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Part 1.
Lesson I. The History of Genetics

In this chapter, you will:

The History

GENETICS

learn about the origins of ﬁ“ @’;“

genetics and its brief history;

= O e —

define the scope of the

science of genetics;

determine the terms and the dates associated with

Genetics;

comment on such notions as “Mendelian genetics”, the
“Mendelian method”, “Mendel’s laws”;

gain insight into the mechanism of molecular biology,
which has never stopped revealing the complexity of the
way in which hereditary material functions.

Learn the following key terms and names:

allele (n) individual (n)
cross (n) segregate (V)
gene (n) segregation (n)
genetic (adj) rediscover (v)
genotype (n) reproduce (V)
heredity (adj) reproduction (n)
homozygote (n) peas (n) —pl.
heterozygote (n) species (n)
hybridization (n) variety (n)




Reading
A. Read the text once and answer the questions:

1. Where are the origins of genetics to be found?

2. When was the term ‘“genetics” coined? What did it
designate?

3. Could you comment on such notions as “Mendelian

genetics”, the “Mendelian method”, “Mendel’s laws™?

What was the material basis of heredity?

When was genetics born?

6. What world-famous scientists rediscovered Mendel's
laws?

v e

7. What contribution to genetics did each previously
mentioned scientist make?

The origins of genetics are to be found in Gregor Mendel’s
memoir on plant hybridization (1865). However, the word
‘genetics’ was only coined in 1906, to designate the new science
of heredity. Founded upon the Mendelian method for analyzing
the products of crosses, this science is distinguished by its explicit
purpose of being a general ‘science of heredity’ and by the
introduction of totally new biological concepts (in particular those
of gene, genotype, and phenotype). In the 1910s, Mendelian
genetics fused with the chromosomal theory of inheritance, giving
rise to what is still called ‘classical genetics’. Within this
framework, the gene is simultaneously a unit of function and
transmission, a unit of recombination, and of mutation. Until the
early 1950s, these concepts of the gene coincided. But when
DNA was found to be the material basis of inheritance, this
congruence dissolved. Then began the venture of molecular
biology, which has never stopped revealing the complexity of the
way in which hereditary material functions.
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In a letter to his
colleague Adam
Sedgwick in
1905, the English
biologist William
Bateson (1861-
1926) used the
word 'genetics' to
designate 'the

science of
heredity and variation'. Bateson was then known as one of the
major Mendelians in the world, and proposed using the word
'genetics' to name the chair that was created for him at Cambridge
in 1906. In the end, Bateson's chair was named chair of biology
but on the occasion of the third International Conference on Plant
hybridization, Bateson proposed that the new science of heredity
based on Mendel's laws be named "genetics'. This proposal was
enthusiastically approved at the 1906 Conference, and was
published in 1907 as 'Report of the Third International
Conference 1906 on Genetics'. This periodical meeting still
exists. In spite of deep theoretical changes, some of which are
described hereafter, the scientific discipline of genetics has
maintained itself.

Origins of genetics: from Mendel to Mendelism

When was genetics born? Was it in 1866, year of the publication
of Mendel’s memoir on plant hybridization? Or in 1900, when
three botanists, Hugo de Vries in the Netherlands, Carl Correns in
Germany, and Erich von Tschermak in Austria, independently
rediscovered Mendel’s laws? Or in 1902 when Bateson's book, 4
Defence of Mendel’s Principles of Heredity, explicitly connected
Mendel's laws with the general question of ‘heredity’. Or in 1906,

7



History of benetics

when Bateson first made
public use of the word
with reference to
Mendel? There cannot be
a definitive answer to this

Mendel's
work on

question.

experimental
peas was crucial, but only
in a methodological
sense. Mendel's intention
was not to offer general
laws of heredity, but only

a ‘law of the development of hybrids' in plants; furthermore,
Mendel's memoir remained largely unknown until 1900, when his
‘laws’ (plural instead of singular) were rediscovered. This
rediscovery would also be an ambiguous date of birth for
genetics, because those who rediscovered it did not intend to
propose general laws of heredity either, but only of hybridization.

Bateson's 1902 book was certainly a key event, because it showed

that Mendel's first law (the law of segregation applying to just

&/ [or Allelomorphs]

one character)
applied not only
to plants but also
to animals.
Bateson also
defended that the
Mendelian  laws
of hybridization
did not apply only
to the results of

The two [or more] alternate

forms of a gene [or factor]

are called alleles of each
other. They occupy identical
loci [positions] on

homologous chromosomes

crosses between individuals of distinct varieties or species, but to

a huge number of individual hereditary differences among

virtually all sexually reproducing organisms. This book also

8



introduced a technical vocabulary that rapidly became
indispensable for all Mendelians: ‘allelomorph’ (or, more simply.
'allele’), ‘homozygote’ and the ‘heterozygote’; these terms imply
that for a given character transmitted in a Mendelian way, each
individual has two (and exactly two) physical versions of the
same hereditary element - an idea that Mendel did not suggest.

(Source: Ananya Mandal, History of Genetics URL:
https://www.news-medical.net/life-sciences/History-of-

Genetics.aspx )

B. Read the text again. Mark the sentences T (true) or F (false).
Correct the false ones:

1. The origins of genetics are to be found in the works
written by Carl Linneus.

2. In the 1920s, Mendelian genetics fused with the
chromosomal theory of inheritance, giving rise to what is
still called “classical genetics.”

3. When DNA was found, it served the material basis of
inheritance.

4. The English biologist William Bateson (1861-1926) used
the word “genetics” to designate “ the science of heredity
and variation”.

5. In 1907, the three botanists from various countries
independently rediscovered Mendel's laws.

6. In his book (1902) Bateson did not manage to show that
Mendel's ideas applied to a huge number of individual
differences among virtually all sexually reproducing
organisms.

7. Genetics as a scientific discipline was the result of a
complex intellectual history.

C. Make a summary of the text:
9



Making a summary

. A summary begins with an introductory sentence that

states the article's title and author.

A summary must contain the main thesis restated in
your own words. (To do this, first find the thesis
statement in the original text.)

A summary is written in your own words. It contains
few or no quotes.

A summary is always shorter than the original text,
often about 1/3 as long as the original.

A summary should contain all the major points of the
original text, and should ignore most of the fine details,
examples, illustrations or explanations.

The backbone of any summary is formed by crucial
details (key names, dates, events, words and numbers).

A summary must contain only the ideas of the original
text. Do not insert any of your own opinions,
interpretations, deductions or comments into a summary.

Useful language

Introduction:
1. The primary purpose of the paper is...
2. The paper (article) begins with a short discussion...
3. The first paragraph deals with...
4. At first (at the beginning) the author points out that
(describes, notes, emphasizes) ...
5. To begin with; Firstly; In the first place...
6. Research began with...
Main Body:
1. Then follows a discussion on ...
2. The next (following) paragraph deals with ...
3. Then the author goes on to the problem of...
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4. After discussing... the author turns to...

5. Next (further, then) the author explains that...

6. It must be emphasized that...; It should be noted that... It
is interesting to note that...

7. The final paragraph states (describes, ends with) ...

Conclusions:

1. The author concludes with the statement that

(summarizes)...

2. To sum up (to summarize, to conclude; to make (draw) a

conclusion).

Talking points
Discuss in small groups:

1. Trajectories of
genetics, 150 years after
Mendel.

2. The rediscovery of
genetics. Mendel's theories
and the concepts of the other
scientists.

3. The result of Mendel's research used to improve the way
we live.

Writing

Write an essay about the results of Mendel's research and a huge
impact of genetic theory on our lives.
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Lesson 11

«..v

The Evolution of Epigenetics: From Prokaryotes to Humans
and Its Biological Consequences
In this chapter, you will:
e learn about the mechanism of gene selection and epigenetics;

e determine the terms associated with the evolution of
epigenetics;

o (differentiate the mechanism between prokaryotes and
eukaryotes;

e see a significant role of epigenetics in the process of
embryogenesis;

e provide a comparative analysis on the above-mentioned
aspects.

Learn the following terms and names:

alter (v) obesity (n)
alteration (n) protein (n)
acetylation (n) prokaryotes (n)
eukaryotes (n) stroma (n)
epigenetics (n) tumour (n)
carcinogen (n) reversibility (n)

12



chromosome (n) reversible (adj.)

alteration (n) consequently (adv.)
cell (n) result in (V)
cellular (adj.) lead to (v)

extracellular (adj.) | thus (adv.)

mitosis (n)

Reading

A. Read the text once and answer the questions:

1.
2.
3.

What factors does the evolution process include?
What was the result of the evolutionary development?
Epigenetics plays a significant role in the conserved process of

embryogenesis and human development, doesn’t it?

. What is the essence of epigenetics?

5. Does the external world have a significant impact on cellular

regulation? How can its impact be expressed?

. May natural selection act on this chain of events and thus

influence evolution?

. What is tumour initiation associated with?

. Can you comment upon the tittle of the article concerned?

13



The evolution process includes genetic alterations that started
with prokaryotes and now continues in humans. A distinct
difference between prokaryotic chromosomes and eukaryotic
chromosomes involves histones. As evolution progressed,
genetic alterations accumulated and a mechanism for gene
selection developed. It was as if nature was experimenting to
optimally utilize the gene pool without changing individual gene
sequences. This mechanism is called epigenetics, as it is above
the genome. Curiously, the mechanism of epigenetic regulation in
prokaryotes is strikingly different from that in eukaryotes, mainly
higher eukaryotes, like mammals. In fact, epigenetics plays a
significant role in the conserved process of embryogenesis and
human development. Malfunction of epigenetic regulation results
in many types of undesirable effects, including cardiovascular
disease, metabolic disorders, autoimmune diseases, and cancer.
This review provides a comparative analysis and new insights

into these aspects.

What is Epigenetics? Epigenetics is a mechanism of gene
transcription regulation that does not change the DNA sequence
and is usually reversible. The reversibility of this phenomenon
provides the opportunity for these cells to utilize the existing gene
pool in different ways, as necessary, without permanently altering
the content of the gene pool. During the course of development,

from prokaryotes to mammals, a mechanism arose by which

14
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specific functions in terms of the regulation of gene expression
could be performed. Thus, the epigenetic alterations are
somewhat different in varying cell types and cells from different
origins. The broad mechanisms by which these changes occur are
methylation-demethylation, acetylation-deacetylation, and other
modifications of histones, and also methylation-demethylation of
specific regions in DNA on a finer scale. These interactions
manipulate the affinity of histone binding and the topology of the
DNA that winds around them. Consequently, the transcription of
genes is affected by the ability or inability of proteins to bind to
regulatory regions in open or condensed chromatin, respectively.
Furthermore, the transcriptional regulation by epigenetic

mechanisms is critical in the development in which changes
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determine the differentiation of cells into different cell types with

specific functions.

Epigenetics and the Environment

The external
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regulation. These environmental factors have the potential to
directly alter the DNA sequence, and they can also induce DNA
methylation and histone modifications. Thus, exposure to
particular environments has the potential to shift cellular
equilibrium and create a microenvironment that is suitable for
tumorigenesis or the development of other debilitating diseases. It
has been shown that the activity of enzymes regulating the
structure and activity of chromosomes is sensitive to
environmental changes; thus, environmental agents may alter
gene expression. This may result in widespread changes in cells

that can propagate throughout the body by mitosis and evolve into
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a heritable epigenetic change. Natural selection may act on this

chain of events and thus influence evolution.

A common example of the epigenetic impact of the environment
and the related health outcomes is lead exposure and its
consequences. Recent studies suggest that lead exposure in
children can change DNA methylation, histone modification, and
miRNA expression, which may result in neurodegenerative
diseases in adult life. Similarly, it is well known that carcinogen
exposure can cause direct DNA damage and lead to cancer.
However, carcinogens can also influence the microenvironment
through epigenetic effects on epithelial cells, stromal cells,
extracellular matrix constituents, and immune cells, resulting in
tumour development. Tumour initiation is associated with the
recruitment of these components as well as the production of
cytokines. It has been shown that, carcinogen exposure can result
in gene methylation changes in stromal cells, resulting in breast
prostate and some squamous cell carcinomas. In addition,
exposure to nongenotoxic agents has been found to lead to
methylome changes in the supporting cellular stroma. As an
example, exposure to low-level benzene has been linked to both
hypomethylation and hypermethylation of the pl5 tumour
suppressor gene promoter element in myeloid leukemia.

Perhaps more surprisingly, epigenetic changes can result from the
influence of nutrients and bioactive food components. These

changes include DNA methylation and histone modifications.
17



One study suggests that nutrition affects the aging process and
cancer development, as well as adult obesity and the development
of diabetes by these kinds of epigenetic changes.

Thus, the evolution of epigenetics is characterized by the shift of
epigenetic regulation of prokaryotes, to lower eukaryotes to
higher eukaryotes, to humans.

(Source: Amber Willbanks, Meghan Leary, Molly Greenshields,
Camila Tyminski. The Evolution of Epigenetics: From
Prokaryotes to Humans and its Biological Consequences.

Genetics & Epigenetics. — USA, 2016. — pp. 25-26.)

B. Look at highlighted words and phrases. Try to work out their
meaning. Then match them to 1-10.

1. An organized package of DNA found in the nucleus of the cell;
2. The animals (humans, dogs, lions, wolves);

3. The results or effects of something;

4. An accurate and deep understanding;

5. Make (something, especially something bad) happen;

6. To propose; to put forward a plan or idea for someone to think
about;

7. A component part of something;

8. The state of having no protection from something harmful;

9. To cause a particular situation to happen;

10. The state of being grossly fat or overweight;

18



C. Make a summary of the text

Talking points

Discuss in small groups:

1. The concept of epigenetics and its interpretation.

2. The origin of the term and its brief history.

3. The examples of the application(s) of epigenetics.

Writing

Write an essay about the evolution of Epigenetics.

19



Lesson 111

MELATONIN

melatonin;

Melatonin: a potential
regulator of plant growth
and development

In this chapter, you will:

) learn about the recent

research done with regard to

e review the recent advancements in melatonin research in

plants;

e determine the terms associated with melatonin study;

¢ highlight the history of melatonin and its areas and directions

of future research;

e comment on the potential for melatonin and serotonin to act

as regulators of plant developmental responses.

Learn the following terms, words and expressions:

acetic acid (adj +n)

pineal gland (adj +n)

antioxidant (n)

protein (n)

alga (n) — algae (n, pl.) | physiology (n)
auxin (n) physiological (n)
dinoflagellate (n) physiological (adj.)

organogenesis (n)

receptor (n)

metabolism (n)

response (n)

metabolic (adj)

tryptophan (n)

modulation (n)

20



Reading

A. Read the text and answer the questions:

1. What has recent research relating to melatonin reported?

2. How is melatonin synthesized?

3. In what species is melatonin present?

4. Is melatonin an effective free radical scavenger and
antioxidant?

5. What does the current review of melatonin examine?

6. Are there any promising results and exciting directions in
the study of melatonin?

7. What could future areas of research into melatonin
include?

Recent research has reported the presence of melatonin (N-
acetyl-5-methoxytryptamine), a mammalian indole amine neuro
hormone, in higher plants, indicating that melatonin may be an
important metabolic regulator that has been highly conserved
across biological kingdoms. Melatonin is synthesized from
tryptophan in the mammalian pineal gland, and a similar
biosynthetic pathway was recently described in St. John's wort
shoot tissues, wherein radiolabel from tryptophan was recovered
in serotonin and melatonin as well as indole acetic acid. There is
growing information describing melatonin control of
physiological processes in mammals, yeast, and bacteria,

including diurnal responses, detoxification of free radicals, and
21



environmental adaptations. However, at the current time, there is
no known specific role for melatonin in plant physiology.
Alterations in melatonin concentrations in plant tissues have been
shown to affect root development, mitosis, and mitotic spindle
formation. The recent advancements in melatonin research in
plants and some directions for important areas of future research

are reviewed in this article.
MELATONIN: A HISTORY

Melatonin (N-acetyl-5-methoxytryptamine) is synthesized in the
pineal gland of mammals, and the circulation of micro-quantities
of the hormone regulate the most basic physiological processes.
Melatonin has only recently been identified and quantified in
higher plant species and these results support the hypothesis that
melatonin is a ubiquitous, highly conserved molecule. There are
currently more than 5700 reports of the presence of melatonin in
diverse species ranging from mammals, insects, planarians,
mollusks, dinoflagellates, and algae to grains, vegetables, and
medicinal plants used in the treatment of neurological disorders.
In mammals, melatonin influences physiological responses that

include sleep rhythm disorders, geriatric insomnia, jet lag,

22



epilepsy, seasonal affective disorder, pain, gastric ulcers, cancer,
body temperature, reproduction, and migraine headaches. The
function of reproductive systems in photoperiodically dependent
rodents is largely controlled by the release of melatonin from the
pineal gland. In addition, melatonin is an effective free radical

scavenger and antioxidant. Recently, plant melatonin was shown

H,C—O0 Melatonin

Retlno
) hypothalamic
i tract

to modulate de novo root and shoot organogenesis in St. John's
wort (Hypericum perforatum L.). The current review examines
the reports of melatonin in higher plants and the potential for
future investigations in this area to the oscillations of the
complementary metabolite serotonin. Serotonin also stimulates
phosphoinositide (PI) turnover, releasing second messengers in

plant and animal systems.

Although research into the role of melatonin in plant metabolism

is in its infancy, there are promising results and exciting new

23



directions to be pursued.

Gibberellins

OH
Brassinosteroids \
g Y, &— Abscis

‘\
& NAuxins
-

The evidence seems to indicate that melatonin may provide a dark
signaling mechanism in higher plants similar to the role of the
hormone in other systems. In this case, melatonin would play an
integral part in plant responses to alterations in light level or
duration of dark periods. Preliminary evidence of this potential
was seen in the modulation of root organogenesis in St. John's
wort (Mureh- et al.,, 200 P). In addition, the potential for
melatonin to act as an antioxidant to maintain cellular stability
may provide an important mechanism for the survival of many
plant species. Therefore, the potential for melatonin and serotonin
to act as regulators of plant developmental responses is enormous
and new research should be initiated in this area. Future areas of

research could include a reinvestigation of classic phytohormone-
24



regulated systems for short-term and long-term responses,
identification of receptors and melatonin binding proteins that
could be used to impair melatonin metabolism in plant model
systems, and the interaction of melatonin with other growth
regulators, including auxin.

(Source: Susan J. Murch; Praveen K. Saxena. Melatonin: A
potential regulator of plant growth and development. November
2002, Volume 38, Issue 6, pp 531-536)

B. Match the words with the definitions.

1) Tissue b. a cell or organ in the body which
produces chemical substances which the

body needs in order to function

2) Reproduction d. N — acetyl -5 — methoxytryptamine
synthesized in the pineal gland of
mammals which helps to regulate most

physiological processes.

3) Hormone f. the way by which chemical processes
in your body cause food to be used in an

efficient way producing energy.

4) Cancer a. a chemical usually occurring naturally
in our body that stimulates its certain

processes.

5) A gland g. a fundamental property of a living
system to give rise to organisms of the

same kind.

25




6) Metabolism c. a group of similar cells in plants and

animals performing the same function.

7) Melatonin e. an animal such as a human being , a

dog, a lion, and a whale.

8) A mammal h. a serious disease in which cells in a

person’s body increase rapidly in an
uncontrolled way, producing abnormal

groups.

C. Make a summary of the text

Talking points

Discuss in small groups:

1.
2.
3.

Recent research into melatonin.

The properties and the functions of melatonin.
Melatonin as a potential regulator of plant growth and
development.

The potential of melatonin for future research in this

arca.
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Lesson IV

Polymerase Chain
Reaction: Types,
Utilities and
Limitations

ahwitterstick Lo - 1 F4SMAST

In this chapter, you will:

e learn about advances and applications of research in
biochemistry and genetics in the field of health sciences;

e determine the terms and abbreviations associated with the
Polymerase Chain Reaction (PCR);

e highlight the use of the PCR among the applications of
molecular techniques;

e see the mechanisms involved in this methodology;

e discuss the advantages which the PCR technique offers
nowadays.

Learn the following terms:

agent (n) technique (n)

amplify (v) virus (n)

amplification (n) specificity (n)

culture (n) Polymerase Chain Reaction
(PCR)

enzyme (n) DNA - deoxyribonucleic acid
(AHK)

isolation (n) RNA - ribonucleic acid
(PHK)

medium(n) — media (pl) | sequence (n)

primer (n)
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Reading
A. Read the text once and answer the questions:

1. What can you say about the recent advances and applications
of research in biochemistry and genetics?

What does molecular technology deal with?
What is the Polymerase Chain Reaction (PCR)?
Who developed this technique?

A

Can you describe the mechanisms involved in this
methodology?

6. What advantages does the PCR technique offer?
Types, utilities and limitations of PCR

Nowadays, advances and applications of research in
biochemistry and genetics play an important role in the field of
health sciences. The molecular approach to the disease has
become necessary for a better interpretation of processes and as
horizon in the development of new diagnostic and therapeutic
strategies. Therefore, techniques in molecular biology have
modified diagnosis, prevention and control of diseases in living
beings. Molecular technology has become a crucial tool for
identifying new genes with importance in medicine, agriculture,
animal production and health, environment and the industry
related to these areas. Among the applications of molecular
techniques, it is important to highlight the use of the Polymerase
Chain Reaction (PCR) in the identification and characterization of

viral, bacterial, parasitic and fungal agents. This technique was
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developed by Kary Mullis in the mid 80's and since then it has
been considered as an essential tool in molecular biology which
allows amplification of nucleic acid sequences (DNA and RNA)
through repetitive cycles in vitro. The mechanisms involved in
this methodology are similar to those occurring in vivo during
DNA replication. Each cycle in Kary Mullis’ technique has three
temperature patterns carried out by a thermocycler. The first
pattern of temperature is 94 °C (denaturation), the second

one is 45-55°C

Polymerase chain reaction - PCR

original DNA ; ”u!
to be replicated 5 . 5 "
» e m"ml’ * mlrmlll3 &
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L}
DNA primer ¥ 5 ¥ 5
n i
Lhbdia
) Denaturation a1 94-96°C

€ Annealing at —68°C
€} Elongation atca 72°C

(alignment of the specific primers) and the third one is 72 °C
(final extension). The amplification of specific nucleic acid
sequences, even in the presence of millions of other DNA
molecules, is achieved by thermostable DNA polymerase enzyme
(as the name of this technique suggests: “polymerase chain
reaction”) and specific primers. Primers are short sequences of

DNA or RNA (oligonucleotides) that initiate DNA synthesis.
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These are complementary to the template strand of DNA. The
total duration of PCR reaction is around two hours; this depends
on the specific conditions of the reaction. Therefore, the DNA
polymerase enzyme is capable of producing a complementary
strand of a template DNA. The synthesized product in each cycle
can serve as a template in the next issue of copies of DNA,
creating a chain reaction that can amplify a specific fragment of

DNA.

PCR is a relatively simple technique that can detect a nucleic acid
fragment and amplify this sequence. In addition, this technique
has other advantages that are described below. This technique
offers sensitivity because from small amounts of genetic material
can be detected target sequences in a sample. Also this offers
specificity due to a specific sequence of DNA being amplified
through strict conditions. It is considered a fast technique
compared with other methods to detect microorganisms such as
bacteria, fungus or virus, which require isolation and culture
using culture media or cell lines. Finally, we can mention that
versatility due to the genetic sequences from various
microorganisms can be identified with the same reaction

conditions for diagnosis of different pathologies.

In recent years, modifications or variants have been developed

from the basic PCR method to improve performance and
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specificity, and to achieve the amplification of other molecules of

interest in research as RNA.

(Source: P. Hernandez-Rodrigues and A. Gomez Ramirez.
Polymerase Chain Reaction: Types, Utilities and Limitations.
URL: https.//en.wikipedia.org/wiki/Polymerase chain_reaction)

B.

)
2)
3)
4)
5)

6)
7)
8)
9)

Look at highlighted words and phrases. Try to work out
their meaning. Then match them to 1-10.

to fulfill, complete, finish;

the order in which things or events follow one another;
forward movement;

to be connected with one another;

serving to complete; supplying what is needed for
completion;

like or alike; of the same kind;
a manner or method of doing something;
to finish successfully; to gain as the result of action;

to make larger; to increase the strength of something;

10) to keep something from happening or stop (someone) from

doing something.

C. Make a summary of the text

Talking points

Discuss in small groups:

1.

Modern advances and applications of recent research in
biochemistry and genetics.

Present-day techniques used in molecular biology.

The Polymerase Chain Reaction (PCR). What are the
characteristic features of this technique?
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Lesson V

_,INVASIVE
. SPECIES

Invasive Animal
Species in Great
Britain - Alien
Species that
should not be in
the UK

In this chapter, you
will:

e Jlearn about

Reloased ino UK from
1 M - Hert America by Victorions.
invasive or ' _ oo s vt
alien  species R
of animals

causing
problems  in
most of the
countries in the world;

e determine the terms associated with this theme;

e identify some of these invasive animal species which compete
with native animals in Great Britain;

e see the difference(s) between native and invasive animal
species;

e list the problems caused by invasive animal species in the UK
and other countries in the world.

Learn the following terms and names:

adapt (v) invasive (adj)
adaptation (n) habitat (n)
alien (adj) ecosystem (n)
breeding (n) squirrel (n)
conserve (V) spider (n)
conservation (n) scorpion (n)
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Reading

A. Read the text once and answer the questions:

What do we call invasive animal species?
How did they find themselves in the UK?
What kind of problems do they cause there?

b=

Why is culling of invasive species regarded as a contentious
issue?

5. Which kind of squirrel species is bidding to become a
dominant one in Great Britain?

Invasive or alien species of animals are causing problems in most

of the countries in the world. Just because Great Britain is an
island, does not mean that we do not have our fair share of
invasive species. Many of the common invasive animal species in
the United Kingdom were brought here in the eighteenth and
nineteenth century as a part of private menageries or to ornament
the country estate of a nobleman. Inevitably some of these
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animals escaped and managed to set up breeding colonies. In
more modern times, people have started to keep exotic pets and
when they have got fed up with caring of them or they become
too expensive to keep, they release them into the wild. Yet, more
invasive species arrive as stowaways in food imports and
packaging, and there is often a story in the British press about
exotic spider or scorpion being found in an imported bunch of

grapes or bananas.

Some of these invasive animal species have competed with native
animals and driven them out and destroyed plant life and habitat,
while others, up till now, seemed to have caused no damage to the
environment of the British Isles. Culling of invasive species to
keep their numbers down is always a contentious issue. On the
one hand, there is the need to protect Britain's native animal
species, plants, eco-systems, and on the other hand, these animals
are here through no fault of their own and every animal deserves
to be treated humanely and not to be killed in a violent, painful
manner. Conserving the native species of Britain and the British
countryside is an ongoing challenge; but it must be a challenge
where the welfare of any invasive animals is taken into account.
If it is decided that a cull of an invasive species is absolutely
necessary, it needs to be undertaken as humanely and with as

little suffering to the animals involved as possible.
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Grey Squirrels — UK Invasive Species

Grey squirrels are a familiar
sight in the gardens and
parks of the  United
Kingdom. They are very
cute animals and it is very
amusing to watch them, but
it is important to remember

that the grey squirrel is not a

native British species rodent.
Grey squirrels were imported from North America in 1876. They
adapted very successfully to life in the UK and it is estimated that
there are now around 2 million of them living in the British Isles.
They have successfully competed against native red squirrels and
driven them from their habitat, so that they only survive in remote
pockets of the UK. It is estimated that there are only around
120,000 red squirrels left. Grey squirrels also cause a lot of
damage. They gnaw at the bark of trees and damage them and can
also cause a lot of destruction if they manage to get into the roofs
and attics of people’s houses. They are also endangering native
bird species as they get into nests and eat bird's eggs and they

destroy many native plants.

Recently a new squirrel invader from America has appeared in

the United Kingdom in the form of the black squirrel. At first it
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was thought that these black squirrels were genetically mutations
of the local grey squirrel population, but work done by
researchers shows that genetically they are descendants of
American black squirrels that have escaped from zoos. They are
doing to the grey squirrels what the grey squirrels did to red
squirrel, which is successfully competing against them and they
are bidding to become the dominant squirrel species in Great

Britain.
(Source: Wildscreen. UK invasive species fact file.

URL: https://www.arkive.org/uk-invasive-species/)

B. Read the text again and mark the sentences T (true) or

F (false). Correct the false ones.

1. Many of the common invasive animal species in the UK were

brought to the country only in the nineteenth century.

2. Some of these animals did not manage to escape and set up

breeding colonies.

3. In more modern times, people keep exotic pets, take care of

them and never release them in the wild.

4. Every animal deserves to be treated humanely and not to be

killed in a violent, painful manner.

5. Recently a new squirrel invader from Germany has appeared

in the UK in the form of a black squirrel.
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. It is thought that these black squirrels are genetic mutation of

the local grey squirrel population.

. The black squirrels are bidding to become the dominant

squirrel species in Great Britain.

C. Make a summary of the text

Talking points

Discuss in small groups:

1.

The problems caused by invasive animal species in most of

the countries in the world.

Comment upon the title of the text which is called “Invasive
Animal Species in Great Britain - Alien Species that should
not be in the UK”.

Protection and conservation of Britain’s native animal

species.

37



Lesson VI
Photosynthesis

In this chapter,

you will:
e learn about
the process of

photosynthesis that sustains all life on the planet Earth;

determine the terms and abbreviations associated with

photosynthesis;

discuss the basic principles and the biochemical basis of

photosynthesis;

speak about photosynthesis as the ultimate source of all

humankind's food and oxygen;

differentiate between the light and dark reactions of

photosynthesis.

Learn the following terms and names:

aerobic (adj) guard cells (n+n) -pl
chloroplast (n) membrane (n)
compound (n) organelles(n) —pl
carbohydrate (n) stroma (n)

enzyme (n) thylakoid (n)

epidermis (n)

transpiration (n)

fossilize (v)

turgor (n)
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Reading

A. Read the text and answer the questions:

1. How can the term “photosynthesis” be defined?

2. What is this term based on?

3. What do the abbreviations the ATP and NADPH stand for?

4. Photosynthesis is the biochemical process, isn’t it? What are its

peculiarities?
5. What reactions may photosynthesis be split into?

6. How many billion tons of oxygen does photosynthesis

produce?

7. What are the principal organs of photosynthesis in land plants?

Photosynthesis sustains virtually all life on the planet Earth
providing the oxygen we breathe and the food we eat; it forms the
basis of global food chains and meets the majority of humankind's
current energy needs through fossilized photosynthetic fuels. The
process of photosynthesis in plants is based on two reactions that
are carried out by separate parts of the chloroplast. The light
reactions occur in the chloroplast thylakoid membrane and
involve the splitting of water into oxygen, protons and electrons.
The protons and electrons are then transferred through the
thylakoid membrane to create the energy storage molecules
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adenosine triphosphate (ATP) and nicotinomide-adenine
dinucleotide phosphate (NADPH). The ATP and NADPH are
then utilized by the enzymes of the Calvin—Benson cycle (the
dark reactions), which converts CO; into carbohydrate in the
chloroplast stroma. The basic principles of solar energy capture,
energy, electron and proton transfer and the biochemical basis of

carbon fixation are explained and their significance is discussed.

An overview of photosynthesis

Photosynthesis is the ultimate source of all of humankind's food
and oxygen, whereas fossilized photosynthetic fuels provide =
87% of the world's energy. It is the biochemical process that
sustains the biosphere as the basis for the food chain. The oxygen
produced as a by-product of photosynthesis allowed the formation
of the ozone layer, the evolution of aerobic respiration and thus

complex multicellular life.

Oxygenic photosynthesis involves the conversion of water and
CO; into complex organic molecules such as carbohydrates and
oxygen. Photosynthesis may be split into the ‘light’ and ‘dark’
reactions. In the light reactions, water is split using light into
oxygen, protons and electrons, and in the dark reactions, the
protons and electrons are used to reduce CO;to carbohydrate

(given here by the general formula CH,O).
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Water

Photosynthesis converts =~ 200 billion tonnes of CO2 into
complex organic compounds annually and produces ~140 billion
tonnes of oxygen into the atmosphere. By facilitating conversion
of solar energy into chemical energy, photosynthesis acts as the
primary energy input into the global food chain. Nearly all living
organisms use the complex organic compounds derived from
photosynthesis as a source of energy. The breakdown of these
organic compounds occurs via the process of aerobic respiration,
which of course also requires the oxygen produced by

photosynthesis.
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The site of photosynthesis in plants

In land plants, the principal organs of photosynthesis are the
leaves. Leaves have evolved to expose the largest possible area of
green tissue to light, and entry of CO; to the leaf is controlled by
small holes in the lower epidermis called stomata. The size of the
stomatal openings is variable and regulated by a pair of guard
cells, which respond to the turgor pressure (water content) of the
leaf, thus when the leaf is hydrated, the stomata can open to allow
CO; in. In contrast, when water is scarce, the guard cells lose
turgor pressure and close, preventing the escape of water from the

leaf via transpiration.

Inner membrane

Thylaksid Within the green

ti f the leaf
¥ = o issue of the lea
/ i —— (mainly the

mesophyll) each

Quter membrane

cell (= 100 pm in
length) contains ~
100 chloroplasts
(2-3 pm in length), the tiny organelles where photosynthesis
takes place. The chloroplast has a complex structure with two
outer membranes (the envelope), which are colourless and do not
participate in photosynthesis, enclosing an aqueous space (the

stroma) wherein sits a third membrane known as the thylakoid,
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which in turn encloses a single continuous aqueous space called

the lumen.

The light reactions of photosynthesis involve light-driven electron
and proton transfers, which occur in the thylakoid membrane,
whereas the dark reactions involve the fixation of CO; into
carbohydrate, via the Calvin—Benson cycle, which occurs in the
stroma. The light reactions involve electron transfer from water to
NADP" to form NADPH and these reactions are coupled to
proton transfers that lead to the phosphorylation of adenosine
diphosphate (ADP) into ATP. The Calvin—Benson cycle uses
ATP and NADPH to convert CO;into carbohydrates,
regenerating ADP and NADP". The light and dark reactions are

therefore mutually dependent on one another.

(Source: Matthew P. Johnson. Photosynthesis // Essays in
Biochemistry. — 2016. No. 60. - P. 255-273.)

Notes: ATP — adenosine triphosphate

B. Match the words with the definitions

1. Oxygen b. a stratum existing in the upper atmosphere
that protects life on earth by filtering out
harmful ultraviolet radiation from the sun.

2. Carbon e. the substances found in certain kinds of
food (bread, potatoes) that provide you with
energy.

3. Food chain h. the structure where photosynthetic

generation of ATP occurs in algae and plant
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cells.

4. Photosynthesis

a. a chemical substance that is found in living
creatures which produces changes in other
substances without being changed itself.

5. A leaf

f. a series of living things which are linked to
each other because each thing feeds on the
next to it in the series.

6. Ozone layer

i. a chloroplast having an additional complex
internal membranous system.

7. Carbohydrates

c. a colourless gas that exists in large
quantities in the air. All plants and animals
need it.

8. A chloroplast

d. a process in which radiant (light) energy is
absorbed by specialized pigments of a cell
and is subsequently converted to chemical
energy.

9. Thylakoid

g. the common chemical element that
diamonds and coal are made up of.

10. An enzyme

j- a part of a tree or plants that is flat, thin,
and green.

C. Make a summary of the text

Talking points

Discuss in small groups:

1. The great role of photosynthesis on the planet Earth.

2. The process of photosynthesis (the detailed description of it).

3. “Light” and “dark” reactions in photosynthesis.

4. The site of photosynthesis in plants.

44




Lesson VII

A New Concept A
of Vitamins @

In this chapter, - .
you will:

e learn about

the most wide
spread vitamins;

shsttersiock oom - 100270851

identify the structure and classification of vitamins;
e discuss the various scientific approaches to vitamins;

e understand the origin of the term vitamin and the work done
by the Polish-American biochemist Casimir Funk;

e make a general overview of vitamins;

Learn the following key terms and names:

carotene (B + n)

nutrition (n)

bowels (n)

maintenance (n)

coenzyme (n)

overdose (n)

fragility (n) physician (n)
fats (n) — pl. preventive (adj.)
hypothyroidism (n) soluble (adj)
egg yolk (n+n) supplement (n)
healing (n) tissue (n)
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Reading

A.

N

N kW

Read the text once and answer the questions:

. What term gave rise to the word vitamin?

What vitamins do you know? Can you comment upon their
characteristic features?

Can you say a few words about vitamins acting as catalyst?
The vitamins differ in structure, don’t they?

In what way are vitamins classified?

What are the characteristics of vitamin A (retinol)?

What is the quality of life of those people who do not get the
required amounts of vitamins? What is your opinion on the

matter?

Vitamins are essential animal nutritional factors. The word

vitamin was derived from the term “vitamine”, used by Polish-

American biochemist Casimir Funk to describe an amine (organic

base) that was essential to life.

Like most people, we know we
should take vitamins but what
we rarely understand is why.
Again, vitamins from natural
sources are superior to the

synthetic variety.
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When it comes to fear of toxicity it is mainly the fat-soluble
vitamins that need to be taken as directed. Vitamin A group is
best not taken as a supplement as it can lead to complications. It
is better to take it as natural beta-carotene which will be

converted by the body to vitamin A.

Vitamin E can prove to be easily toxic and lead to complications
if taken over a long period, hence vigilance is advised. It is better

to get it from natural sources rather than supplements.

One can be cautious but there is no need to panic because it takes
a lot of vitamins taken in excessive amounts over a long period of
time to get overdosed. It is important to remember that

vitaminosis is a very rare phenomenon.

Fat soluble vitamins can be stored by the body over very long
periods without any adverse effects, and are safely released into

the system as required by the body.

Further, there are some vitamins such as vitamin C which is

virtually impossible to get an overdose of.

The reality is that more people do not get the required amount of

vitamins and consequently lead a poor quality of life.

Vitamins are a group of organic substances that are required in
the diet of humans and animals for normal growth, maintenance
of life, and normal reproduction. Vitamins act as catalysts; very

often, the vitamins themselves are coenzymes. Besides vitamins,
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foods contain — carbohydrates, proteins, fats, minerals, and water

— and other substances necessary for health.

The vitamins differ in structure, and there is no chemical
grouping common to them all. A substance that functions as a
vitamin for one species does not necessarily function as a vitamin

for another species.

Although vitamins were previously seen only as preventives
against the various deficiency diseases, more and more studies
have examined additional health benefits of vitamins. Health
claims that are unsubstantiated by scientific study, however, are
regarded by many health and nutrition experts as fraudulent or
dangerous, and many physicians now question the need for
healthy persons to take multivitamin supplements, because many

foods, such as milk and bread, are fortified with vitamins.

Vitamins were originally classified according to their solubility in
water or fats, and as more and more were discovered they were

also classified alphabetically.

The fat-soluble vitamins are A, D, E, and K; the B complex and C

vitamins are water soluble.

A group of substances that decrease blood capillary fragility,
called the vitamin P group, are no longer considered to be

vitamins.
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Vitamin A (retinol), a fat-soluble lipid, presents a broad class of
organic products found in living systems. Most are insoluble in
water but soluble in non-polar solvents. The definition excludes

the mineral oils and other petroleum products obtained from fossil

material.
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It is either derived directly from animal foods such as liver, egg
yolks, cream, whole milk, cheese or butter or is derived from
beta-carotene, a pigment that occurs in leafy green vegetables and

in yellow fruits and vegetables.

Vitamin A is essential to skeletal growth, normal reproductive
function, and the health of the skin and mucous membranes. It
also boosts immune function and promotes tissue healing. It is
recommended for fighting infections, excessive menstrual
bleeding, peptic ulcer, inflammatory bowel disease, acne, and
hypothyroidism. It is involved with skin, immunity, resistance to
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infection, antioxidant, cancer prevention and also involved with a

host of body functions.

(Source: Christian Nordqvist. Vitamins: What are they and what
do they do?

https.:.//www.medicalnewstoday.com/articles/195878.php)

B.

Read the text again. Mark the sentences T (true) or F

(false). Correct the false ones.

1.

Vitamin A group is the best to take as a supplement as it can't

lead to complications.

. It is better to get Vitamin E from natural sources rather than

supplements.

. You should remember that vitaminosis is a very common

phenomenon.
Vitamins are group of organic substances that are required in
the diet of humans and animals for normal growth,

maintenance of life and normal reproduction.

. There is a chemical grouping common to all the vitamins.

The vitamins A, D, E, K are water-soluble, the B complex and
C vitamins are the fat-soluble vitamins.

Vitamin A is essential to skeletal growth, normal reproductive
function, and the health of the skin and mucous membranes.
Nowadays, a group of substances that decrease blood capillary
fragility, called the vitamin P group, is considered to be

vitamins.
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C. Make a summary of the text

Talking points
Discuss in small groups:

The modern structure and classification of vitamins.
The scientific points of view with regard to vitamins.

Recent studies of vitamins.

L Db =

Vitamin A as an essential to life factor.

CLASSIFICATION OF VITAMINS

1. Vitamin A 1. Vitamin B complex

2. Vitamin D

3. Vitamin E

Fat-soluble vitamins

4. Vitamin K 2. Vitamin C
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Lesson VIII

Pollen Contents of Honey

In this chapter, you will:

e learn about four natural resources required by honeybees
for survival: water, resin, nectar and pollen;

e explain the significance of each of the above-mentioned

natural resources for honeybees;

e determine the terms associated with the study of pollen in

honey;

e present some statistics about honey bees and the production of

honey;
e comment on the incorporation of pollen into honey;

Learn the following key terms and names:

anther (n) maturity (n)
corbicula (n) nectar (n)
evaporation (n) larva (pl — ae) (n)
germination (n) pollen (n)

hive (n) resin (n)
honeycombs (n) wax (n)

tibia (pl — ae) (n)

52



Reading
A. Read the text once and answer the questions:

1. What are four natural resources required for honeybees’
survival?

2. Can you comment on each component which honeybees need?

3. How many flowers must honeybees visit to make one pound
of honey?

4. What does pollen include?

5. Why is a phytocidal acid added to the pollen?

6. What is the scientific name of the honeybee?

There are four natural resources required by honeybees for
survival: water, resin, nectar, and pollen. Water is used to cool the
hive and to dilute the honey fed to the larvae. Resin is utilized to

reinforce the hive, seal off decaying wood, and plug up holes.
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Nectar is the major source of carbohydrates from which
honeybees obtain their energy. Nectar is collected by foraging
worker bees and is carried back to the hive in their honey
stomachs. Upon returning to their hive, the nectar is usually
transferred to hive workers for processing into honey, although it
can be fed directly to the brood or to the adults. Enzymes from
the bee's hypo-pharyngeal glands are added to the nectar in the
bee's crop. These enzymes break down the nectar into simple
forms of sugars, which are easier for the bees to digest. These
enzymes, in addition to the high sugar content, also protect the
stored honey from bacteria. The water in the nectar is then
evaporated off of the worker's tongue. The nectar is placed into
cells and fanned to further reduce water in it. Through this
process, the water content in the nectar is reduced to less than
18%. Once the evaporation process is complete, the nectar is
considered "ripened" and is called honey. The cell is capped with
wax until the honey is needed for feeding to the larvae or the

adults.

Some statistics about honeybees and the production of honey are
important to note. Years of observation and research have
revealed a number of facets about this subject. For example, it is
estimated that to make one pound of honey, honeybees must visit
about two million flowers, fly a total of about 50,000 miles, and

carry about 37,000 loads of nectar back to the hive.
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According to the British
entomologist, Arthur
Thomson, during the main
flower blooming periods it is
common for the bees from a
single hive to visit as many as
250,000 flowers during the
course of a single day. Some
flowers, such as the ones of a

tulip tree (Liriodendron

tulipifera), each produces about a teaspoon of nectar. Other
flowers, such as the ones of white clover (Trifolium repens),

produce only enough nectar to cover 1/20 of a pinhead.

Each worker bee is able to carry a load of nectar equal to one-half
its total weight and during her lifetime one worker will collect
enough nectar to produce about 1/12 of a teaspoon of honey.
During nectar gathering, a honeybee consumes 0,5mg of ripe
honey per kilometer of flight. To produce one liter of surplus
honey the worker bees of a hive will consume eight additional
liters of ripe honey as food. Ripened honey and pollen stored in a
hive are the food sources eaten by the bees. Feeding a bee larva

from the egg to maturity requires about 142 mg of honey.
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Where does the pollen in honey come from?

Pollen is the bee's major source of proteins, fatty substances,
minerals, and vitamins. It is essential growth of larvae and young
adult bees. Honeybees remove pollen from an anther using their
tongue and mandibles. While crawling over flowers, pollen
adheres to their “hairy" legs and body. The honeybee combs
pollen from her head, body, and forward appendages, mixes it
with pollen from her mouth, and transfers it to the corbicula, or
“pollen basket”, on her posterior pair of legs. When “loaded” with

pollen, she will return to her hive. Once at the hive, workers pack

the pollen into the comb. To prevent bacterial growth and delay
pollen germination, a phytocidal acid is added to the pollen comb,
which is referred to as “bee bread” and is ready for later

consumption by the bees.
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Melissopalynology is the study of pollen in honey. For over 100
years the literature pertaining to the study of pollen in honey has
been termed or spelled several ways, including:
mellissopalynology, mellittopalynology, and melittopalynology.
According to Paxton's Botanical Dictionary (1868), both
"melissa" and "melitta” mean "a bee”. The International

Commission for Bee Research uses “mellissopalynology”.

Pollen can be incorporated into the honey produced in a beehive
in a number of ways. When a honeybee lands on a flower in
search of nectar, some of the flower’s pollen is dislodged and
falls into the nectar that is sucked up by the bee and stored in her
stomach. At the same time, other pollen grains often attach
themselves to the hairs, legs, antenna, and even the eyes of
visiting bees. Later, some of the pollen that was sucked into her
stomach with the nectar will be regurgitated with the collected
nectar and deposited into open comb cells of the hive. While still
in the hive the same honeybee might groom her body in an effort
to remove entangled pollen on her hairs. During that process
pollen can fall into open comb cells or the pollen can fall onto
areas of the hive where other bees may track it into regions of the
hive where unripe honey is still exposed in open comb cells.
Some worker bees also collect pollen for the hive. The smooth,
slightly concave, outer surfaces of the hind tibia in worker bees
are fringed with long hairs that curve over the tibia surface to

form a hollow area. This hollow area is called the "pollen basket"
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or orbicular. The worker bees collect pollen with their front and
middle legs and then deposit it in their cubicula. In the process of
depositing collected pollen in special comb cells, some of it can
fall into the hive or into open honeycombs. It is also noted that

occasionally worker bees might add pollen to the nectar they are

transforming into honey.

(Source: Pollen. — URL: https://en.wikipedia.org/wiki/Pollen )

B. Read the text again. Match the beginnings of each sentence

with the endings:

1. Resin is utilized to reinforce
the hive...

d) and fanned to further

reduce water in it.

2. Some flowers, such as the
ones of a tulip tree
(Liriodendron tulipifera)...

¢) water, resin, nectar and

pollen.

3. The nectar is placed into
cells...

g) proteins, fatty substances,

minerals and vitamins.

4. There are four natural
resources required for
honeybee’s survival:

b) seal off decaying wood,
and plug up holes

5. The worker bees collect
pollen with their front and
middle legs

e) each produces about a

teaspoon of nectar.

6. During nectar gathering, ...

a) and then deposit it in their

corbicular

7. Pollen is the bee’s major
source of...

f) a honey bee consumes
0.5mg of ripe honey per
kilometer as food
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C. Make a summary of the text

Talking points:

Discuss in small groups:

1) Four natural resources required by honeybees for survival:

water, resin, nectar and pollen.
2) Some statistics about honeybees and the production of honey.

3) Pollen as the major source of proteins, fatty substances,

minerals and vitamins.

4) The science dealing with the study of pollen in honey.

Table 1. Pollen types in honey samples.

Honey Type Principal Pollen Type (min.%-max.%)
Raspberry Rubus idaeus (49.1-82.3%)
Rape Brassica spp. (50.1-71.1%)
Sunflower Helignthus spp. (46.5-92.1%)
Mint Mentha spp. (46.5-65.1%)
Thyme Thymus spp. (22-45%)
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Lesson IX _
Brain Maps /wotor cortex

i
Frontal lobe

In this chapter

s

you will: { Brocas area’
3 ‘l -"".‘i
e Jearn about ""‘-.IL..;.:-_. g
Temporal lobe
studies of brain k .‘

Cerebellum

maps made by many
scientists;

e determine the terms associated with brain maps;

e compare the results of the early and later brain map models;

e cxamine the peculiarities of the self-organizing map (SOM) as
an automatic data-analysis method;

e evaluate the cognitive possibilities and potentialities of the

human brain;

Learn the following terms and names:

artificial (n) neural (adj)
cognitive (adj) network (n)

feature (v, n) node (n)

function (v, n) sensory (adj)

link (n) stimulus (stimuli) —n
modify (v) mediate (V)
modifiability (n)
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Reading
A. Read the text and answer the questions:

1. What systems of cells are called brain maps?

2. What do the fine structures and feature scales depend on?

3. How were feature sensitive cells formed?

4. Were the early, biologically inspired brain map models
suitable for practical data analysis?

5. What is the neural connectivity responsible for?

6. What cognitive functions does the human brain perform?

The self-organizing map (SOM) is an automatic data-analysis
method. It is widely applied to clustering problems and data
exploration in industry, finance, natural sciences, and linguistics.
The most extensive applications, exemplified in this paper, can be
found in the management of massive textual databases and in
bioinformatics. The SOM is related to the classical vector
quantization (VQ), which is used extensively in digital signal
processing and transmission. Like in VQ, the SOM represents a
distribution of input data items using a finite set of models. In the
SOM, however, these models are automatically associated with
the nodes of a regular (usually two-dimensional) grid in an
orderly fashion such that more similar models become
automatically associated with nodes that are adjacent in the grid,
whereas less similar models are situated farther away from each

other in the grid. This organization, a kind of similarity diagram
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of the models, makes it possible to obtain an insight into the
topographic relationships of data, especially of high-dimensional
data items. If the data items belong to certain predetermined
classes, the models (and the nodes) can be calibrated according to
these classes. An unknown input item is then classified according
to that node, the model of which is most similar with it in some
metric used in the construction of the SOM. A new finding
introduced in this paper is that an input item can even more
accurately be represented by a linear mixture of a few best-
matching models. This becomes possible by a least-squares fitting
procedure where the coefficients in the linear mixture of models

are constrained to nonnegative values.

It has been known for over hundred years that various cortical
areas of the brain are specialized to different modalities of
cognitive functions. However, it was not until, e.g., Mountcastle
as well as Hubel and Wiesel found that certain single neural cells
in the brain respond selectively to some specific sensory stimuli.
These cells often form local assemblies, in which their
topographic location corresponds to some feature value of a
specific stimulus in an orderly fashion. Such systems of cells are

called brain maps.

It was believed first that the brain maps are determined

genetically, like the other
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bodily formations and organizations. Many of these maps, at
least their fine structures and feature scales were found to depend
on sensory experiences and other occurrences. Studies of brain
maps that are strongly modified by experiences have been
reported especially by Merzenich et al. Among some theoretical
biologists in the 1970s, e.g. Grossberg, Nass and Cooper, and
Perez, Glass, and Shlaer, the question arose whether feature-
sensitive cells could be formed also in artificial systems
automatically, by learning (i.e., adaptation to simulated sensory

stimuli).

However, already Malsburg, and later Amari demonstrated that
their topographic order may also ensue from the input data. The
above modeling approaches deserve to be mentioned among the
first successful theoretical proofs of input-driven self-

organization. In them, the emergence of feature-sensitive cells
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was implemented by the so-called competitively learning neural
networks. In a subset of cells, adaptation of the strongest-
activated cells to the input signals made them become tuned to

specific input features or their combinations.

The early, biologically inspired brain map models, however,
were not suitable for practical data analysis. One of their inherent
handicaps was that the resulting maps were partitioned. They
were made up of small patches, between which the ordering
jumped discontinuously and at random, and thus no global order
over the whole map array was achieved. Although such partial
ordering is commonplace in biology, many brain maps that
represent abstract features, such as the tonotopic maps, the color
maps, and the sonar-echo maps as reported in Suga and O’Neill,
Tunturi, and Zeki respectively, are globally organized. Neither
did these models scale up, i.e., they could not be used for large
networks and high signal dimensionalities, in spite of highly

increased computing power.

It is possible to state in retrospection that from the early neural
models of self-organization there was an important factor
missing. It is a control factor or function, the amount of which
depends on local signal activity, but which itself does not
contribute to the signals. Its only purpose is to control the
plasticity (modifiability by the signals) of selected subsets of

neural connections in the network. So, in the neural models, it
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will not be enough to control the activities of the nodes by the
activities of other nodes through the links, i.e., the neural
connections. One needs extra kinds of control factors that mediate
information without mediating the activities. It is generally
known that such information is carried in the neural realms by,

e.g., the chemical messenger molecules.

On the other hand, if the above neural and chemical functions are
taken into account at least in abstract form, it is possible to scale
up the self-organizing systems up to the capacity limits of the

modern computers.

(Source: Teuvo Kohonen. Essentials of the self-organizing map -

Cross Section // Neutral Networks, 37 (2013). - P. 52-65)

B. Match the word with their definitions:

1. A stimulus d. relating to a nerve or to the nervous
system.

2. The brain b. a point, especially in the form of lump or

swelling, where