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- UDC: 632.937.1,16+632,953

ENTOMOPATHOGENIC VIRUSES

Novosibirsk ENTOMOPATOGENNYYE VIRUSY in Russian 1976 (signed to press 20 Jan 76)
pp 2~-14, 285-286

[Annotation, introduction and table of contents from book "Entomopathogenic Viruses",
by Neonila Nikolayevna Vorob'yeva, Biological Institute, Siberian Department of
the USSR Academy of Sciences, Izdatel'stvo "Nauka", 1650 copies, 288 pages]

[Text] This monograph submits data gathered and studied over the last two

decades, which deal with morphology, structure of virions of insect viruses, bio-
chemical composition, classification, distribution and role in nature. Special
attention is given to questions of viral infection, its manifestation at different
stages of insect development, routes of viral transmission in sites of reproduc-
tion of the host insect, conditions of onset of spontaneous and artificial epizootic
outbreaks, and the role of viruses in biological control of insect population,

(The results of production experiments on the use of viruses in a biological
method of control of the fox-colored sawfly [Neodiprion sertifer (Geoff.)], cabbage
moth [Mamestra brassicae (L.)] and cabbage white butterflies [Pieridae family]
merit attention.)

This book is intended for virologists, entomologists, students on biological facul-
ties and institutes, workers in agriculture and forestry.

Introduction

a In the last two decades, applications have been found for entomopathogenic viruses
in the control of harmful insects in many countries. The very first attempts at
using viruses in a biological method of controling agricultural and forestry
pests showed them to be promising and superior to chemical agents., The action of
viruses is specific, and it is directed toward specific species of host insects
and closely ralated species, inducing epizootic diseases among them that result in
mass scale death. They are harmless to the surrounding flora and fauna, and thus
do not disrupt the biocenotic associations formed in nature. Entomopathogenic
viruses ave not pathogenic for man and farm animals or fowl. Inherited resistance
does not develop in insects sensitive to a virus.

There are many reports on devastating epizootic outbreaks among populations of
insects referable to the orders Lepidoptera and Hymenoptera, to which belong most
- species of harmful insects (Morozova, 1966; Shekhurina, 1966; Guliy, 1967; Sirko,
1968; Zarin', 1968; Dikasova, 1969; Shvedchikova et al,, 1969; Shamonin,
_ Ponomarenko, 1971; Nurlybayeva, 1973; Vorob'yeva, Baranovskiy et al., 1974; Stein-
haus, 1950, 1952; Lotmar, 1941; Bird, 1954, 1955; Franz, 1955; Tanada, 1961; Hall,
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1557; Elmore, 1961; Adams et al., 1966; Akutsu, 1967; Doane, 1967; Smith, 1967;
Welser, 1966).

In the literature, it is indicated that epizootics of viral nature with high
mortality, which occur among harmful insects, arrest mass reproduction thereof
and lead to prolonged depression of the species (Orlovskaya, 1962, 1963, 1968;
Guliy, 1966, 1967; Dikasova, 1969; Vorob'yeva, 1974; Steinhaus, 1949, 1963;

Z Bergold, 1953, 1958; Bird, 1964). There are known instances of introduction of
pathogenic viruses into insect populations, and these viruses became members of

the biocenosis, retarding reproduction of the insects for a long time (orlovskaya,
1963; Vorob'yeva, Zhimerikin, 1974; Bird, 1455) .

Insect viruses are widespread, and viral diseases that occur among populations of
different harmful insects when there is a burst of mass reproduction were found

to be one of the important factors regulating the number of harmful insects in
nature (Pospelov, 1940; Orlovskaya, 1960, 1968; Poltev, 1963; Balch, Bird, 1944;
Bird, 1954; Steinhaus, 1954; Bergold, 1958). Consequently, taking into considera-
tion the forecast for reproduction of harmful insects, one can introduce at a
specific time large doses of virus into a population and induce amn epizootic
resulting in mass scale insect death.

Viruses began to be used for the control of harmful insects in the Soviet Union,
Canada, the United States, Yugoslavia, Czechoslovakia and other countries by
means of inducing artificial epizootics, However, production tests with viruses
for the control of agricultural and forestry insect pests were not always
successful. In some cases, introduction of the virus results in epizootics with
high mortality and in others, the same virus introduced into a population of the
same insect species turned out to be minimally effective or ineffective. This
is attributable, first of all, to inadequate knowledge of the biological proper-
ties of entomopathogenic viruses, which is so needed for comparative studies of
viruses 1solated from different insect species, or even the same species but
different populations. The type of nucleic acid and morphological structure of
the virion have been identified for only a few insect viruses.

In essence, entomopathogenic viruses resemble known viruses that strike at ver-
tebrate animals; but many of them are capable of forming unique crystalline
elements, which are called inclusion bodies, and which differ in shape and
size in different viruses, that are found in the cells and tissues of insects
infected with virus. The inclusion bodies may be in the form of polyhedrons and
1 granules, and for this reason the insect diseases are called polyhedrosis and
granulosis, respectively. However, there are also viruses that are pathogenic
for insects that do not form inclusion bodies in cells. For this reason, all insect
viruses are usually divided into two main groups: viruses that form inclusion
bodies~-polyhedrons or granules--in the cells of infected animals (inclusion
viruses) and viruses that do not form such inclusions (noninclusion viruses).

There are more than 250 known viruses isolated from 175 arthropod species. They
include 170 species of viruses of nuclear polyhedrosis, 30 of cytoplasmic poly-
hedrosis, 35 of granulosis and the rest are viruses that do not form inclusion
bodies (Hughes, 1957; Martignoni, Langstrom, 1960; Weiser, 1966). The largest
number of viruses has been isolated from insects of the orders Lepidoptera,
Hymenoptera and Coleoptera. Viruses have also been found in Hemiptera and
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Orthoptera. The uneven distribution of viruses, as determined from isolation thereof,
does not reflect the real situation. There are many more viruses in existence
than have been described, and they can strike any species, but Lepidoptera and
Hymenoptera are of greater interest to reosearchers, since the pests of trees and
farm crops are largely represented by these orders., There is regular appearance
of reports in the literature about detection of new viral diseases among the
pests of different crops and useful wild plants; however, there is still too little

- or no information about iselation of viruses from harmful insect species that are
important to farming.

The prevalence of viruses of polyhedrosis and granulosis among those isolated is

apparently attributable to the ease of identifying them because oi the presence of

inclusion bodies. It is considerably more difficult to detect viruses that do not

form inclusion bodies and to isolate them from insect tissues; numerous successive

passages through healthy insects are required, and this is limited by the short

larval stage, which is the most sensitive to viruses (Grace, 1968; Havashi, Bird,
N 1968; Mivajima et al., 1967, 1968),

Detection and isolation of entomopathogenic viruses are also difficult because
viral infections occur in insects chiefly in a latent form, without marked symptoms
of disease, Research has established that viruses present in insects in a latent
form are capable of advancing from one stage of development to another, higher
stage, as well as transovarially from one generation to another, thereby persist-
ing in a population for many generations without causing acute infection (Pokhil

et al., 1936; Yermakova, Tarasevich, 1968; Vorob'yeva, Nurlybayeva, 1974; Bird,
1961a; Bullock et al., 1969).

The virus could be activated under the influence of endogenous or exogenous factors,
change from a latent state to infective virus resulting in outbreaks of acute
infection among insects with marked symptoms (David, 1966, 1969a; Ignoffo, 1965;
Jaques, 1962, 1964).

The numerous routes of viral transmission, which have been demonstrated in sites
of insect reproduction, cause the spread of acute infection in a population,
striking a large number of insects and causing a spontaneous epizootic. While it
is relatively easy to detect and isolate the virus from insect tissues in the case
of acute infections, this is very difficult with latent infection, especially
since the form of existence of the virus in a latent state is not yet known,

Up to now, differentiation of entomopathogenic viruses is made on the basis of
presence or absence of inclusion bodies, their morphclogy and localization in
insect cells, without consideration of the morphological structure and physico-
chemical features of virions. The absence of descriptions of virions prevents
detection and selection of strains for use in biological control of harmful in-
sects, studies of viruses in nature, their role in pathology of man and animals,
and systematization thereof. Insufficient knowledge about the biological proper-
ties of insect viruses prevents solving problems that are important to substantia-
tion of the desirability of using viruses in the biological method of controlling
harmful insects.

Some researchers consider virulence of the pathogen to be the main cause of v’ral
epizootics and high insect mortality, whereas others relate it to the physioio-
gical condition of the pest, its sensitivity to the virus and population density
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(Kelsey, 1957, 1958; Rivers, 1958; Gershenson, 1958, 1960; Ossowski, 1960; Ito et
- al., 1960; David, 1964, 1965; Gilmore, Munger, 1965; Ignoffo, 1966; Chauthani et
al.,, 1968, 1971; Cunningham, 1970; Martignoni, Schmidt, 1961).

There is also disagreement as to virulence of the viruses. Some researchers believe
that the virulence of a virus isolated from one species of imsects is manifested

to the same degree when it infects insects in different populations of this species.
Others, on the contrary, maintain that there is variability of virulence, depending
on the population. Thus, Bird and Burke (1961) report that different populations
of sawflies in the field differ in resistance to nuclear polyhedrosis virus. David
et al. (1965) isolated a strain of nuclear polyhedrosis virus from a resistant
population of Pieris brassicae L.; Aruga et al. (1963) isolated such a strain

from a resistant population of silkworms [Bombyx mori L.]j. In 1958, Ossowski

(1958) isolated a strain of nuclear polyhedrosis virus from the Kotochalia junodi
(Heye) bagworm in remote populations, which was more virulent than a local strainj
Thompson (1968) isolated one from the Cadra cautella almond moth.

Smirnoff (1961, 1962) reported isolating virus from the Neodiprion swainel sawfly,
which was virulent for many populations after passages through sawflies gathered
from many regions of Canada.

The lack of systems that permit studies outside the host is hampering studies of
biology of insect viruses. For a long time, persistent efforts to obtain cell
cultures of insect tissues were in vain. In recent years, some researchers have
made some advances (Grace, 1969; Wyatt, 1956; Vago, 1967). V. D. Miloserdova
(1966) did much work on the use of cell cultures to study Nucleopolyhedrosis virus
of Bombyx mori. She observed in vitro reproduction of nuclear polyhedrosis virus
of the silkworm and formation of polyhedrons in cells in cell cultures taken

from the ovaries of Bombyx mori (Miloserdova, 1966; Miloserdova et al., 1971).

Mitsuhashi (1967) obtained reproductisn of Iridovirus Chilo in cell cultures from
leafhopper tissues; Bellett and Mercer (1954, 1965) obtained Iridovirus sericesthis
reproduction in a cell culture from tissues of Antheraea eucalypti Scott, and
nuclear polyhedrosis virus was reproduced in sawfly hemocytes (Mosolov et al.,
1967; Sohi, Cunningham, 1972).

The Japanese researchers, Himeno et al. (1967) obtained polyhedron formation in
cell cultures from tissues of the silkworm by introducing DNA of nuclear poly-
hedrosis virus of Bombyx mori.

Many published works deal with the correlations that occur between different viral
species when they are found together, In practice, infestation of plants by
several insect species has been repeatedly encountered. If these insects are
infected with viruses, there could be an exchange of viruses if there is close
enough contact, use of the same feed contaminated with insect excrements. Some
researchers have reported synergism of viruses in insects in such cases (Tanada,
1959-1961; Dikasova, 1969; Paillot, 1936); others, on the contrary, refer to
interference between viruses (Bird, 1959). It is important to settle this question
for use of complex viral preparations containing 2-3 viruses in the biological
method.

It is impossible to propose with certainty the use of a virus isolated in one
region against the same host insect in another region because of the lack of
sufficient data about the sensitivity to the same virus of pest populations

4
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in different ecological conditions, and about the degree of virulence of different
viral strains for the same insect population,

Bergold (1963) believes that entomopathogenic viruses can be used in any ecologi~-
cal situations: with or without an identical virus in the insect population. But,
in the former instance, efficacy is achieved only if a large enough amount of

the virus is introduced into the population, in the form of overall treatment.

In the latter case, introduction can be limited to local treatment.

The experience of Soviet and foreign researchers indicates that insect viruses can
be used in the control of insects that are farm and forest pests, but one must

take into consideration and adhere to many virological, entomological and ecological
factors that affect the outbreak and course of artificial epizootics, and the
efficacy of viral agents.

The best use of entomopathogenic viruses in the control of farm and forestry
insect pests can be achieved through the joint collaboratior of researchers in
many countries of the world.

The virological method of controlling harmful insects will make it necessary to
solve many problems, which are the concern of many countries, rather than only one.
- The main question that will have to be answered in the next few yecars is whether
insect viruses are safe to man, farm animals and surrounding fauna. Introduction
of large amounts of a viral agent over the circumscribed site of reproduction of
a harmful insect, accumulation of enormcus amounts of the virus in soil during an
epizootic, absence of a host insect or drastic decline of population thereof canmot
fail to have an effect on the virus and local fauna, A virus, as a live agent and
strict intracellular parasite, must enter into specific biocenotic relations with
local fauna to remain viable under conditions that are new to it. While circulat-
ing among members of a bilocenosis and in the course of adaptation to new hosts,
a virus may acquire new properties, such as pathogenicity for new species of in-
sects and mammals, including man.

It is imperative to trace the fate of a virus, its bjological properties, nature
of relaticns with other members of the biocenosis--vertebrates and invertebrates—-—
at the site of reproduction of the host insect over a period of several years
following an artificial epizootic. and only 1f these problems are resolved can
viruses be used extensively in biological coatrol of harmful insects.,

* Work was done for several years at the Biological Institute, Siberian Department
of the USSR Academy of Sciences, to work out the theoretical bases for practical
use of entomopathogenic viruses for biological control of the most dangerous
pests of trees and agricultural crops in Siberia.

This work was pursued in several directions: study of viral infections in insects,
detection of epizootic outbreaks, patterns of course thereof, effect on population
size, study of biological propertias of isolated viruses, selection of the most
) virulent strains for experimental studies of viral infections and reproduction of
- artificial epizootics at the sites of insect reproduction.

Demonstration of viral infections, patterns of onset and course of epizootic out~
breaks among Jnsect species was necessary because of the economic importance and
mass reproduction of a pest insect species during the pericd these studies were
conducted.
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Prior to our work in Siberia, insects had not been submitted to virological
examination. V. I. Poltev and V. P. Luk'yanchikov (1961) were the first to
isolate granulosis virus--Granulosis virus Dendrolimus sibiricus-~from cater--
pillars of the Siberian silkworm, Dendrolimus sibiricus (Tschtw.), during an
epizootic outbreak of granulosis in a population of this pest in Tuva.

In Tomskaya Oblast, at the sites of mass reproduction of sawflies--Neodiprion
sertifer Geoffr. fox-colored sawfly, Diprion similis Hart (Tenthredinidae family)
black-yellow pine sawfly and Cladius viminalis Fall. (Tenthredinidae) poplar

- sawfly--V, V. Guliy (1967) isolated nuclear polyhedrosis virus during epizootics with
mass insect mortality, from caterpillar-like larvae of all 3 of these sawflies.

- Tn Amurskaya Oblast, in sites of mass reproduction of the Ocneria dispar L. gipsy

) moth, when an epizootic was on the decline, the virus of nuclear polyhedrosis,
Nucleopolyhedrosis virus Ocneria dispar was isolated and, in addition, the Altayskiy
strain from healthy caterpillars collected at a State forestry station in Altay, in
the absence of cases of polyhydrosis, and the Samarkand strain was isolated _
from gipsy moth caterpillars, gathered in Samarkandskaya Oblast, which had become
sick spontaneously in the laboratory (Larionov, 1971).

Nuclear polyhydrosis virus of the céniferous vaporer moth, N. virus Dasychiria
abietis, was isolated from caterpillars that died during an epizootic that broke
out at the site of mass reproduction in pine stands in Buryatia. At the time of

the inspection, the population of coniferous vaporer moths had been entirely
destroyed. Mortality rate of caterpillars constituted up to 95% (Zhimerikin, 1969).

Spontaneous epizootics of nuclear polyhedrosis are extremely rare among Mamestra
brassicae L. cabbage moths, and there is no information about it for either
European USSR or Siberia. In 1966, an epizootic was discovered among cater-
pillars of this pest at a time of a large population thereof in State farms of
Novosibirskaya Oblast (25 caterpillars per head of cabbage). Nucleopolyhedrosis
virus of Mamestra brassicae was isolated from dead and sick caterpillars, The
insect death rate on the fields constituted up to 75% (Sirko, 1966) .

R. N. Nurlybayeva (1973) isolated nuclear polyhedrosis virus from cabbage moth
caterpillars on vegetable fields of State farms in Kazakhstan. Concurrently,
granulosis virus of P. brassicae, G. v. P. rapae were isolated from Pleris
brassicae and P. rapae white butterfly caterpillars on the same fields.

V. I. Baranovskiy (1971) isolated Granulosis virus Apamea anceps from Apamea
anceps Schiff, rustic moth caterpillars collected from fields in Novosibirskaya
Oblast.

All of the isolated strains of insect viruses were found to be highly virulent.

In view of the differences in ecological conditions, under which the gipsy moths,
sawflies, cabbage moths, white butterflies live, it was logical to assume that
there were distinctions and differences in ecological properties of viruses that
induced disease in pests of one species inhabiting different geographic zones.

To test this hypothesis, comparative studies were made of properties of viruses
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isolated from populations in Siberia and other geographic zones. For these studies,
viruses were received from other laboratories or isolated by the researchers at the
sites of reproduction of the studied insect species in different parts of the

Soviet Union.

The relationship between viruses isolated from different insect populations was
determined by serological reactions and the method of fluorescent antibodies.

Much work was done for the study of resistance of polyhedrons and granules to
physical and chemical environmental factors, and to stays in soil. Studies were
conducted for determination of the conditions required to induce artificial
epizootics, obtain maximum incidence of disease among insects and mass scale
deaths within a short period of time (selection of the most virulent strains,
doses of agents and age of larvae), under laboratory conditions and at sites of
reproduction of the fox-colored sawfly and cabbage moth.

Studies were made of routes of horizontal and vertical spread of the virus during
epizootics that occurred spontaneously or were artificially induced. Transphase and
transovarian transmission of nuclear polyhedrosis and granulosis viruses by infected
insects was demonstrated in the field and experiments (Vorob'yeva, Zhimerikin,

1974; Vorob'yeva, Nurlybayeva, 1974).

Several field tests were conducted on ground and aerial treatment of sites of
mass reproduction of the fox-colored sawfly with a viral agent prepared in the
laboratory. These tests turned out to be very effective: the epizootics that
occurred on tree stands treated with viral agent caused death of 92-100% of
the sawfly caterpillar-like larvae. Epizootiological observations conducted for
the next 4 years after an artificial epizootic at the site revealed that the
sawfly population had been reduced to a minimum, and the: few caterpillar-like

- larvae that developed in the second, third and fourth generations were infected,
which delayed an increase in population size (Guliy, Zhimerikin, 1971; Vorob'yeva
et al., 1974).

Field experiments at the Aksay State Farm in Kaskelenskiy Rayon of Kazakhstan
(experimental base of the Kazakh Institute for the Protection of Plants) re-
vealed that it is possible to induce an artificial epizootic among cabbage moth
and white butterfly caterpillars, provided a large dose of virulent virus is
introduced into the insect population and that there are caterpillars of a
younger age. The production [field] experiment demonstrated that it is possible
to produce an artificial epizootic outbreak simultaneously among cabbage moths,
cabbage and rape white butterflies using an agent that contains two viruses,
polyhedrosis and granulosis (Vorob'yeva, Nurlybayeva, 1974).

In many laboratories of the world, studies are in progress of acute and latent
viral infections among insects, pathomorphology and correlation between virus and
host, properties of isolated viruses, resistance to physicochemical environmental
factors, preservation of virus in nature, the role of soil containing virus in
occurrence of epizootics at sites of vreproduction of the host insect. The results
of these studies have been published in various journals. A vast literature has
been accumulated dealing with the role of viruses in biological control of insects
in the field and possibility of controlling the size of insect populations with
the use of viruses.
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There are very few summaries of the existing literature in the form of monographs
or textbooks, and none at all in the Soviet literature.

The monographs by Steinhaus ("Pathology of Insects" (1950, 1952, 1963), Weister's
"Diseases of Insects" (1966) and Smith's "Insect Viruses" (1967) do not include

the bibliography of recent years, which sheds light on many aspects of pathogenesis
and pathomorphology of viral infections, epizootiological observations made at the
sites of reproduction of ingects following spontaneous and artificial epizootics.

It is not deemed possible to submit in a single monograph a summary of the Soviet
and foreign literature dealing with entomopathogenic viruses, use thereof in
biological control of pest insects, and our own research conducted with colleagues.
We are giving here only the sources that shed light on issues that are needed for
theoretical validation of the use of insect viruses to control harmful insects.

Entomopathogenic viruses constitute a large group. Most of them are distinctive
and known only to occur in insects-~polyhedrosis, granulosis and iridosis viruses,
Viruses are also encountered that resemble smallpox virus of man and aniamls

and the virus of vesicular stomatitis (Sigma virus). If only for this reason, it
is not deemed feasible to place entomopathogenic viruses into a group that is
separate from animal and plant viruses. In this monograph, we offer the current
version of classification of insect viruses and principles used to integrate

them in a general system of classification of viruses.

Contents Page
~ Introduction 3
Classification of insect viruses 14
Chapter 1., Morphology of Entomopathogenic Viruses 25
Rod-shaped viruses 26
Nuclear polydrosis viruses 26
Granulosis viruses 40
Spherical viruses 55
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BIOTECHNOLOGY

UDC: 581.1:576.3
TISSUE CULTURING METHODS IN PLANT PHYSIOLOGY AND BIOCHEMISTRY

Kiev METODY KUL'TURY TKANEY V FIZIOLOGII I BIOKHIMIT RASTENIY in Russian 1980
(signed to press 2 Jun 80) pp 2, 486-488

[Annotation and table of contents from book"Tissue Culturing Methods in Plant
Physiology and Biochemistry", by Fedor Leont'yevich Kalinin, Veresa Vasil'yevna
Sarnatskaya and Valentina Yevgen'yevna Polishchuk,, Institute of Plant Physiology,
Ukrainian Academy of Sciences, Izdatel'stvo "Naukova dumka", 1000 copies,

488 pages]

[Text] This monograph deals with questions of using methods for culturing cells,
tissues and organs in studies of physiology and biochemistry of normal and
pathological growth, differentiation and dedifferentiation of plants under ordi-
nary and extreme conditions. The latest methodological recommendations on in
vitro cultivation are summarized.

There is a discussion of requirements concerning physical factors and laboratory
facilities for culturing cells, tissues and organs, methods of isolating, treating,
transplanting them and other aspects of the techniques for in vitro cultivation.

It is intended for physiologists, biochemists, geneticists, cytologists and all
those who are concerned with current problems of biology.

There are 67 illustrations and 11 tables; bibliography furnished on pp 407-485.

Contents Page
Introduction 3
Chapter 1. History of Cultivation of Plant Cells, Tissues, Organs.
Problems and Prospects in This Field 15
Part 1. Principles and Methods of Cultivating Isolated Cells, Tissues
and Organs of Plants 53
Chapter 2. Material and Methodological Bases of Organizing Work in a
Laboratory for Cultivating Cells, Tissues and Organs 55
Laboratory room and equipment 55
Dishes, instruments and materials 58
Maintaining sterile conditions 62
Principles and theoretical bases for preparing nutrient media 77
Constituents of the most widely used nutrient media 95
Part 2. Use of Metheds for Cultivating Cells, Tissues and Organs to
Solve Thecretical and Applied Problems 131
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Breeding unicellular clomnes
Cultures of protoplasts, somatic hybridization and gene engineering
Chapter 4., Cultures of Isolated Organs and Embryos
Roots
Leaves
Flowers
Gynaecium [or ovary] and fruit
Pollen and anthers
Embryos
Meristems i
Chapter 5. Cytological and Cytogenetic Studies of Cell and Tissue Cultures
Chapter 6. In Vitro Cell Differentiation
Histogenesis
Morphogenesis
Chapter 7. Use of Tissue Culture Method in the Study of Neoplastic
Transformation
Chapter 8. Metabolism of Cells and Tissues With Normal and Neoplastic
Type of Growth in Vitro
Metabolism of nucleic acids
Metabolism of proteins
Cell energy
Growth regulators
Lipids
Chapter 9. Study of Secondary Metabolic Substances by the Method of
Cell and Tissue Culture
Alkaloids
Tannins
Flavones, flavonols, phenolic acids
Coumarins
Anthocyans
Lignin
Fssential oils
Resins
Rubber
Carotenoids
Steroids
Glycosides
Anthraquinones
Antibacterial and antiviral compounds
Chapter 10. Effects of Extreme Conditions on Isolated Cells and Tissues
Extreme temperatures
Elevated salt concentration
Ionizing radiation
Chapter 11. Use of Tissue Culture Method in Phytopathology
Viral reproduction in cell and tissue cultures
Interaction between mycoplasma and plant tissue
Joint cultures of fungi and plant tissues
Joint cultures of mycorhyzal fungi and isolated roots

11

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030014-9

133
133
136
140
145
177
189
191
207
207
218
226
227
237
243
246
251
265
265
271

277

291
291
298
310
316
322

327
327
336
338
343
345
349
349
353
353
354
355
359
362
362
366
366
379
383
387
388
392
393
397



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030014-9

FOR OFFICIAL USE ONLY

Tissue cultures in the study of nematod biology 397
Conclusion 400
} Bibliography 407

COPYRIGHT: Izdatel'stvo "Naukova dumka", 1980

10,657
CS0: 1840/999

12

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030014-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030014-9

FOR OFFICIAL USE ONLY

UDC: 591,51:597(26)
SALT-WATER FISH SIGNALING AND BEHAVIOR

Leningrad SIGNALIZATSIYA I POVEDENIYE MORSKIKH RYB in Russian 1980 (signed to press
27 Jun 80) pp 2, 154-156

[Annotation and abstracts from book "Salt~Water Fish Signaling and Behavior", edited
by A. I. Karamyan, corresponding member of the USSR Academy of Sciences, Murmansk
Institute of Marine Biology, Order of Lenin Kola Affiliate imeni S. M. Kirov of

the USSR Academy of Sciences, Izdatel'stvo "Nauka", 900 copies, 156 pages]

[Text] This book contains the results of experimental research on reception and
behavior of salt-water fish., There are descriptions of reactions of Salmonidae

" (salmon, humpback salmon) to weak electric fields, and relationship of these re-
actions to ambient conditions (temperature, density and others). Electrophysiolo-
gical methods were used to study mechanisms of the ray's electroreceptor system.
Data are submitted on biology and feeding behavior of a little known ray species
of the Barents Sea, the Raja radiata. A link was demonstrated between feeding
behavior of salt-water fish and functional activity of the digestive tract; dis-
tinctions were found in gastric and intestinal peristalsis. There is discussion
of chemical signaling in fish behavior. Methods and results of electrophysiologi-
cal studies of the cod's gustatory analyzer are described.

This book is of interest to marine bilologists, ichthyologists, physiologists and
specialists in evolutionary biology.
UDC: 061.62:591.1

TWENTIETH ANNIVERSARY OF THE LABORATORY OF PHYSIOLOGY, MURMANSK INSTITUTE OF
MARINE BIOLOGY, USSR ACADEMY OF SCIENCES (IN LIEU OF A FOREWORD)

[Abstract of article by A. D, Chinarina]
[Text] Main stages of development of the Laboratory of Physiology and scientific
- directions of work over a 20-year period (1958-1978) are outlined. Establish-
- ment of the Laboratory of Physiology in Dal'niye Zelentsy coincided with the
conversion of the Murmansk Biological Station into the present institute. The

comparative evolutionary approach is emphasized in solving problems of marine
physiology.
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UDC: 597.553.2:537,212
ELECTRICAL SENSITIVITY OF SALMONIDAE

[Abstract of article by V. M. Muraveyko]

[Text] Studies were made of electrosensitivity of Salmonidae by the electrophysiologi-
cal and conditioned reflex methods. The threshold electrosensitivity (about

1¢10~° A/mm?)is not indicative of functional electroreception in these fish. Gal-
vanic reaction tests demonstrated a correlation between threshold of primary

reaction and fish size, position in relation to lines of flow, specific resistance

and temperature of water. The obtained data indicate that the forced movement of

fish toward the anode is based on the Verigo phenomenon of cathodic depression.

There are 6 illustrations; bibliography lists 25 items.

UDC: 597.35/57
BIOLOGY OF THE RAJA RADIATA (DONOVAN) RAY
[Abstract of article by A. D, Chinarina and N. V. Troshicheva]

[Text] Biological analysis was made of the Raja radiata rays of the Barents
Sea, There was demonstration of proportion of sexes, size and weight composition,
state of gonads, index of the liver and index of the brain. Data are submitted
on nutrition of rays. There are 2 illustrations, 10 tables; bibliography lists
26 items.

‘UDC: 612.812
PERCEPTION OF MAGNETIC FIELDS BY THE RAY'S LORENZINI AMPULLA
[Abstract of article by G. R. Broun and V. M, Muraveyko)

[Text] Studies were made of reactions of the ray's Lorenzini ampullar electroreceptors
to electric fields induced by moyement of water in a magnetic field, fish movement

in relation to static water in a magnetic field and variations of intensity of

the geomagnetic field. Direct neurophysiological experiments showed that perception
of the geomagnetic field and its variations by the ray's electroreceptors is
possible. The question of perception of magnetic stimuli by the electroreceptor
system of Chondrostei is discussed on the basis of extensive experimental material.
There are 17 illustrations, 1 table; bibliography lists 18 items.

UDC: 597.35:591.53:578.083

FOOD AND FEEDING BEHAVIOR OF THE RAJA RADIATA (DONOVAN) RAY UNDER EXPERIMENTAL
CONDITIONS

[Abstract of article by A. D. Chinarina and N. V. Troshicheva]
[Text] Data are submitted from observations and experiments on nutrition and
feeding behavior of the Raja radiata starry ray of the Barents Sea in a tank.

This is the first attempt at keeping R. radiata in captivity for a long time.
Feed selectivity was observed in the ray. 1Its favorite food is live fish, and
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it refuses to eat scallops. The amount of feed consumed by the ray depends on many
factors--size of the animal, quality of feed, temperature of water, individual dis-
tinctions, etc, Elimination of visual reception does not affect the feeding be-
havior of these animals, The hypothesis is expounded that triggering of food-
searching reactions is a function of olfaction. There are 2 tables; bibliography
lists 23 items.

UDC: 612.327
MOTOR AND BIOELECTRICAL ACTIVITY OF THE GADUS MORHUA (L.) COD STOMACH
- [Abstract of article by I. A, Shparkovskiy]

[Text] Chronic experiments were conducted to study motor and bioelectrical activity
of the cod stomach, The background distinctions of peristalsis and electric acti-
vity of smooth gastric muscles were established. Elements of periodic function
of the empty stomach were demonstrated, which are manifested differently in the
cardiac and pyloric parts of the stomach. In satiated fish, there was a reduction
of amplitude of oscillation of gastric muscle potentials, without appreciable
change in frequency. Stimulation of external chemical receptors with food ex-—
tracts inhibited peristalsis, Bilateral vagotomy elicited brief (3-6 days) im-
pairment of motor and bioelectrical activity of the stomach, It is assumed that,
along with autonomic peripheral neuromuscular mechanisms, there are central

mecl anisms involved in regulating functional activity of the stomach. There are

5 1llustrations; bibliography lists 46 items.

UDC: 591,185.3+591.58
CHEMICAL SIGNALING AND BEHAVIOR OF FISH
. [Abstract of article by I. A. Shparkovskiy]

[Text] This survey deals with the role of chemoreception in the behavior of
fresh~water, migratory and salt-water fish. There is a description of morphology
of olfactory, gustatory and general chemical analyzers in fish referable to
different ecological conditions. Data are submitted from electrophysiological and
other studies related to testing of the effects of natural and synthetic chemical
reagents on functional activity of chemical analyzer systems (salt, acid, carbo-
hydrate, alcohol, fragrant substances, peptides, amino acids and others). Ques-
tions related to the significance of chemoreception in different forms of fish
behavior are discussed (during migration, homing, spawning, feeding, group and
defense behavior, and interspecies relations). Bibliography lists 226 items.

UnC: 597.56+578.083

METHODS OF STUDYING NONOLFACTORY CHEMORECEPTION IN SALT~WATER FiSH
- [Abstract of article by T. D. Pavlov]

[Text] A bench is proposed, which is made of materials (plexiglas, polyvinyl

chloride plastic), which are chemically resistant to salt water and are designed

for electrophysiological studies of salt- and fresh-water fish. Illustrations

_ and a description of operation of the device are furnished. A method was developed
for local stimulation of chemoreceptors of the intact abdominal fin of the cod
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in an experimental tank with water. A device is described for controlling the
temperature and dosage of chemical stimuli., There are 4 illustrations; bibliography
lists 68 items.

UDC: 597.56:591.18.3

EVOKED ACTIVITY OF THE COD'S MEDULLA OBLONGATA NEURONS BY STIMULATION OF
CHEMORECEPTORS

[Abstract of article by I. D. Pavlov]

[Text] The electrophysiological method was used to demonstrate that stimulation
of the cod's chemoreceptors with very salty water, distilled water, mild solutions
of citric and hydrochloric acids intensifies impulse activity of neurons in the
lateral segment of the vagal part of the medulla, Groups of neurons were demon-
strated that react selectively to the stimuli used. It was shown that there is
prevalence of "salt" neurons over "acid" ones. There are 2 illustrations; biblio-
graphy lists 35 items.

COPYRIGHT: Izdatel'stvo "Nauka", 1980
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UDC: 588,4+4577,1+001.5(07)

METHODS OF MATHEMATICAL BIOLOGY. BOOK l: GENERAL METHODS FOR ANALYSIS OF
BIOLOGICAL SYSTEMS

Kiev METODY MATEMATICHESKOY BIOLOGII. KNIGA 1: OBSHCHIYE METODY ANALIZA
BIOLOGICHESKIKH SISTEM in Russian, 1980 pp 4-12

[Annotation, foreword by editor-in-chief, introduction and table of contents

from book "Methods of Mathematical Biology. Book l: General Methods for Analysis
of Biological Systems" edited by Academician V. M. Glushkov, Izdatel'styo
"Vishcha shkola'", 240 pages]

- [Text] This is a systematization of analysis of biological systems, methods of ex~
perimental and theoretical studies thereof. The principles of function of biological
systems expounded by mathematicians and cyberneticists are discussed. In presenting
the methods for experimental studies of biological systems, attention was focused
mainly on the methods used to synthesize mathematical models; in the discussion of
methods of theoretical research on biological systems it was focused on the method
of mathematical modeling and applied significance of mathematical models of
biological systems.

This book is an educational aid for the courses on "Biological Cybernetics,"
"Bionics," "Medical Cybernetics," '"Mathematical Modeling of Biological Systems"

and "Biophysics" for students at universities, medical and pedagogic institutes and
institutes of physical culture; it may be useful to scientists concerned with
problems of mathematical blology.

- There are 89 illustrations and 4 tables; ‘bibliography lists 116 items.
Foreword by Editor-in-Chief [V. M. Glushkov]

Biological systems have such a wide assortment of properties, distinctive combina-
tions thereof, while the function of biological systems is governed by so many
different principles that virtually all mathematical methods are used to study

them, and the present stage of development of biological and medical sciences is
characterized by increasing use of mathematics, In the last 20 years, much

material has been accumulated on mathematical models of different biological systems;
we have become aware of the need to compare the mathematical methods used to the
complexity of the biosystems studied and to the applied problems that are being
solved on the basis of mathematical models of biosystems.

Thus, it can be considered that, at the present time, a new scientific direction,

a new scilentific discipline is being formed--mathematical biology. This is also
indicated by the fact that the Academic Press (New York, London) published the
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"pundamentals of Mathematical Biology" in three volumes, in 1972. The editor of
this publication and one of its main authors, R. Rosen, states in his foreword

that "mathematical biology is a subject which is in the process of active develop-
ment" and that the "relevant [meaningful] text of mathematical biology must contain
a sense of overt incompleteness of this branch of research, in addition to the
specific results." Aside from the obvious postulation of the infinite nature of
the scientific search for "absolute truth," this statement also reflects the ob-
jective situation that has developed at the present time with the use of mathema-
tical methods for analysis of biological systems. For example, there are numerous
mathematical models of the heart or neuron. However, by far not every author dis-
cusses the range of application of his model, which properties this model reflects
and which ones it does not, which applied problems the model makes it possible to
resolve. Such a situation is typical of any branch of biology and medicine. For
this reason, it is difficult to state at the present time that a specific model
best reflects the circumscribed aggregate of properties of a biosystem under

study or that it makes it possible to adequately solve a certain applied problem.
This is why the "Fundamentals of Mathematical Biology" represent nothing more than
collections of articles brilliantly written by a group of well-known specialists in
mathematical investigation of various biosystems, Each of the authors, develops

in his field, be it kinetics of enzymes or quantum genetics, his own mathematical
models.

The situation that has developed today in mathematical biology determined the
route that would be best to follow-~the route of systematization of various mathe-
matical methods that have found applications in studies of various biological sys-
tems and solving various applied problems. This was also aided by the following
two circumstances. In 1974, the "Encyclopedia of Cybernetics" in two volumes was
published, with the active involvement of the Institute of Cybernetics, Ukrainian
Academy of Sciences, and it contains articles on biological and medical cybermetics.
i In spite of the fact that many of them are comprehensive, they are essentially
- informative. But for such a developing branch as mathematical biology, there has
long been a need for a guide of mathematical methods. The few monographs published
in the Soviet Union and abroad do not meet this need. Thus, the need to publish
the "Methods of Mathematical Biology" series is obvious; in our opinion, it should
combine the best qualities of a scientific reference book and make use, as much
as possible, of information given in it for theoretical research and solving
applied problems, an encyclopedia in breadth of coverage, and an educational
aid in intelligibility of presentation.

The second circumstance that compelled us to undertake the writing and publication
of the "methods" is as follows. We are still far from a real, well-established
textbook theory of biological systems, whereas it 1is imperative to resolve even
now the applied problems related to medicime. This is why the Institute of
Cybernetics, Ukrainian Academy of Sciences, is already taking vigorous steps to
create a bank of biological and medical data. A bank with such data is the

first and necessary prerequisite for creating a medical information system. At
the same time, a data bank is a mandatory prerequisite for creating automated con-
trol systems in public health. We believe that the next mandatory condition for
synthesis of such automated control systems is to create a bank of mathematical
methods. It is expressly here that we view the applied value of the "Methods of
Mathematical Biology." Let us also note that the complexity of problems of
mathematical biology is no lower than most technological ones, and for this

reason this work also furnishes a systematic presentation of mathematical

methods and examples of their use for engineering [technological] applications.
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This work, which was performed at the initiative of the Institute of Cybernetics,
_ Ukrainian Academy of Sciences, is the collective labor of prominent specialists
of the Soviet Union in the area of biological and medical cybernetics.

Introduction

Biological investigations constitute one-third of current scientific research.
Accordingly, more than one-third of the scientists of the world are engaged in
analysis of biological systems and solving applied problems of biology and medicine.
Such distribution of scientific research is attributable to the complexity of bio-
logical systems, blological and medical problems, as well as the vital need to

solve these problems for mankind. In recent times, the results of biological studies
are becoming more and more often the basis for solving problems in traditionally
technical scientific directions: automation, development of computer technology,
design of intelligent robots, ‘

Solving these problems implies integration of experimental and theoretical studies

of biological and medical systems, as well as increasingly broader use in such
studies of mathematical methods., Mathematics is a universal language for describ-
ing any process or phenomenon. Because of their abstract nature, the same mathemati-
cal methods are found to be suitable for studying processes differing in physico-
chemistry,

It would be wrong to believe that mathematics began to be used only in the last 15~
20 years for description of the function of biological systems; it had been used
already at the early stages of studies of living organisms (suffice it to mention
the mathematical study of the circulatory system, which L. Euler conducted as

far back as the 18th century).

The use of some mathematical method or other for analysis of biological systems
depends on the experimental data that the researcher has and the goals he sets for
himself., This, in turn, is related to the level of knowledge gained from studies
of biological systems, possibilities and resources for experimental studies of
biosystems, knowledge of mathematics and software for problem solving. The mathe-
matical description of biological systems and processes is being refined as the
level of biological knowledge increases., This is not a simple process; mathemati-
cal description may become more complicated at certain stages of a study, then
become simpler.

At the early stages of using mathematical methods for describing biological systems,
any mathematical formula acquired the importance of a biological law by . virtue
of its terseness. At the present time, the situation has changed in the area of
application of mathematical methods for analysis of biosystems. When constructing
a mathematical description of some specific biosystem, researchers are beginning to
- realize that they are not covering the entire set of properties of the biosystem
and exogenous conditions. For this reason, one no longer refers to mathematical
laws, but to mathematical models of blosystems. Each time, the researcher men-
tions the properties of a biosystem that he is reproducing in the mathematical model,
and he delineates the range of problems, for the solution of which the model is
intended. This circumstance is related to the fact that we have deeper knowledge
about the function of biosystems, greater opportunities for experimental studies
thereof and more detailed problems that are formulated in experimental studies.
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Until recently, progress in biology was linked mainly with the use of the methods
of chemistry and physics to analyze bilosystems, but the main idea permeating

all of the volumes is related to substantiation of the applicability to biology
of the principles and laws inherent in physical systems.

In the last 15-20 years, it was determined by development of cybernetics. The

very appearance of cybernetics is to be credited to deeper studies of engineering
and biological systems from the standpoint of general control processes [34, 49],
processes of transformation of information [55], studies of complexity and organiza-
tion., The inception of cybernetics as a science is linked with the names of many
Soviet scientists, among whom A. N. Kolmogorov occupies a special place [73]. We
owe the development of cybernetics in the USSR with delineation of different

applied directions, to the efforts of A. I. Berg, V. M. Glushkov, N, M. Amosov