. Celikel
12.1 Introduction.............. ... ... ..
12.2  Effect of Pre-harvest Factors on Gentian Flowers . . ... .....
12.2.1 Cultivar (Genetic Factor) . . .. .................
1222 Light. .. .o o
1223 Plant Nutrition . . . . ... ... ...
1224 Plant Age ... ...
12.2.5 Harvest Maturity. . . ... ... oot
12.3  Post-harvest Changes in Gentian Flowers. . .. ............
12.3.1 Physiological Changes. . .. ...................
12.3.2 Ultrastructural Changes . . .. ..................
12.3.3 Changes in Amino Acid Content . ..............
1234 GeotropiSm . . ... v vttt
12.3.5 Ethylene Sensitivity . .......................
12.3.6  Pollination-Induced Ethylene Production
and Senescence . . ........ ...
12.4 Effects of Growth Regulators on Gentian Flowers. . .. ... ...
12.4.1 Ethylene and Inhibitors . ... ..................
12.4.2 Combined Treatment of Ethylene Inhibitors
with Sucrose .. ... ... ... ... L
1243 AUXin . ..ot e
1244 Cytokinin. . . .. ...
12.4.5 Abscisic Acid (ABA) . ........ ... ... ... .. ...
12.4.6 Gibberellin (GA) .. ..... ... . ... . ... ...
12.5 Providing Additional Carbohydrates for Gentian Flowers. . . . .
12.6 Vase Solution Germicides for Gentian Flowers. . . ... ... ...
12.7 Cold Storage and Transportation of Gentian Flowers. . . ... ..
12.7.1 Storage (Transportation) Temperature . . ..........
12.7.2 Wet or Dry Storage (Transportation) . . . ..........
128 ConClusions . . . . ..o vttt
References. . . ... ... . .

Xvii


http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_11#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_12
http://dx.doi.org/10.1007/978-3-642-54102-5_12
http://dx.doi.org/10.1007/978-3-642-54102-5_12
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec17
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec19
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec19
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec20
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec20
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec21
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec21
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec22
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec22
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec23
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec23
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec24
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec24
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec25
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec25
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec26
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec26
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec27
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Sec27
http://dx.doi.org/10.1007/978-3-642-54102-5_12#Bib1

XViii

13

14

15

Contents

Tissue and Organ Cultures of Gentians as Potential Sources

of Xanthones and Flavonoids . ....................... ... 307
Nadia M. Drobyk, Vitaliy M. Mel’nyk, Maryana O. Twardovska,

Iryna 1. Konvalyuk and Viktor A. Kunakh

13.1 Introduction . .......... ... ... ... 307
13.2 Experimental Procedures . . .. ....................... 308
13.3 Total Xanthone Content in Cultured Tissues. . . ........... 311
13.4 Total Flavonoid Content in Cultured Tissues . ............ 312
13.5 Xanthone and Flavonoid Contents in Isolated

Cultures Roots . . . ... ... ... . . 313
13,6 Conclusions . . . .. ..ttt 315
References. . . . ... ... . . e 316

Bioactive Secondary Metabolites in Several Genera

of Gentianaceae Species from the Central Regions

of the Balkan Peninsula . . ... ... ... ... ... ... ... ... ..., 319
Katarina Savikin, Ivana S. Aljan¢i¢, Vlatka E. Vajs,

Slobodan M. Milosavljevi¢, Milka Jadranin, Iris Pordevi¢

and Nebojsa R. Menkovi¢

14.1 Introduction . .......... ... .. ... 319
142 Genus Gentiana . . . . . .o it e 320
14.2.1 Gentiana lutea L. (Yellow Gentian) ............. 320
14.2.2 Gentiana dinarica Beck. . . . .................. 324

14.2.3  Gentiana kochiana E.P. Perrier and Songeon
Syn. G. acaulis L.). . . .......... ... ..., 325
14.2.4  Gentiana asclepiadea L. (Willow Gentian). . . ... ... 328
14.2.5 Gentiana utriculosa L. (Bladder Gentian) ......... 330
14.2.6 Gentiana punctata L. (Spotted Gentian). . . ........ 332
14.3 Genus Gentianella Moench. . . . . ..................... 334
14.3.1 Gentianella austriaca (A & J Kerner) Holub . . ... .. 334
144 Genus Swertia . ... .. ... ... 336
14.4.1 Swertia Punctata Baumg.. . . .. ... ... ... ..... 337
14.5 Biological ACtVIty . . . ...ttt 338
14.6 Experimental Design. ... .......... ... ... ... ... .... 342
14.6.1 Plant Material. . .. ......................... 342
14.6.2 Chromatographic Techniques . . ... ............. 342
147 Conclusions . . .. ..ot i i 344
References. . . . ... .. . . e 345

Profiling, Isolation, Chemical Characterisation

and Distribution of Gentianaceae Constituents. . . . .. ... ... ... 349
Jean-Luc Wolfender, Aurélie Urbain and Kurt Hostettmann

15.1 Introduction . .......... ... ..., 349


http://dx.doi.org/10.1007/978-3-642-54102-5_13
http://dx.doi.org/10.1007/978-3-642-54102-5_13
http://dx.doi.org/10.1007/978-3-642-54102-5_13
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_13#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_14
http://dx.doi.org/10.1007/978-3-642-54102-5_14
http://dx.doi.org/10.1007/978-3-642-54102-5_14
http://dx.doi.org/10.1007/978-3-642-54102-5_14
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_14#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_15
http://dx.doi.org/10.1007/978-3-642-54102-5_15
http://dx.doi.org/10.1007/978-3-642-54102-5_15
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec1

Contents

16

17

15.2 Secondary Metabolites in the Family Gentianaceae . . . ... ...
15.2.1 Secoiridoids . . . .. ... . Lo
1522 Xanthones . . .......... .. .. .. .. ..
1523 Flavonoids. . . ... .
15.2.4 Other Constituents . ........................
15.3 Distribution of Secondary Metabolites
and Their Chemotaxonomic Significance . . ... ...........
15.4 Analysis, Isolation and Structural Identification
of Gentian Constituents . . . .. ................ut.....
154.1 Extraction . ..............uouiinninnenn..
15.4.2 Metabolite Profiling of Gentian Extracts . .........
1543 Isolation ........... ... ... ... .. ..
1544 UV Characteristics . . ... ... ... ..
15.4.5 Mass Spectrometry . . ... ...
15.4.6 Nuclear Magnetic Resonance Spectroscopy . . ... ...
15.4.7 Metabolite Profiling of Gentian Extracts
for Chemotaxonomic Purposes . .. ..............
155 Conclusions . . . ...t
References. . .. ... ...

Phytochemistry and Biotechnology Approaches

of the Genus Exacum . ... ......... ... ... .. .. .. ....

Ewa Skrzypczak-Pietraszek

16.1 Introduction . ........... .. ...,

16.2 Characteristics of the Genus Exacum. ... ...............
16.2.1 Occurence and Taxonomy . . ..................
16.2.2 Ethnomedicinal Uses and Ethnobotanical Studies . . . .
16.2.3 Biological Activities . . .. ......... ... ... .....
16.2.4 Secondary Metabolites. . . ... .................

16.3 Biotechnology of the Genus Exacum and Its Applications . . . .
16.3.1 In Vitro Propagation . . . .....................
16.3.2 Secondary Metabolites from Shoot Cultures. . ... ...

16,4 ConClusionsS . . . . ..o vttt

References. . . ... ... ..

Gentianae radix. . . . .. ....... .. ... ... ...

Waldemar Buchwald and Przemystaw L. Mikotajczak

17.1 Introduction . .............. ...

17.2  Description of the Raw Material . . . .. ....... ... ... ....
17.2.1 Macroscopic and Microscopic Characteristics . . . . . . .
17.2.2 Chemical Composition . .....................

17.3 Pharmacological Properties. . . .. .....................
17.3.1 Effects on Gastrointestinal Tract. .. .............
17.3.2 Antibacterial Activities ... ........ ... ... .....

Xix

350
350
352
355
356

357

362
362
362
364
365
367
369

370
374
374

383

408


http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec14
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec15
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Sec16
http://dx.doi.org/10.1007/978-3-642-54102-5_15#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_16
http://dx.doi.org/10.1007/978-3-642-54102-5_16
http://dx.doi.org/10.1007/978-3-642-54102-5_16
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec19
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec19
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec22
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Sec22
http://dx.doi.org/10.1007/978-3-642-54102-5_16#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_17
http://dx.doi.org/10.1007/978-3-642-54102-5_17
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec7

XX Contents

17.3.3  Antiviral Activity . .. ... ... 408

17.3.4 Antioxidant Activity . .. ....... ... ... ... ..... 409

17.3.5 Effect on the Central Nervous System. . .......... 410

17.3.6 Anti-inflammatory and Wound Healing Activity. . . . . 412

17.3.7 Other Effects of Gentianae radix . .............. 413

174 ConClusionsS . . . . ..o vttt 416
References. . . ... ... . 416

18 Gentians Used in South America as Antimalarial Agents . . . . ... 421

Renata Braga Souza Lima, Gina Frausin, Stacy Brody,
Lena Struwe and Adrian Martin Pohlit

18.1 Introduction. ............. ..., 422
18.2 Traditional Use of Gentians Against Malaria
in South America . ... ...... ... .. ... ... 423
18.2.1 Calolisianthus . .. ........... ... .. ......... 423
18.2.2 Centaurium . .......... ... . ... ..., 428
18.2.3 Chelonanthus . . .. ....... ... ... ... 429
18.2.4 Coutoubea . .......... ... . .. . . . . ... ... ... 429
18.2.5 Deianira . ........... .. . . . . . .. ... 430
182.6 Gentiana . . ........... . ... . ... ... 430
18.2.7 Gentianella . .............. ... ... ..0..... 430
182.8 Potalia ............ . .. . .. 431
18.2.9 Schultesia . ........... ... . . .. ... 431
18.2.10 Tachia. . .. ... ... ... . . . . . .. .. 431
18.3 In Vivo and In Vitro Antimalarial Activity of Gentians
in South America . .. ........ ... .. 432
184 Conclusions . . . ... .t 434
References. . . . ... ... . . e 435
Latin Name Index . . . . ... ... ... ... .. ... .. ... ... ... .. ..... 439

Subject Index . . . ... ... .. ... . e 443


http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_17#Bib1
http://dx.doi.org/10.1007/978-3-642-54102-5_18
http://dx.doi.org/10.1007/978-3-642-54102-5_18
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec1
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec2
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec3
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec4
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec5
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec6
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec7
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec8
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec18
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec9
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec10
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec11
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec12
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Sec13
http://dx.doi.org/10.1007/978-3-642-54102-5_18#Bib1

Contributors

Volodymyr I. Adonin Institute of Molecular Biology and Genetics National
Academy of Sciences of Ukraine, Kiev, Ukraine

Ivana S. Aljan¢i¢ Center for Chemistry, Institute for Chemistry, Technology and
Metallurgy, University of Belgrade, Belgrade, Serbia

Igor O. Andreev Institute of Molecular Biology and Genetics National Academy
of Sciences of Ukraine, Kiev, Ukraine

Stacy Brody Rutgers, The State University of New Jersey, New Brunswick, NJ,
USA

Waldemar Buchwald Institute of Natural Fibres and Medicinal Plant, Poznan,
Poland

Fisun G. Celikel Department of Horticulture, Faculty of Agriculture, Ondokuz
Mayis University, Atakum, Samsun, Turkey

Hung-Chi Chang Institute of Biochemical Sciences and Technology, Chaoyang
University of Technology, Taichung, Taiwan

Fu-Sh Chueh Departments of Health and Nutrition Biotechnology, Asia
University, Taichung, Taiwan

Michael R. Davey Plant and Crop Sciences Division, University of Nottingham,
Loughborough, Leicestershire, UK

Hisako Doi Faculty of Agriculture, Iwate University, Morioka, Japan

Lucyna Domzalska Polish Academy of Sciences, Botanical Garden—Center for
Biological Diversity Conservation in Powsin, Warsaw, Poland

Iris Pordevi¢ Faculty of Veterinary Medicine, University of Belgrade, Belgrade,
Serbia

XXi



XXii Contributors
Nadia M. Drobyk Volodymyr Hnatiuk Ternopil National Pedagogical University,
Ternopil, Ukraine

Gina Frausin National Institute for Amazon Research (INPA), Manaus, AM,
Brazil

Sushim Kumar Gupta Institute of Biochemical Sciences and Technology,
Chaoyang University of Technology, Taichung, Taiwan

Irina Holobiuc Institute of Biology, Romanian Academy, Bucharest, Romania

Kurt Hostettmann School of Pharmaceutical Sciences, University of Geneva,
University of Lausanne, Geneva, Switzerland

Lyudmyla R. Hrytsak Volodymyr Hnatiuk Ternopil National Pedagogical
University, Ternopil, Ukraine

Shih-Hung Huang Institute of Biochemical Sciences and Technology, Chaoyang
University of Technology, Taichung, Taiwan

Tomohiro Imamura Iwate Biotechnology Research Center, Kitakami, Iwate,
Japan

Milka Jadranin Center for Chemistry, Institute for Chemistry, Technology and
Metallurgy, University of Belgrade, Belgrade, Serbia

Teodora Jankovi¢ Institute for Medicinal Plant Research “Dr Josif Panci¢”,
Belgrade, Serbia

Sladjana Jevremovi¢ Institute for Biological Research “SiniSa Stankovic”,
University of Belgrade, Belgrade, Serbia

Iryna I. Konvalyuk Institute of Molecular Biology and Genetics, National
Academy of Sciences of Ukraine, Kiev, Ukraine

Natalia B. Kravets Volodymyr Hnatiuk Ternopil National Pedagogical
University, Ternopil, Ukraine

Dijana Krsti¢-MiloSevi¢ Institute for Biological Research “SiniSa Stankovi¢”,
University of Belgrade, Belgrade, Serbia

Viktor A. Kunakh Institute of Molecular Biology and Genetics National
Academy of Sciences of Ukraine, Kiev, Ukraine

Chao-Lin Kuo School of Chinese Pharmaceutical Sciences and Chinese Medicine
Resources, China Medical University, Taichung, Taiwan

Renata Braga Souza Lima Federal University of Amazonas (UFAM),
Manaus-AM, Brazil; National Institute for Amazon Research (INPA), Manaus-AM,
Brazil

Vitaliy M. Mel’nyk Institute of Molecular Biology and Genetics, National
Academy of Sciences of Ukraine, Kiev, Ukraine



Contributors XXiii

Nebojsa R. Menkovié¢ Institute for Medicinal Plant Research “Dr. Josif Panci¢”,
Belgrade, Serbia

Przemystaw L. Mikolajczak Institute of Natural Fibres and Medicinal Plants,
Poznan, Poland; Department of Pharmacology, Poznan University of Medical
Sciences, Poznan, Poland

Anna Mikula Department of Plant Experimental Biology, Polish Academy of
Sciences, Botanical Garden—Center of Biological Diversity Conservation,
Warsaw, Poland

Slobodan M. Milosavljevi¢ Faculty for Chemistry, University of Belgrade,
Belgrade, Serbia

Kei-ichiro Mishiba Graduate School of Life and Environmental Sciences, Osaka
Prefecture University, Sakai, Osaka, Japan

Takashi Nakatsuka Iwate Biotechnology Research Center, Kitakami, Iwate,
Japan

Agnieszka Niedziela Institute of Plant Breeding and Acclimatization, Radzikow,
Poland

Masahiro Nishihara Iwate Biotechnology Research Center, Kitakami, Iwate,
Japan

Marija Petri¢ Institute for Biological Research “SiniSa Stankovi¢”, University of
Belgrade, Belgrade, Serbia

Adrian Martin Pohlit National Institute for Amazon Research (INPA),
Manaus-AM, Brazil

Jan J. Rybcezynski Department of Plant Experimental Biology, Polish Academy
of Sciences, Botanical Garden—Center of Biological Diversity Conservation,
Warsaw, Poland

Ewa Skrzypczak-Pietraszek Chair and Department of Pharmaceutical Botany,
Collegium Medicum Jagiellonian University, Krakow, Poland

Kateryna V. Spiridonova Institute of Molecular Biology and Genetics National
Academy of Sciences of Ukraine, Kiev, Ukraine

Lena Struwe Rutgers, The State University of New Jersey, New Brunswick, NJ,
USA

Angelina Suboti¢ Institute for Biological Research “SiniSa Stankovi¢”, University
of Belgrade, Belgrade, Serbia

Hideyuki Takahashi Iwate Biotechnology Research Center, Kitakami, Iwate,
Japan

Yoshihito Takahata Faculty of Agriculture, Iwate University, Morioka, Japan



XXiv Contributors

Karolina Tomiczak Department of Plant Experimental Biology, Polish Academy
of Sciences, Botanical Garden—Center of Biological Diversity Conservation,
Warsaw, Poland

Milana Trifunovi¢ Institute for Biological Research “SiniSa Stankovi¢”,
University of Belgrade, Belgrade, Serbia

Hsin-Sheng Tsay Institute of Biochemical Sciences and Technology, Chaoyang
University of Technology, Taichung, Taiwan; Department of Agronomy, National
Chung-Hsing University, Taichung, Taiwan

Maryana O. Twardovska Institute of Molecular Biology and Genetics, National
Academy of Sciences of Ukraine, Kiev, Ukraine

Aurélie Urbain Faculty of Pharmacy, University of Strasbourg, Illkirch, France

Vlatka E. Vajs Center for Chemistry, Institute for Chemistry, Technology and
Metallurgy, University of Belgrade, Belgrade, Serbia

Branka Vinterhalter Institute for Biological Research “SiniSa Stankovic¢”,
University of Belgrade, Belgrade, Serbia

Dragan Vinterhalter Institute for Biological Research “SiniSa Stankovi¢”,
University of Belgrade, Belgrade, Serbia

Jean-Luc Wolfender School of Pharmaceutical Sciences, University of Geneva,
University of Lausanne, Geneva 4, Switzerland

Katarina Savikin Institute for Medicinal Plant Research “Dr. Josif Pan&i¢”,
Belgrade, Serbia



Abbreviations

)
UE

%, MS medium

1C DNA
1n

2,4,5-T
2,4-D

2C DNA
2iP (6-IPA)
2n

3C DNA
3n

4C DNA
4-CPPU
4PU-30

6C DNA
ABA

AC

ACL
ACPH
ADH

AGP

AP

AS

B5 medium
B5 vitamins
BamHI
BAP (BA)
Bar

CaCl,
CaMV
CAPS marker

Sign indicates somatic hybrid

MicroE

Half of original MS medium

Haploid value of nuclear DNA

Haploid number of chromosomes
2,4,5-trichlorophenoxyacetic acid
2.4-dichlorophenoxyacetic acid

Diploid value of nuclear DNA
isopentenyladenine

Diploid number of chromosomes

Triploid value of nuclear DNA

Triploid number of chromosomes
Tetraploid value of nuclear DNA
N-(2-chloro-4-pyridyl)-N'-phenylurea
N-(2-chloro-4-pyridyl)-N'-phenylurea
Hexaploid value of nuclear DNA

Abscisic acid

Active charcoal

Average chain length

Acid phosphatase

Alcohol dehydrogenase

Arabinogalactan protein

Acid phosphatase

Adenine sulfate

Medium according to Gamborg et al. (1968)
Vitamins according to B5S medium

(from Bacillus amyloli) is a type II restriction endonuclease
6-benzylaminopurine

Bialaphos resistance selection marker gene
Calcium dichloride

Cauliflower Mosaic Virus 35S promoter
Cleaved amplified polymorphism sequence marker



XXVi

CH

CHS

CI

CMS

Co
cpDNA
CPI
CRES-T
Cx

Cy-O
DAPI

DC

DH

DH plants
Dic

DNA
EcoRI
ELISA
ELSs
EST

EST analysis
F1

FDA

FID

FITC
FLS
G2/G1 phase
GA;
GC/MS
GFP genes
GISH
GMOs
GOT
H202
Hindlll

HPLC
HPLC/DAD

HPLC-RP
hrs

IAA

IBA

IEF

IGS region

Abbreviations

Casein hydrolysate

Chalcone synthase gene

Callus induction

Cytoplasmic male sterility

Catechol oxidase

Chloroplast DNA

Carbon preference index

Chimeric Repressor Gene-Silencing Technology
Cephatoxine

Cytochrome oxidase

4’ 6-diamidino-2-phenylindole is a fluorescent stain
Direct current

Dihaploid chromosome number

Double haploid plants
Dicamba—3,6-dichloro-2-methoxybenzoic acid
Deoxyribonucleic Acid

Restriction enzyme recognizes G*"AATTC
Enzyme-linked immunosorbent assay
Embryo-like structures

Esterase

Expressed sequence tag analysis

First sexual generation

Fluorescein diacetate

Flame ionization detector

Fluorescein isothiocyanate

Flavonol synthase gene

Phases of nucleus division

Gibberellic acid

Gas chromatographic—mass spectrometric analysis
Green fluorescence protein genes

Genomic in situ hybridization

Genetically modified organisms

Glutamate oxalacetate transaminase

Hydrogen peroxide

Restriction endonuclease that recognizes the sequence
AMAGCT_T

High-performance liquid chromatography
High-performance liquid chromatography with diode array
detection

High-performance liquid chromatography reversed phase
Hours

Indole-3-acetic acid

Indole-3-butyric acid

Isoelectric focusing

Intergenic spacer region



Abbreviations

Im

ISSR

K

Kb

KDa

Kin

LEA genes
LH

LN

LNAs

LS

M

MADS box

MAS
MDH
MES
metAFLP
mg

MS medium
MSD
Mspl
mtDNA
n

N

NAA

Nc

NLN medium
NN medium
NOA
nptll

P

PCR
PCV
PEG
PEM
PER
PGRs
PhGLMC
Picloram
PPF
PsGLMC
PVS2

R

RAPD

Initial callus weight
Intersimple sequence repeats

Potassium
Kilobase pairs
KiloDaltons

Kinetin—N°-furfuryladenine
Late embryogenesis abundant genes
Lactalbumin hydrolysate

Liquid nitrogen

Long-chain n-alkanes
Medium according to Linsmaier and Skoog (1965)

Mol

XXVii

is a conserved sequence motif found in genes which comprise the

MADS-box gene family

Multi-agent system

Malate dehydrogenase

Methylethyl sulfide

met amplified fragment length polymorphisms

Milligram

Medium according to Murashige and Skoog (1962)
Network mass selective detector

Restriction endonuclease that recognizes the sequence C*CG_G

Mitochondrial DNA

Number of chromosomes

Number of planted explants

Naphthalene acetic acid

Number of explants showing callus

Medium according to Takahata and Keller (1991)
Medium according to Nitsch and Nitsch (1969)
Naphthoxyacetic acid

Kanamycin resistance selection marker gene

Phosphate

Polymerase chain reaction
Packed cell volume
Polyethylene glycol
Proembryogenic mass

Peroxidase

Plant growth regulators
Petunia hybrida green leaf mesophyll cells

4-Amino-3,5,6-trichloro-2-pyridinecarboxylic acid
2 1

pmoles m s

Pisum sativum green leaf mesophyll cells
Plant vitrification solution

The number of regenerants

Randomly amplified polymorphic DNA



XXviii

rDNA

RE

RFLP

RNAI

ROS

RP

rpm

rRNA
RT-PCR

S

SA

SDS PAGE
SE

SSR markers
STS markers
suc

Taql

TCA

TDZ

TL

TR

TRBC

UV light
VIGS

VSL

w/v

W14 and W15
WPM medium
X

Zeat

M

Ribosomal DNA

Regeneration efficiency

Restriction fragment length polymorphism
RNA interference

Reactive oxygen species

Regeneration percentage

Rotation per minute

Ribosomal RNA
Real-time PCR
Second
Adenine sulfate

Polyacrylamide electrophoresis
Somatic embryogenesis

Simple sequence repeat markers
Sequence tagged site markers

Sucrose

Restriction enzyme isolated from the bacterium
Thermus aquaticus

Cycle
Thidiazuron

Left T-DNA border
Right T-DNA border
Trout red blood cells

Ultraviolet light

Virus-induced gene-silencing technology
Vitrification solution L

weight/volume

Proteins accumulated in overwintering buds
Woody plant medium (Lloyd and McCown 1981)
Basal chromosome number

Abbreviations

Zeatin—(E)-2-methyl-4-(7H-purin-6-ylamino)but-2-en-1-ol

Micromol



Chapter 1
Systems of Plant Regeneration in Gentian
In Vitro Cultures

Jan J. Rybcezynski, Michael R. Davey, Karolina Tomiczak,
Agnieszka Niedziela and Anna Mikula

Abstract This chapter reviews the development of plant tissue culture and bio-
technology of gentians during the last thirty years. The majority of 30 species
studied belong to the genus Gentiana and those gentians are included into European
flora. Biochemical studies aimed secondary metabolites production are not pre-
sented in the chapter. Explants from seedling were most frequently used for culture
initiation. Differences between particular organs of a few-day-old seedling are
significantly different in the presence of MS medium. Leaves from in vitro culture
plants were used to describe their morphogenic potential and as a source of the
protoplasts for somatic hybridization and transformation. The culture of floral
explants helps to get interspecies hybrids and haploids with improving floriculture
breeding programs. The shoot and root organogenesis and shoot multiplication play
key role in the vegetative propagation of gentians. Embryogenic cultures on
semi-solid and in liquid helped to undertake many subjects concerning somatic
embryogenesis per se and exploration of embryogenic cell suspension for somatic
cell genetic manipulation.

J.J. Rybezynski (X)) - K. Tomiczak - A. Mikuta

Department of Plant Experimental Biology, Polish Academy of Sciences,

Botanical Garden—Center of Biological Diversity Conservation, 2 Prawdziwka St.,
02-973 Warsaw, Poland

e-mail: jjryb@obpan.pl

K. Tomiczak
e-mail: ktomiczak @obpan.pl

A. Mikuta
e-mail: amikula@obpan.pl

M.R. Davey

Plant and Crop Sciences Division, University of Nottingham, Sutton Bonington Campus,
LE12 5RD Loughborough, Leicestershire, UK

e-mail: Mike.Davey @nottingham.ac.uk

A. Niedziela
Institute of Plant Breeding and Acclimatization, 05-870 Radzikow, Poland
e-mail: a.niedziela@ihar.edu.pl

© Springer-Verlag Berlin Heidelberg 2015 1
J.J. Rybczynski et al. (eds.), The Gentianaceae - Volume 2:
Biotechnology and Applications, DOI 10.1007/978-3-642-54102-5_1



2 J.J. Rybczynski et al.

1.1 Introduction

The first papers summarizing the achievements of gentian plant tissue cultures were
published by BareSova (1988) and Miura (1991). Since then, considerable progress
has been achieved in the biochemistry and biotechnology of gentian plant tissue
cultures. The publication that contains the aim of the studies by Skrzypczak et al.
(1993a, b) indicates only six main genera, namely Blackstonia, Centaurium,
Eustoma, Gentiana, Gentianella, and Swertia, with only eleven species. Now,
twenty years later, the list of gentians has increased to almost thirty species. Studies
which have been carried out on species comprising the family Gentianaceae show
considerable evidence for somatic and generative cell manipulation. The study of
plant morphogenesis of Gentianaceae species has revealed five patterns of plant
differentiation leading, these being.

Explant — cells — direct somatic embryos — plantlets

Explant — callus/cells — indirect somatic embryos — plantlets
Explant — adventitious organ — direct somatic embryos — plantlets
Explant — callus formation — meristem formation —

buds — shoots — roots — plantlets

Explant — apical/axillary buds — multiple shoots — roots — plantlets.

Exploration of these patterns of development has led to the manipulation of cells
to generate regenerants with stable or altered chromosome numbers, haploid plants,
sexual and somatic hybrids, transformants, and plants with increased production of
secondary metabolites.

1.2 Explants Considered for Culture Initiation

1.2.1 Seedling/Plant Explants

Gentian seeds are sexual propagules with a relatively low frequency of germination,
and their viability requires special treatment during in vitro and ex vitro experiments.
The requirements cover various factors, i.e., chemical treatment with gibberellins
(GA;3) and low storage temperature, as an example of a physical treatment. The limits
of natural propagation and the pharmaceutical demands for plant material as a source
of secondary metabolites are the main reasons for the development of simple and very
efficient protocols for in vitro propagation of members of the family Gentianaceae.

1.2.1.1 Shoot and Node Fragments

Regeneration systems of several gentian species have been established using a
range of various explants from embryos, seedlings, plantlets, and plants. The
majority of papers describe culture initiation taking place with explants from shoot
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Fig. 1.1 Primary explant and shoot multiplication of Gentiana sp. a Longitudinal section (upper)
and general view (lower) of a regenerating shoot explant showing axillary buds (white arrows) and
b shoot multiplication culture on 0.5 MS-based medium

tips (apical meristems) and node fragments (axillary buds). Explants originate from
seedlings which are a few weeks old, shoot axenic cultures, and plants grown in
controlled conditions (Fig. 1.1). Table 1.1 summarizes the species for which
multiplication systems have been developed using explants mentioned above.
Murashige and Skoog’s (1962) medium is very popular for maintenance of plant
tissue cultures. In the majority of the studied species, the MS medium was used.
The exceptions were as follows: Woody plant medium (WPM) (Lloyd and
McCown 1981) for Gentiana acaulis, Gentiana purpurea (Momcilovi¢ et al.
1997a, b), and Gentiana triflora (Zang and Leung 2002), B5S medium (Gamborg
et al. 1968) for Gentiana scabra (Yamada et al. 1991), and NN medium (Nitsch and
Nitsch 1969) for Gentiana lutea and Gentiana punctata (Skrzypczak et al. 1993a,
b). Murashige and Skoog’s medium (1962) was also used at half strength for
in vitro propagation of Swertia bimaculata and Swertia chirayita (Dafadar and Jha
2012; Joshi and Dhawan 2007a, b), while for G. lutea, the microelements of MS
medium were substituted for microelements of BS medium (Holobiuc and Blindu
2008). A combination of MS mineral salts with B5 vitamins was sometimes used
(Morgan et al. 1997; Cai et al. 2009). It is worth noting that WPM medium applied
at double strength greatly stimulated the growth of micropropagated shoots of
G. triflora var. axillaryflora Akita Blue and their flowering in vitro. All of the
various media mentioned above were used for 2 years to support the persistence of
the regeneration capacity of the systems (Zhang and Leung 2002).

The effects of some factors, such as the application of sucrose, are known to
stimulate explant growth and development. For all the gentians studied, sucrose was
used as the main energy source. The sucrose concentration varied between 2 and
6 %, with the main application being 3 %. There is only one paper which describes
the application of glucose and fructose. However, these two energy sources were



