NATIONAL UNIVERSITY OF LIFE AND
ENVIRONMENTAL SCIENCES OF UKRAINE

Kolomiiets Yu.V., Klyachenko O.L.

BIOTECHNOLOGY

Kyiv-2021



UDC 576:58:378.14 (073)
BBK 28.55.-73
K 69

Recommended for publication by the Scientific Council of the National
University of Life and Environmental Sciences of Ukraine
(protocol Ne3 from 27.10.2021)

Reviewers:

V. Postoenko — Doctor of Agrcultural Sciences, Senior Researcher;

S. Prylutska — Doctor of Biological Sciences, Senior Researcher;

L. Klymenko — Senior teacher, Department of English Philology of Humanities —
Pedagogical Faulty NUBIP Ukraine

Yu. Kolomiiets, O. Klyachenko
Biotechnology. — K.: Comprint, 2021. — 260 p.

ISBN

The textbook outlines the most informative methods and techniques of
biotechnological work with cultivated plants. Methods of introduction into culture in
vitro, microclonal propagation, obtaining callus cultures, regeneration and adaptation
in vivo of plants and modern technological genetic engineering approaches are
presented. The definition and interpretation of the most commonly used terminology
in biotechnology are given.

For students of agrobiotechnological specialties, scientists, teachers, graduate
students, specialists specializing in biotechnology, selective breeding, cell biology,
genetics and plant physiology.

UDC 576:58:378.14 (073)
BBK 28.55.5173

ISBN

© Yu. Kolomiiets, O. Klyachenko, 2021
© National University of Life and Environmental Sciences of Ukraine, 2021



CONTENTS

INErOdUCTION. ...
Biotechnology laboratory: structure and equipment .............................
PART 1. PRINCIPLES AND METHODS OF GROWING ISOLATED
CELLS AND TISSUES OF PLANTS .. ..ot

1. Methods of sterilization of laminar box, utensils, nutrient media and plant
MAtErIal ... e

2. Preparation of stock solutions for Murashige and Skoog medium (MS) ..

PART 2. INFLUENCE OF MINERAL COMPONENTS OF NUTRIENT
MEDIA ON CELL DEVELOPMENT ...,
3. Preparation of Murashige and Skoog medium. Sterilization of the
medium by autoclaving............c.oiiii
4. Sterilization of liquid media by passing through a bacterial filter (cold
SEEMHZAtION) ... e
5. Preparation of nutrient media for culturing isolated plant cells and tissues
6. Sterilization of soybean seeds to obtain sterile seedlings ...................
7. Sterilization of carrot roots and potato tubers and their introduction into
INVITFO CULTUTE ..ot e e e e e
8. Study of the phenomenon of physiological polarity ...........ccccccevivinnnee.
PART 3. CULTURE OF CALLOUS TISSUE ......ccooiiiiiiiicieee,
9. Obtaining and cultivating callus tissue of soybeans ..........................
10. Transfer (passage) of callus tissue on fresh nutrient medium ............
PART 4. REMOVAL OF GROWTH CHARACTERISTICS OF CALL
CULTURE . .. e
11. Obtaining callus tissue from tobacco leaves .............ccccccviiiiiieninenne
12. Obtaining calluses from immature embryos and nodes of wheat
HHIErING o
13. Getting calluses from bean 100t ..........c.ccoviiiiiiiiiiiiii i,

14. Counting cells by the Brown’s method ...l

11

12
15

18

50

52

54
S7

58
60
62
64
66

67
67



15. Transplantation of callus tissue on a fresh nutrient medium with

different composition 0f hOrMONES .........ccooiiiii i, 77

PART 5. MORPHOGENESIS AND REGENERATION IN CULTURE OF

CALLUS TISSUES. OBTAINING PLANT REGENERANTS ................ 79
16. Induction of organogenesis in callus tissue of potatoes .................... 86

17. Induction of stem organogenesis in the culture of callus tissue of

tomatoes. Obtaining plant regenerants (indirect morphogenesis) ................... 88
18. Induction of somatic embryogenesis in callus tissue of alfalfa leaves ... 90
PART 6. SUSPENSION CELL CULTURE.........coocoiiiiiiieieeee 93

19. Obtaining a suspension culture of callus tissue of ginseng, carrots,
Jerusalem artichokes, cloves, tomatoes ........cccovvviiiiiiiiiiiiiiii e 97
20. Evaluation of cell viability and the degree of aggregation of the
SUSPENSION L.ttt ettt ettt e e e e e e 98
21. Detection of suspension culture density and evaluation of its growth

ACH VI Lo 99
22. Sowing suspensions on a solid agar medium to obtain unicellular
ClONIES e 101

PART 7. APPLICATION OF TISSUE CULTURE METHOD IN PLANT

SELECTION (NON-TRADITIONAL SELECTION METHOQOD) .............. 104
23. Sowing the suspension on a selective nutrient medium ................... 106

PART 8. CULTURE F ISOLATED PROTOPLASTS ..o 108
24. Tsolation and cultivation of protoplasts ...........ccccevveiiiiiiiniiiiin... 112

PART 9. MICROCLONAL PROPAGATION OF PLANTS......c...c.oeiia 116
25. Isolation and cultivation of apical meristems (cloves, potatoes, roses,

o 4= 1] &) I OERPN 120
26. Isolation and cultivation of apical meristems of potatoes ................. 121

27. Obtaining virus-free planting material with thermotherapy method in

combination with cultivation of apical meristems .....................cooiL. 123
28. Obtaining potato micro-bulbs inwvitro ....................ooviiiiiivieeen. 125
29. Micropropagation of cloves (potatoes) by Cuttings ...........cccocveveinenenn, 127
30. Induction of rooting in microclonal reproduction of gerberas ............ 128

31. Accelerated microclonal reproduction (cloves, currants, potatoes) ...... 130



32. Cultivation of plant regenerants .................ccooiiiiiiiiiiiieviesienn,. 131

33. Record of growth characteristics of plant regenerants ............c.cccccvene. 132
PART 10. REGULATORS OF PLANT GROWTH AND
DEVELOPMENT ... 133

34. Isolated soybean tissue as a test system for cytokinins .................... 135

35. Isolated Jerusalem artichoke tissue culture as a test system for auxins .. 137

36. The effect of auxins, cytokinins and gibberellins on the growth and
development of micro cuttings of stevia, potatoes, cloves ........................... 139
PART 11. CULTURE OF ISOLATED CELLS AND TISSUES IN PLANT
SELECTION. ...t e e 141

37. Growth and development of anthers in culture in vitro (androgenesis) . 143

38. Obtaining haploids from a female gametophyte (gynogenesis) .......... 145

39. EMBIY0 CUMTUIE ...e e, 146

PART 12. MOLECULAR BIOLOGY AND GENETIC ENGINEERING... 157

40.

Preparation of nutrient medium for cultivation of Agrobacterium

(0110 1=) = o] (] 1 161

41. Transformation of plant cells of carrots and Jerusalem artichoke tubers

under the effect of Agrobacterium tumefaciens (natural genetic engineering) .... 162

42. Transformation of tomato plant cells under the effect of Agrobacterium

TUMETACIENS ... 164
43. Transformation of a plant cell under the effect of the Agrobacterium
tumefaciens Ti-plasmid ... 165
44. 1solation of nuclear DNA from plant tiSSUES ................ccveviieiiieeinnenn, 167
45. Plasmid amplification ... 168
46. Isolation of plasmid DNA ... 169
A47. 1solation of plant RNA ... e 171
48. RNA gel eleCtrophoresis ..........ooooieniiiii e, 171
49. Quantitative analysis OF DNAOrRNA ..., 172
50. 1s0lation 0f DNA ..o 173
51. Isolation of viral DNA from plant material ................................. 175
52. Isolation of viral RNA from plant material ................................. 177
53. Realization of the reverse transcription reaction .............ccccceeevieeinnnn, 178



54. Enzyme-linked immunosorbent assay for viral infections ................ 180
55. Realization of the polymerase chain reaction with the purpose of
qualitative diagnostics and identification of viruses ..................cccceeevivveenee. 182

56. Agarose gel electrophoresis .......oovviviiiiiiiiiiii i 186
PART 13. REDUCTION-OXIDATION ENZYMES ...............ocooiil 189
57. Peroxidase activity analysis ...........c.coeviiiiiiiiiiiiiiiinieeniieeen.. 190
58. Study of the electrophoretic spectrum of peroxidases ...................... 198
59. Finding polyphenol oxidase activity ...........ccccooeeviiiiiiiiiiii i, 200
PART 14. CRYOPRESERVATION OF PLANT MATERIAL ................ 201

60. Study of the protective effect of cryoprotectants on plant resistance cells
tO IOW LEMIPEIALUIES ...ttt e e e 205
61. Influence of cryoprotectants on cytoplasm proteins of plant cells

exposed to negative teMPEratures ..........c.oouiveiiri i, 206
PART 15, BIOTECHNOLOGY OF GROWING EDIBLE
MUSHROOMS . ... e 208

62. Obtaining a pure culture of mycelium (button, oyster mushrooms) ...... 208
63. Growing mycelium of oyster mushrooms, button mushrooms on grain
SUDSEIate ... e 209

64. Obtaining fruiting bodies on the substrate .......................oooiiii. 209
APPENAIX . 211
GlOSSaANY .. 213

RET O ONCES. .. e 252



