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UNIT I. WHAT IS BIOLOGY?

Text 1.1 The Characteristics Of Life

m Essential targets:

By the end of this text you should be able to:

e discuss the main features of living things;

e discuss the stages of development of the science
of biology.

Pre-reading
mWith your partner try to match the definition with the correct word.
Guess if you are not sure! Then scan the text quickly to see if you were

right.
Exercise A.
1. |feature A. | a substance in general that everything in the world
consists of
2. | matter B. | a useless material or substance
3. | heat C. | natural world in which people and animals live
4. | chemical D. | the smallest unit of living matter
5. |cell E. | outer form or outline
6. | environment F. | a form of energy
7. |shape G. | substance used in chemistry
8. |waste product | H. | something important or typical of a place or thing

m Read the given text and make your essential assignments:

Biology is the study of life and living organisms. For as long as people
have looked at the world around them, people have studied biology. Even in
the days before recorded history, people knew and passed on information about
plants and animals.

Modern biology really began in the 17" century. At that time, Anton van
Leeuwenhoek, in Holland, invented the microscope and William Harvey, in
England, described the circulation of blood. The microscope allowed scientists
to discover bacteria, leading to an understanding of the causes of disease, while
new knowledge about how the human body works allowed others to find more
effective ways of treating illnesses. All these new knowledge needed to be put
into order and in the 18™ century the Swedish scientist Carl Linnaeus classified
all living things into the biological families we know and use today.



In the middle of the 19" century, unnoticed by anyone else, the Austrian
monk Gregor Mendel, created his Laws of Inheritance, beginning the study of
genetics that is such an important part of biology today. At the same time,
while traveling around the world, Charles Darwin was formulating the central
principle of modern biology — natural selection as the bases of evolution.

It is hard to believe, but the nature of viruses has become

apparent only within the last half of the 19" century and thel

first step on this path of discovery was taken by the Russian %

botanist Dmitry Ivanovsky in 1892. ,
In the 20™ century biologists began to recognize how

plants and animals live and pass on their genetically coded
information to the next generation. Since then, partly because
of developments in computer technology, there have been

great advances in the field of biology; it is an area of ever- @

growing knowledge. ® ®

During the past few hundred years biology has changed '
from concentrating on the structure of living organisms to
looking more at how they work or function. Over this time
biologists have discovered much about health and disease,
about the genes which control the activities of our bodies and how humans can
control the lives of other organisms. We need to understand how our activities
affect the environment, how humans can take responsibility for their own
health and welfare and how we must be careful to make appropriate rules for
the use of our genetic information.

Nowadays biologists are making fantastic discoveries which will affect
all our lives. These discoveries have given us the power to shape our own
evolution and to determine the type of world we will live in. Recent advances,
especially in genetic engineering, have dramatically affected agriculture,
medicine, veterinary science, and industry, and our world view has been
revolutionized by modern developments in ecology. There has never been a
more exciting nor a more important time to study biology.

Biology is the scientific study of life. But what is life? When we see a
bird on a rock it may seem obvious that the bird is alive and the rock is not, but
what precisely makes the bird alive and the rock not? Throughout history,
thinkers in many fields tried to define life. Although they have failed to
provide a universally accepted definition, most scientists agree that all living
things share certain basic characteristics:




m Living things are made of organized structures.
m Living things reproduce.

m Living things grow and develop.

m Living things feed.

m Living things respire.

m Living things excrete and waste.

m Living things respond to their surroundings.

m Living things move.

m Living things control their internal conditions.
m Living things are able to evolve.

Non-living systems may show some of the characteristics of living things,
but life is the combination of all these characteristics.

Organization. All things are made of chemicals, but in living things the
chemicals are packaged into highly organized structures. The basic structure of
life is the cell. Cells themselves contain small organelles that carry out specific
functions. A cell may exist on its own or in association with other cells to form
tissues and organs. Because of their highly organized structure, living things
are organisms.

Reproduction. Reproduction is the ability to produce other individuals of
the same species. It may be sexual or asexual. Reproduction involves the
replication of DNA. This chemical contains genetic information which
determines the characteristics of an organism, including how it will grow and
develop. The continued existence of life depends on reproduction, and this is
perhaps the most characteristic feature of living things. Reproduction allows
both continuity and change. Over countless generations this has allowed
species to become well suited to their environment, and life to evolve gradually
to more complex forms.

Growth and development. All organisms must grow and develop to
reach the size and level of complexity required to complete their life cycle.
Growth is a relatively permanent increase in size of an organism. It is brought
about by taking in substances from the environment and incorporating them
into the internal structure of the organism. Growth may be measured by
increases in linear dimensions (length, height, etc.), but is best measured in
terms of dry weight as this eliminates temporary changes due to intake of water
which are not regarded as growth. Development involves a change in a shape
and form of an organism as it matures. It is usually accompanied by an
increase in complexity.

Feeding. Living things are continually transforming one form of energy
into another to stay alive. Although energy is not destroyed during these
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transformations, heat is always formed. Heat is a form of energy which cannot
be used to drive biological processes, so it is sometimes regarded as “wasted
energy .

Living things have to renew their energy stores periodically from their
environment, to continue transforming energy and to replace the “wasted
energy . They also have to obtain nutrients — chemicals that make up their
bodies or help them carry out their biological processes. Living things acquire
energy and nutrients by feeding, either by eating other organisms, or by
making their own food out of simple inorganic chemicals using energy from
sunlight or from chemical reactions.

Respiration. Living things need energy to stay alive and to do work.
Although food contains energy, this is not in a directly usable form. It has to be
broken down.

The energy released during the breakdown is used to make ATP
(adenosine triphosphate) in a process called respiration. ATP is an energy rich
molecule and is the only fuel that can be used directly to drive metabolic
reactions in living organisms.

Excretion. The energy transformations that take place in an organism
involve chemical reactions. Chemical reactions that occur in organisms are
called metabolic reactions.

Waste products are formed in these reactions, some of which are
poisonous, so they must be disposed of in some way. The disposal of
metabolic waste products is called excretion.

Responsiveness. All living things are sensitive to certain changes in their
environments (stimuli) and respond in ways that tend to improve their chances
of survival.

The degree of responsiveness depends on an organism's complexity: a
bacterium may be limited to simple responses, such as moving towards
favorable stimuli or away from harmful ones; people can make highly
sophisticated responses to a wide variety of stimuli which they may perceive
either directly or with the aid of technological devices.

Movement. Responses usually involve some form of movement.
Movement of whole organisms from one place to another is called locomotion.
Plants and other organisms that are fixed in one place do not display
locomotion, but they can move parts of their bodies. Movements of living
things differ from those of non-living things by being active, energy-requiring
processes arising from within cells.

Homeostasis. All living things are, to some extend, able to control their



internal conditions so that their cells have a constant chemical and physical
environment in which they can function effectively. The regulation and
maintenance of a relatively constant set of conditions within an organism is
called homeostasis. Homeostasis is a feature of all living systems, from a
single cell to a whole biosphere (the part of Earth containing life).

Evolution. Living things are able to change into new forms of life. This
evolution usually takes place gradually over successive generations in response
to changes in the environment.

m Glossary of essential terms for you to know

Ne English term Russian equivalent
1. to accept PUHUMATh
2. to accompany COTIPOBOXKIATh
3. |toacquire npuodperarhb
4. advance MIPOJIBIDKEHUE (BIIEpE]), MPOTPECC
5. to allow HO3BOJISITH
6. apparent OYEBUIHBIN , IBHBIN
7. |toarise BO3HHKATh; MOSIBJIATHCS
8. arrangement YCTPOMCTBO; PACIOJIOKCHHE
Q. to arrange pacrojaraTth; yCTpanuBaTh
10. | because of W3-3a, BCIIEACTBUE
11. | blood KpPOBb
12. | to bring about BBI3BIBATH
13. | capacity CIIOCOOHOCTb
14. |to carry out BBITIOJTHATh; OCYIIIECTBIISATh
15. | cause (n.) IpUYrHA
16. |to cause (v.) BBI3bIBATh
17. | certain ONIPENEIICHHBIN; HEKUU; HEKOTOPBIN
18. | circumstance 00CTOSATETBCTBO
19. | coded information | 3akogupoBanHast MHPOPMALIUS
20. | to complete (v.) 3aKaHYMBATh; 3aBEPIIATH;
21. | complete (adj.) HOJTHBIN
22. | to contain COJIePIKaTh
23. | to define OTPEIEIIATh
24. | to determine OTIPEJIENATh, PeIlaTh; yCTAaHABIUBAThH
25. | todevelop pa3BUBAThH
26. | to describe OITHCHIBATH
27. | to destroy YHUUTOXATh; pa3pyIiaTh
28. | dimension pasMep, BeJIMYHHA; H3MEPEHHUE
29. | todisplay MIOKa3bIBaTh; MPOSIBIIATH, 00OHAPYKUBATh




30. |to dispose n30aBIATHCS OT YEro-Imd0; pacnoaraTh
31. |dueto 13-3a, BCIEICTBUE

32. |either ... or WIIN. . .M, 1u00. .. 1100

33. | toeliminate YHHYTOKATh

34. |internal BHYTPCHHHUIA

35. |toevolve pa3BUBAThH

36. | to fail OTCYTCTBOBATb; HE XBAaTaTh

37. | feature 0COOEHHOCTh; XapaKTepHas uyepTa
38. |togovern peryJupoBaTh; YIPaBIsITh

39. |togrow pacTu, yBeJIUYUBAThCS

40. | gradually MOCTEIIEHHO

41. | generation MOKOJICHHUE

42. | height BBICOTA, BBIIIIMHA, POCT

43. | harmful BpEIHBIN

44. | inheritance HACJIEICTBEHHOCTD

45. |toinvolve BKJIIOYATh, BOBJICKATh

46. |toincrease YBEJIMYUBATh; YCUJIMBATh

47. | interms of UCXOM U3, HA OCHOBAHUH YEro-JImodo
48. | input of sth. HOTpeOJICHUE Yero-JL.

49. |toinclude BKJIFOYATh

50. |law 3aKOH

51. | matter BEILIECTBO, MaTEPUS

52. | to move JIBUTATh, ICPEIBUTATHCS

53. | tooccur CIIy4aTbCsl, TPOUCXOIUTh

54. | to pass 1.mpoxoauTh; epexoauTh; 2. (0N) mepenaBaTh
55. | to put into order IIPUBECTU B MOPSAOK; YIIOPSATOUYUTH
56. | to perform BBITIOJTHAT, COBEPIIATh

57. | to possess 00J1a1aTh

58. | starch KpaxMa

59. |tosurvive BBDKHTD; MEPEKUTD

60. |way croco6

m Your Essential Assignments

I. Quick check

A. Decide if the following statements are true or false.

1.) The earliest people must have known about plants or

they would have died.
2.) The microscope allowed biologists to treat illnesses.
3.) Darwin’'s theory was one of the most important in biology.




B. What is the difference between:

1.) the growth of a crystal and the growth of a plant
2.) the movement of a cloud and the movement of an animal?

1. Fill in the missing words:

Term (verb) Noun

respond | ...

transform | ...

move | L

develop | ...

respire | ...

create | L

define | ...

4.) The study of biology has not changed at all over the centuries.

I11. Use monolingual English dictionary and write down what could

the words given below mean:

nutrient; sunlight; poison; breakdown; harmful.

1V. Find English equivalents to the following word combinations:

e

Russian term

English equivalent

OOIIETPUHSATOE OTIpPe/IeTICHHUE

BBITIOJTHATH (ITPOBONTH) CHIEIUaNIbHBIC (DYHKITUN

TOT K€ CaMbIU BHU/J] PaCTCHUSA; )KUBOTHOT'O

ITOCTOSIHHOE YBEJIMYECHHE pa3Mepa

UCX0/14 U3 (Ha OCHOBaHUM) CYXOro Beca

M3-3a KOJM4YeCTBa NOTPeOIsieMOil BObI

YCKOPSTH OOMEH BEIIECTB

yay4dliaTh IIaHCbl HA BBIDKMBAHHUE

OO NSO~ W N -

C IOMOIIBIO TCXHOJIOTHYCCKUX HpI/I60p0B

-
o

.| A0 HCKOTOpOﬁ CTCIICHU

-

.| HOOACPIKNBAHHUEC ITOCTOSAHHBIX YCJIOBI/Iﬁ

[EEN
N

.| IJPOUCXOANUTH IMOCTCIICHHO

[EEN
w

.| onpenensaTh XapaKTEPUCTUKU OpraHU3Ma

[EEN
SN

.| pearnpoBaTh Ha YCIOBUS OKPY’KAIOIIEH Cpeabl

[EEN
a1

.| ©3BECTCH KaK
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V. Give Russian equivalents to the following English terms:

No English term Russian equivalent

1. | living things share certain basic characteristics

2. | toreach the size and level of complexity

3. |to measure by increase in linear dimensions
(Iength; heights)

temporary changes

transform one form of energy into another

to make their own food

energy—rich molecule

4
5.
6. | to obtain nutrient chemicals
7
8
9

sensitive to certain changes in their environment

10. | degree of responsiveness

11. | moving toward favourable stimuli

12. | wide variety of stimuli

13. | energy—requiring processes

14. | to be known as

V1. Find synonyms among the pool of words:

Pool of words Synonyms

1) 1.determine/2.start/3.change/4.alter/5.define/6.begin

2) 1.breath/2.initiate/3.happen/4.respiration/5.occur/6.start

3) l.investigation /2.dimension /3.research /4.size

4) 1.due to/2.possess/3.ruin/4.because of/5.have/6.destroy

VI1I. Answer the following questions. Use all information given before:

Have scientists provided a universally accepted definition of life?
What is a living thing?

What is a non-living thing?

What can living things do that non-living things can not?

What do cells contain?

What does genetic information determine?

How is growth brought about?

Can heat be used to drive biological processes?

How do living things acquire energy and nutrients?

10 What do living things need to stay alive?

11. What does the degree of responsiveness depend on?

12. How do movements of living things differ from those of non-living?
13. What is homeostasis?

©COoNOO WD
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VIII. Match the sentence halves. Make complete sentences:

1. | Biologists are making A. | those of non-living things by being

discoveries energy-requiring processes arising from
within cells.
2. | Growth is accompanied by | B. | one of the main features of living things.
3. | DNA contains genetic C. | are transforming one form of energy into
information which another.
4. | Movements of living things | D. | all living things share certain basic
differ from characteristics.
5. | Reproduction is E. | chemicals are packed into highly

organized structures.

6. | To stay alive living thing F. | an increase in complexity.

7. | Most scientists think that | G. | determines the characteristics of an
organism, including how it will grow and
develop.

8. | In living things H. | which will affect all our lives.

IX. Read and translate the short text without any dictionary:

Fact of life:

The continued existence of life depends on reproduction, and this is
perhaps the most characteristic feature of living things. Reproduction allows
both continuity and change. Over countless generations this has allowed
species to become well suited to their environment, and life to evolve gradually
to more complex forms.

X. Food for thought:

a) You might be familiar with the mnemonic (memory aid) "Richard Of
York Gave Battle In Vain™ for remembering the colors of the spectrum — red,
orange, yellow, green, blue, indigo, and violet. Suggest a mnemonic for the ten
characteristic features of living things described in this unit. You can change
the order of the features.

b) Robots can move and respond, and require energy to maintain their
organization and a constant internal environment. How would you argue that
robots are non-living objects? A robot could be made that has all the
characteristic features of living things. Would it still be non-living?

XI. Translate into English using all the active possible:

1. buonoruyeckass Hayka M3y4aeT BCE >KMBbIE OPraHU3MbI, HACEISIOIINE
HaIly TJIaHETY.
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2.Jlaxxe B camble OTAAQJCHHbIE BPEMEHA JIIOAM TMBITAIUCH TOHSTH
OKpYKalolUi KX MUP U 00JIaaid JOBOJBHO OOIIMPHBIMU 3HAHUSIMH O
pPaCTEHUSIX U )KUBOTHBIX.

3. CoBpemeHnHas Ouosorus Hadasia pa3BuBaThcs B XVII Beke.

4. Mukpockor, u300peTeHHbI  JIeBeHrykoMm, TO3BOJUI  YYEHBIM
O0OHaAPY>KUTh MUP MUKPOOPTaHU3MOB.

5.B XVIIlI Beke Kapn JlunHel 3amoxuia OCHOBBI COBPEMEHHOM
KJIacCU(DUKAIINY )KUBBIX CYIIIECTB.

6. 3aKOHBI HACIIEJICTBEHHOCTH W MPHUHIIUII €CTECTBEHHOTO OTOOpa ObLIH
chopmynupoBanbl B XIX Beke.

/.B Hamm AHW 3HaHWUS 4YeIOBEKa B OOJACTH OMOJIOTMM PACTYT OYEHb
ObICTpO ONarojapsi KOMIbIOTEPHBIM TEXHOIOTHUSIM.

Text 1.2. What Do Biologists Do?

m Essential targets: By the end of this text you should be
able to:

e describe what biologists do;

edefine the different levels of biological organization;

e list the main elements of a scientific method.

Pre-reading
m Working in pairs, discuss these questions with your partner. Then scan
the text to find the answers and compare them with your discussion.
1. What do biologists study?
2. What careers in biology can you think of?
3. What areas of biology do you consider as the most important for human
society nowadays? Give your reasons.
4. Could you name the key elements of biological investigations?

m Read the given texts and make your essential assignments:

Part A. The levels of biological organization:

Biologists study every aspect of life at every level of its organization, from
the atoms that make up biological molecules to the ecosystems that form the
biosphere.

Here are the levels of biological organization from atoms, the smallest

13



components of living things, to the biosphere, the entire living planet:

= Biosphere

= Ecosystem

= Population

» Individual

= Organ system: digestive system
= Organ: stomach

= Tissue: smooth muscle

= Cell: smooth muscle cell

= Organelle: Mitochondrion

» Macromolecules: proteins

= Chemical building blocks or monomers: amino acid
= Atoms: carbon

Part B. Aspects of biology:

Modern biology is an enormous subject that has many branches. Specialists in
some branches include:

e molecular biologists and biochemists who work at the chemical level, with
the aim of revealing how DNA, proteins, and other molecules are involved in
biological processes;

e (Qeneticists who study genes and their involvement in inheritance and
development;

e cell biologists who study individual cells or groups of cells, often by
culturing them outside organisms; thee investigate how cells interact with each
other and their environment;

e physiologists who find out how organ systems work in a healthy body;

e pathologists who study diseased and dysfunctional organs;

e ecologists who study interactions between organisms and their environment.
Some focus their attention on whole organisms; others study populations,
individuals of the same species living together at one location.

There are also biologists who specialize in particular groups of
organisms; for example, bacteriologists study bacteria, botanists study plants,
and zoologists study animals.

Biologists are employed in many fields including conservation and
wildlife management, industry, health care, horticulture, agriculture, zoos,
museums, information science, and marine and freshwater biology. In addition,
many biologists are employed as teachers, lecturers, or research workers.

14



Part C. A letter to students who study biology:

Dear Students,

I am writing this letter to welcome all of you who
are about to begin your first year course in Biology
here at the university. You might think it is a little
early for me to ask you to think about what you will do
when you leave here in three years™ time. However,
our science, like any other, has so many different

| areas it is impossible to study them all. The first thing
you will have to think about is specializing. This letter is to offer you some
suggestions to think about for your future.

As you know, there are four main areas of biology that we shall
concentrate on in the coming years. Biology can be divided into zoology, the
study of animal life, and botany, the study of plant life. We shall also study
molecular biology, the study of how the building blocks of living things, the
cells, work. Another topic of interest is genetics, how biological information is
passed on from one generation to the next: that is, inheritance. You should
specialize, but you will also need to know about all of these four areas of
study. Plants and animals do not live separately from each other; all living
things are made up of cells and one of things genetics tells us is how plants
and animals adapt to the conditions around them.

So what about after the course is over and you have graduated in
Biology? Can you have a career in biology? For those who choose to
specialize in genetics or molecular biology there are important career
opportunities in medicine. At the present time, there is a great deal of research
going on in gene therapy where biologists are working with doctors and
chemists to find new ways of treating diseases. Other biologists are looking at
ways of changing the genetic composition of the plants we grow for food; of
making them more able to fight diseases and at the same time produce more
food.

We are experiencing a period of climatic change too, and this is having an
effect on the way animals and plants live. The science of ecology is becoming
more and more important; biologists who specialize in zoology are working in
many parts of the world. Some are working to protect species like the tiger,
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which are seriously threatened by climate change. Others are investigating
wildlife from the smallest insects to the largest mammals, trying to understand
how they all live together. Botanists are looking at the effect new types of food
crops have on the environment and how changes in that area can affect our
general health. There is even a new area of biology called astrobiology, which
Is looking at the possibilities of life on other planets — but perhaps that is
something for the more distant future.

Whatever you specialize in, as long as there is life on this (or any other)
planet, there is work for a biologist.

Good luck and enjoy your studies!

Jean Shearer
Professor of Biology.

Part D. The scientific method:

The definition of biology states that it is a “scientific study". This distinguishes
biology from other ways of studying life. However, there is no single rigid
scientific method that biologists use: there are numerous ways of studying life
scientifically. Nevertheless, biological investigations usually include one or
more of the following key elements:

- observing: making observations and taking measurements

- questioning: asking questions about observations and posing a
problem

- hypothesizing: formulating a hypothesis, a statement that explains a
problem and can be tested

- predicting: stating what would happen if the hypothesis were true

- testing: testing the hypothesis, usually by carrying out a controlled
experiment aimed at producing data that will either support or contradict the
hypothesis

- interpreting: interpreting the test results objectively and drawing
conclusions that accept, modify, or reject the hypothesis.

A biologist may start an investigation by making observations or by
using observations described by other biologists. Such observations may be
obtained directly by the senses, such as listening to a bird song, or indirectly
through instruments such as recording the song on a computer system. On the
other hand, an investigation may start simply by a biologist having an idea that
something happens in a particular way, and then the idea will be tested by
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making observations or carrying out experiments to see if it is valid. A
hypothesis is suggested and then tested in all investigations. One essential
aspect of a scientific experiment is that it can be repeated by other scientists
working independently.

A typical hypothesis makes a clear link between an independent or
manipulated variable and a dependent variable. Variables are conditions or
factors (such as light, temperature, or time) that can vary or may be varied. In
an experiment, the independent or manipulated variable is the one that is
systematically changed; the dependent variable is the effect or outcome that is
measured. For example, when investigating the activity of an enzyme at
different temperatures, temperature is the independent variable that is
manipulated by the scientist; rate of reaction is the dependent variable that is
measured at each temperature. Other variables called controlled variables are
kept constant or controlled at set levels.

At the end of an experiment, the results must be interpreted as
objectively as possible. Sometimes they are so clear that it is obvious whether
they support or contradict the hypothesis. Often, however, results are variable
and need statistical analysis before conclusions can be made. The conclusions
may lead to the hypothesis being accepted, modified, or rejected. Even if
results support hypothesis, it is accepted only tentatively because it can never
be proved completely. However, it only needs a single contrary observation to
refute a hypothesis (prove it wrong or incomplete). A hypothesis is therefore
only the best available explanation at any time. This makes biology a highly
dynamic subject and not merely a collection of facts.

A typical sequence of events in a scientific investigation:

= Observations

* Questions

* Hypothesis (accept, modify, reject)
» Predictions

= Experiments

= Test experiments

» Control experiments

* Results

= [nterpretation

* Conclusion (accept, modify, reject)
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m Glossary of essential terms for you to know

Ne English term Russian equivalent
1. |enormous OTPOMHBIN

2. |branch BETKAa; OTpacib; puinan
3. | to be involved (in sth) y9acTBOBATh (B .-11.)

4. |involvement ydacTue

5. |inheritance HacJeJJOBaHUE

6. | individual (n) 0Cc00b

7. |the same TOT YK€ CaMbIi

8. | species BU/T

9. | to be employed paboTaTh

10. | conservation 3aMOBETHUK

11. | horticulture Ca/I0BOJICTBO

12. | in addition KpOME TOTO

13. | to state 3asBJIATh, YTBEPKIAATH
14. | to distinguish OTJINYATh

15. | way croco0, oopas

16. | rigid KECTKUH, HETUOKHI

17. | nevertheless TEM HE MEHee

18. | to pose a problem IIOCTAaBHTh 3a/1a4y

19. | to predict IpeICKa3bIBaTh

20. | to contradict IIPOTUBOPEUUTH

21. | to draw a conclusion JeTaTh BBIBOJ

22. | to modify BUIOM3MEHSTh

23. | to reject OTBeprarh, OTOPAChIBATh
24. | to observe HaOII01aTh

25. | to obtain (syn. to get, to receive) | moxy4aTh

26. | to happen CIIy4aThCsl, TPOUCXOIUTH
27. | valid BECKUM, 000CHOBAHHBIN
28. | essential CYIIECTBEHHBINH, HEOOXOIUMBIT
29. | to manipulate TIepeMCHHAs

30. | effect (n) pe3ynbTar

31. | outcome CJICJICTBHE

32. | to measure U3MEPATH

33. | rate CKOPOCTb, X0JI, TEMII

34. | at set levels IIPM 3aIaHHBIX YPOBHSIX
35. | obvious OYEBUIHBIN
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36. | tentatively

OKCIICPUMCHTAJIBHO

37. | to refute

OMpOBEPTraTh

38. | merely

TOJIBKO, TIPOCTO

m Your Essential Assignments
l. Quick check

1 What is the difference between a physiologist and a pathologist?

2 Which is the highest level of biological organization on Earth?

3 In an experiment in which the rate of photosynthesis of a plant is
measured at different light intensities, which is the independent (manipulated)
variable and which is the dependent variable?

4 How can biologists help animals in the wild?

5 What is astrobiology?

I1. Find synonyms among the pool of words:

Pool of words
1) 1.enormous/2.valid/3.reject/4.great/5.refute/6.important
2) l.reveal/2.open /3.differ/4. take place/5.vary/6.happen
3) l.work /2.be involved /3.take part /4.be employed

4) 1.carry out /2.experimentally /3.fulfill /4.tentatively
5) l.change /2.investidation /3.modify /4.research

Synonyms

I11. Fill in the missing words:

e

Term (verb)
employ | ..
inherit -~ | L

modify | L.

observe | ...
measure | ...

predicc | ..
understand | ...
discover | L.
know | ...
contradict | ...

©O N gk W NEZ

|
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IV. Use monolingual English dictionary and write down what could
the words given below mean:
inheritance, interpretation, species, hypothesis, to refute.
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V. Match the words with their definitions:
Ne Word Definition

1. | individual A. | very strict and difficult to change

2. | horticulture | B. |the protection of natural environment

3. | rigid C. | the natural world in which people, animals and
plants live

4. | predict D. |to say that sth a person has said or written is

wrong or untruthful
5. | conservation | E. |a single person or thing, considered separately
from the class or group to which he, she, or it

belongs
6. | contradict F. | to say that sth will happen in the future
7. | variable G. | the art, practice or science of growing fruit,

flowers and vegetables
8. | environment | H. | a thing or quantity that can change and be changed

V1. Find English equivalents to the following word combinations
from the text:

N Russian term English equivalent

1. | Ocobu ogHOTO BUAA, )KUBYIIUE B OJJHOM MECTE.

2. | Kpome Toro, MmHOTHE OMONOTH paboTaOT
YYHUTEIISIMH, TIPETIOaBaTeIIMUA BY30B WIIH
UCCIICTIOBATEIISIMH.

3. | CymiecTByeT MHOTO CIIOCOOOB HAYYHOTO
U3YUYECHUS KU3ZHHU.

4. | Yto mpou3onuio Obl, €ciiv Obl 3Ta TUIIOTE3a
oKa3ajach BEpHOU?

5. | YueHble MOTYT OBTOPUTH IKCTICPUMEHT,
WCIIOJIB3YSl HAOTIOACHUS, TIOJTYYCHHBIC IPYyTUMH
OHoJIOTaMHU.

6. | C mpyroi CTOpOHHBI.

7. | Pe3ynbTar HEOOXOUMO MHTEPIPETUPOBATH KaK
MO>KHO OObEKTHBHEE.

8. | OueBuaHO.

9. | 'mmote3a mpUHUMAETCS TOJIBKO
AKCIIEPUMEHTAIBHO.

10. | [ToxmepxaTh TUIOTE3Y UK OTIPOBEPTHYTH €€.
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V1. Find Russian equivalents for the following word combinations

No English term Russian equivalent
1. | Such observations may be obtained directly or

indirectly.
2. | To carry out a controlled experiment aimed at

producing data.

Culturing cells outside organisms.

To refute a hypothesis.

Dysfunctional organs.

In addition.

An essential aspect of a scientific experiment.

Factors that can vary or may be varied.

© oINS gk

To draw conclusions that accept or reject the
hypothesis.

VI1I1l. Read and translate the short text without any dictionary.

Fact of life:

No matter how dramatic it is, any discovery must be shared before it can
make a contribution to our scientific knowledge. Biologists communicate with
each other mainly by means of concise reports called papers.

Typically, a paper contains the aims of investigation, a description of the
method used, the results obtained, and a discussion of the significance of the
results. The method is described in enough detail to allow someone else to
repeat the investigation. Well over one million original papers are published in
the biological sciences each year, in subjects ranging from the behavioural
interactions of different animal populations to the analysis of chemical
reactions taking place in cells.

IX. Food for thought.

The life sciences have made an enormous contribution to human welfare,
especially through their applied branches of medicine, agriculture, and
biotechnology. However, an important part of understanding biology and the
other sciences is realising their limitations. Science does not, for example, deal
with hypotheses that are not testable. Suggest questions that might not be
possible to answer using a scientific method.
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X. Traslate into English using all the active possible

1. B Hamm AHW HACUWTHIBAETCA TaKO€ MHOXKECTBO OHMOJOTHMUYECKHUX
TUCITUTIIINH, YTO OJIMH Y€JIOBEK HE MOXKET U3YYHUTh X BCE.

2. CtyaeHTBl NODKHBI M3YyYUTh OCHOBBI UYETHIPEX TJIABHBIX Pa3ieiioB
OMOJIOTUU: 300JI0TUU, OOTAHUKH, MOJICKYJISIPHON OMOJIOTUU Y TEHETUKHU.

3. T'eHeTnka M3y4aeT 3aKOHbI HACIEICTBEHHOCTH M TO, KaK JKUBbIC
CYIIIECTBA MPUCTIOCAOIMBAIOTCS K OKPYKAIOUIUM YCIOBHUSIM.

4. BeinyckHMKaM OUOJIOTHYECKUX (DaKyJIbTETOB MPEAOCTABISAETCS
MHO>KE€CTBO BO3MOKHOCTEH /I KAPHEPHOT'O POCTA.

5. MenuuyHe HY>KHbI TaJaHTJIUBBIE yU€HbIE, KOTOPbIE MOTJIN Obl BECTH
UCCJIeIOBaHMS B 00JIACTAX T€HHOM Teparuu, BUPYCHBIX MH(EKIUN U TIp.

6. YenoBeyecTBO NMEPEKUBAET MEPHUOJI KIMMATHUUECKUX HM3MEHEHUU, U
3aJlaya yYeHbIX — MPeACKa3aTh BOZMOKHBIE MOCIECTBUS 3TUX MPOIIECCOB.

7. DKoOJIOTHS M3y4daeT OKPYXKAIIYI0 Cpeay U To, KakuM oOpazoM
pacTeHus1, ’KUBOTHBIE U JIIOJIM CYIIECTBYIOT BMECTE M BIMSIOT JIPYT Ha Apyra.

XI. Prepare a short presentation to answer the question:

‘What is biology?’ Use the information in both texts.

Talk about:

e what the study of biology includes
e the four main areas of biology

e where biologists work

e what biology informs us about

First complete these notes. Use them in your presentation.

Biology: The study of ... :
There are four main areas:

..................... 1ISADOUL ..t
..................... 1ISADOUL ..t
Molecular biology isabout ..., :
......................... Is about inheritance.

In conclusion, biology isabout ..............c.ccooiviiiiiiin e, :
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Remember to:

e read the texts again

e select information that is relevant
e add examples where you can

Speaking tips

e Speak from notes.

e Don’t write out everything you plan to say, use key words.
¢ Introduce each new idea clearly.

XI1. Write a letter to your tutor telling him or her which areas of

Biology you would like to specialize in and why. Use these notes to help

you.

Dear Mr / Mrs (tutor’s surname),

Writing to tell you choices | have made

Specialize in (one or two of the main areas)

Reasons for choosing: interested in (plants / animals / latest ideas /
laboratory work / your own ideas)

Possible career choices: what | hope to do when | graduate
(medicine / ecology / agriculture / your own idea)

Offer to meet and discuss choices: | would like your advice and hope

Yours sincerely,
(your full name: first name + surname)
Write 100 — 140 words.

XI11. Prepare a short presentation to answer the guestion:
‘What is the scientific method?’
Talk about:

e What is the essential aspect of a scientific experiment?
e What is constantly changed in an experiment?
e What is to be done at the end of an experiment?

23



Unit Il. CELL
Text 2.1 Cell Theory

m Essential targets

By the end of this text you should be able to:
e describe the main ideas of the cell theory
e compare the structures of animal and plant cells
as seen with a light microscope.

Pre-reading
m With a partner consider the following questions and try to answer them.
Then quickly scan the text to check your answers.

1. What is a cell?
2. Who discovered cells?
3. Do plant cells differ from animal cells?

m Read the given text and make your essential assignments:

Cells were discovered in 1665 by the English scientist and inventor
Robert Hooke. Hooke designed his own compound light microscope to observe
structures too small to be seen with the naked eye. Among the first structures
he examined was a thin piece of cork (the outer surface of bark from a tree).
Hooke described the cork as being made of hundreds of little boxes, giving it
the appearance of a honeycomb. He called these little boxes cells. It soon
became clear that virtually all living things are made of cells, and that these
cells have certain features in common.

The cell theory

The concept that cells are the basic units of life became embodied in a
theory called the cell theory, which embraces the following main ideas:

ecells form the building blocks of living organisms

e cells arise only by the division of existing cells

e cells contain inherited information which controls their activities

e the cell is the functioning unit of life; metabolism (the chemical reactions

of life) takes place in cells
e given suitable conditions, cells are capable of independent existence.
A typical animal cell

The structure of a typical animal cell:
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ethe cell has a cell surface membrane which encloses the cell contents

ethe contents consist of a central ball-shaped nucleus surrounded by
material called cytoplasm

ethe nucleus contains a fibrous material called chromatin

ethis condenses to form chromosomes during cell division

echromatin contains DNA, the material which controls the various
activities inside the cell

escattered within the cytoplasm are mitochondria, small rod-like
structures. They have been described as the “power-houses” of the cell because
they supply energy.

esmaller dots within the cytoplasm are particles of stored food. Many
consist of glycogen, which is a food storage polysaccharide.

A typical plant cell

Like an animal cell, a typical plant cell has a cell surface membrane,
cytoplasm, and a nucleus. However, plant cells differ from animal cells in
several ways:

emost plant cells have a large sap-filled cavity called the vacuole. Sap is a
watery fluid containing salts and sugars. The vacuole surrounded by a
membrane called the tonoplast.

e the cytoplasm contains starch grains, the food storage products of plants

emany plant cells have chloroplasts in the cytoplasm. These contain the
pigments used in photosynthesis. Chlorophyll, which is green, is the main
pigment. Chloroplasts occur only in the parts of plants exposed to light — the
green parts. They are absent from underground structures such as roots.

m Glossary of essential terms for you to know

No English term Russian equivalent
1 cork poOKa

2 honeycomb COTBHI ITYCITHHBIC

3 cell KJICTKA

4 to embody BOILIOIIATh, OJIMIIETBOPSTH
5 to enclose OKpYKaTh

6 contents COJIEPIKIMOE

7 surface TTOBEPXHOCTh

8 membrane MeMOpaHa

9 nucleus SJIPO

10 |to surround OKpYXaTh

11 | cytoplasm IIUTOIIa3Ma

12 | fibrous BOJIOKHHMCTBIHN, PrOPO3HBIii
13 | division JIEJICHUE
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14 | to scatter pa3dpackIBaTh, pacChITNIaTh
15 | to supply oOecrieunBaTh, CHa0KaTh
16 | storage XpaHCHHE

17 |sap COK pacTEHHUS

18 | cavity 10JIOCTh

19 |starch Kpaxmal

20 | root KOpPCHB

21 | compound CIIOYKHBIT

22 | to observe HAOJIFO1ATH

23 | to examine HCCJIENOBATD

24 | feature yepra

25 | suitable MO X O SN

26 | existence CYIIIECTBOBaHHUE

27 | fluid JKUIKOCTh

28 | grain 3epHO

m Your Essential Assignments
l. Quick check

1. Briefly state the main concept of the cell theory.
2. List the features:

a) that only animal cells have
b) that only plant cells have
¢) that both animal and plant cells have.

1. Fill in the missing words:

Term (verb) Noun Adjective
exist | L

store | L
forom .
divide | L
act L
suit L
differ T

I11. Use monolingual English dictionary and write down what could the
words given below mean:

surface, honeycomb, cavity, plant, sap.
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1VV. Match these words with their definitions:

1. cell A. a scientific instrument that makes extremely small
things look larger

2.  toobserve B. the amount of a substance that is contained in
something

3. microscope | C. the contents consist of a central ball-shaped nucleus
surrounded by material

4.  metabolism D. parts of plants that can you eat but cannot digest,
which help food to move quickly through your
body

5. independent E. the central part of an atom, made up of neutrons,
protons, and other elementary particles

6.  contents F. to watch something or someone carefully

7. nucleus G. insomething

8.  cytoplasm H. the act of keeping or putting something in a special
place while is not being used

9. fibre I. the chemical reactions of life

10. inside J. existing separately and not connecting with or
influenced by any others

11. storage K. the green-coloured substance in plants

12. chlorophyll L. the smallest part of a living thing that can exist
independently

V. Find English equivalents to the following word combinations:

Ne Russian term English equivalent

1. | yueHslil u u3o0perarennb

2. | CIMIIKOM MaJeHbKUM, YTOOBI YBUIETh
HEBOOPY>KEHHBIM TJIa30M

3. | cAenaHbl U3 KJIETOK

4. | )KUBbIE OPTaHU3MBbI

5. | IeTieHue CYIECTBYIONIUX KIETOK

6. | HaciencTBeHHas MH(oOpMarus

7. | moaxopasiuiue yciaoBus

8. | OKpyKaeT COAEPKUMOE KIICTKU

9. | BO BpeMs JeeHUs KIETKH

10 | cHaGxaTh SHEeprueu

11 | oTnu4aThCA OT Y.-JI.

12 | comepkath CONU U caxapa

13 | OBITH OKPYKEHHBIM MEMOPAHOM

14 | OTUrMEHTBI, UCTIOJIB3yEMBIE B (POTOCHHTE3E
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V1. Give Russian equivalents to the following English terms:

English term

Russian equivalent

a compound light microscope

to serve structures

to have certain features in common

the basic units of life

the cell theory

the functioning unit of life

it takes place in cells

independent existence

LOCX)\ICDO"I-bOOI\.)Hz
1

a typical animal cell

10 a cell surface membrane

11 aball-shaped nucleus

12 a fibrous material

13 inside the cell

14 small rod-like structures

15 afood storage

16 a sap-filled cavity

17 starch grains

18 exposed to light

VII. Find synonyms among the pool of words:

Pool of words

Synonyms

1) 1.occur /2.scatter /3. take place /4. spread

2) 1.cavity /2.sap /3.juice /4.contents /5.hole /6.ingredients

3) 1l.nucleus/2.division/3.core/4.naked/5.separation/6. bare

4) 1.unit /2.part /3.fluid /4.grain /5.solution /6.corn

VIII. Answer the following questions. Use all information given before:

When were cells discovered?

What is called the cell theory?

SOk whE
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How did Robert Hooke discover cells?

What are the main ideas of the cell theory?
What is the structure of a typical animal cell?
How do plant cells differ from animal cells?




IX. Match the sentence halves. Make complete sentences:

1. Hooke designed his own A. a membrane is called the
compound light microscope tonoplast.

2. The concept that cells are the B. of living organisms.
basic units of life

3. Cells form the building C. which controls their activities.
blocks

4.  Cells arise only by D. to observe structures too small

to be seen with the naked eye.

5. Cells contain  inherited E. called chromatin.
information

6.  The contents consist of a F. the division of existing cells.
central ball-shaped nucleus

7. The nucleus contains a G. called the vacuole.
fibrous material

8.  Chromatin contains DNA, the H. became embodied in a theory
material which controls called the cell theory.

9.  Most plant cells have a large 1. surrounded by material called
sap-filled cavity cytoplasm.

10. The vacuole surrounded by  J. in the cytoplasm.

11. Many plant cells have K. the various activities inside the
chloroplasts cell.

12. Chloroplasts occur only in L. exposed to light — the green
the parts of plants parts.

X. Read and translate the short text without any dictionary:

Fact of life:

Robert Hooke described his observations of the cork cells: “I counted
several lines of these pores, and found that there were usually about three-score
of these small Cells placed end-ways in the eighteenth part of an inch in length,
whence | concluded that there must be near eleven hundred of them, or
somewhat more than a thousand in length of an inch and therefore in a square
inch above a Million, or 1166 400, and in a Cubick Inch, above twelve
hundred million, or 1259 712 000, a thing almost incredible, did not our
Microscope assure us of it by ocular demonstration.

XI. Food for thought: Suggest why red blood cells appear to contradict the
cell theory.
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Text 2.2. Introduction To Cell Division

m Essential targets:

By the end of this text you should be able to:

e describe the main stages of the cell cycle

e distinguish between mitosis and meiosis.
Pre-reading

m Working in pairs discuss these questions with your partner. Then
scan the text to find the answers and compare them with your
discussion.

1. Is cell division essential to life?

2. What is the basis of reproduction in every organism?

3. What provides continuity between one generation of cells and the

next?
4. How many chromosomes does each human cell have?

m Read the given text and make your essential assignments:

One of the most important concepts in biology is that cells arise only by
the division of existing cells. Cell division is essential to all life. It enables a
multicellular organism to grow and to replace worn out or damaged cells. It is
also the basis of reproduction in every organism. Cell division starts with the
division of the nucleus. There are two forms of nuclear division: mitosis and
meiosis.
Chromosomes: carrying information

Chromosomes are the structures that provide continuity between one
generation of cells and the next. Their name comes from the Greek: chroma =
coloured, soma = body, because of their affinity for certain stains used in
microscopy. Chromosomes consist of DNA, the genetic material of the cell,
wrapped in protein. They become visible in the nucleus where the more
dispersed chromatin existed before. Whole chromosomes can be examined
microscopically after breaking a dividing cell open and staining it with a
suitable dye.
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Chromosomes form homologous pairs
we—owies If the chromosomes are cut out they can be arranged into
i o matching pairs according to their size and certain other
features. These are called homologous pairs. Apart from
the sex chromosomes, both chromosomes in a pair
normally contain the same genes (for example, for eye or
hair colour). However, these may be different forms of the gene (for example,
one chromosome carries the form for green eyes, the other for brown eyes).

Human cells each have 46 chromosomes (23 pairs). Other species have
different numbers, for example, chimpanzee cells each have 48 (24 pairs) and
cabbage plant cells each have 18 (9pairs).

One chromosome in each pair comes from the individual’s mother and
the other from the father.

- Cells that have the normal two sets of chromosomes are called diploid.

- Cells that give rise to gametes (eggs and sperm) have only one
chromosome of each pair, so they have half the normal number of
chromosomes. Such cells are called haploid.

- In humans, n =23, so normal diploid cells have 46 chromosomes and
the haploid gametes have 23 chromosomes.

Mitosis: two identical daughter cells

In mitosis, the nucleus divides once and produces two identical nuclei.
The new daughter cells are genetically identical to the parental cell (unless
their DNA has been changed in some way, for example by a mutation). So
mitosis doubles the number of cells without changing the genetic information.
New cells for growth of a multicellular organism, asexual reproduction, and
wound healing, for example, are produced by mitosis.

The cell cycle

The cell cycle is the sequence of events that occurs between one cell
division and the next. It consists of three main stages:

1. During interphase, the cell grows, carries out its functions, and
replicates its DNA. After the DNA is replicated, new protein becomes attached
to it. The chromosome now consists of two strands called sister chromatids
which contain identical genetic information. Sister chromatids are joined at
some point along their length by a centromere. These become visible under the
light microscope only during mitosis. Typically, interphase lasts for about 90
per cent of the cell cycle.
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2. Nuclear division takes place during mitosis. The chromatids containing
replicated DNA are separated from each other and are redistributed as
chromosomes in the nuclei of the two new daughter cells.

3. In cell division (also called cytokinesis) the cytoplasm divides to form
two daughter cells.

The duration of the cell cycle varies according to conditions such as
temperature and the type of cell. The cell cycle of some plant cells (for
example, stamen cells of Tradescantia) takes less than 30 minutes at 45°C, but
more than two hours at 10°C. Cells in the growing root tip of an onion divide
every 22 hours at 20°C. Some cells such as human nerve cells do not divide at
all once they have become specialized.

Meiosis: four different daughter cells

In meiosis, the nucleus divides twice. This produces
four haploid nuclei. The number of chromosomes is
therefore halved during meiosis. Moreover, homologous
chromosomes within a pair can exchange genetic
material before being separated. The daughter cells are
therefore genetically different from the parent cell (and from each other).

Meiosis is the basis of sexual reproduction, occurring at some point in the
life cycle of organisms that reproduce sexually. The haploid gametes produced
by meiosis fuse during fertilization. This means that the new fertilized cell has
the diploid number of chromosomes. Without meiosis in the life cycle, the
number of chromosomes of a sexually reproducing species would be doubled
in each generation.

m Glossary of essential terms for you to know

meiosis

Ne  English term Russian equivalent

1 essential HEO0OXOIUMBII

2  reproduction BOCIIPOM3BEICHNE, PA3MHOKEHUE
3 generation MIOKOJICHUE

4 affinity CXOJICTBO, POJICTBO

5 dye Kpacka

6  tocutout BBITECHSITh, OTOpACHIBaTh
7 mutation MYyTalus

8 todouble yJIBauBaTh

9  asexual O€eCIOIbIi

10  multicellular MHOT'OKJIETOYHBIH

11  to carry out BBITIOJIHATD

12  toreplicate TyOIMpOBaThH
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13  division JIEJICHUE

14  to attach IPUKPETUIATH

15 strand HUTH

16 according to COIJIACHO

17  to fuse CILJIABJIATHCS, CAUBATHCS

18 fertilization OIUTOZ0OTBOPEHNE, YI0OpEHHE
19 to damage OBPEKIATh

20  nucleus PO

21  mitosis MUTO3, HEMIPSMOE JICJICHHUE sIapa
22  meiosis MeH03, peIyKITMOHHOE JIeTICHUE
23  to provide obecreurBaTh

24  continuity HETPEPBIBHOCTD, HEPA3PHIBHOCTH
25 stain KpacHUTellb, TSTHO

26 towrap o0epThIBaTh

27  apart from KpOME, IIOMUMO

28 gene reH

29  species BH]I

30 gamete MOJIOBAs KJIETKA

31 giveriseto JIaBaTh HAYAJIO

32  sequence MOCJICA0BATEILHOCTD

33 tooccur IPOUCXOIUTH

34 duration JUIMTENBHOCTD

35 tovary pazIMyaThCs

m Your Essential Assignments

I. Quick check:

1. a) List the main stages of mitosis, starting with interphase.
b) At which stage is DNA replicated?

2. Compare mitosis and meiosis in terms of number of cell divisions and

number of daughter cells.
I1. Fill in the missing words:

Term (verb)

Adjective

replace

continue

condition

fuse

mutate

double
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111. Use monolingual

English dictionary and write down what could the

words given below mean:

affinity, give rise to, division, asexual, generation.

1VV. Match these words with their definitions:

1. cell A. not having sexual organs or having sex

2. multicellular B. to make sperm join an egg so that a young baby or
animal develops

3. reproduction C. a change in the genetic structure of an animal or
plant, that makes it different from others of the
same type

4.  gamete D. the sequence of events that occurs between one cell
division and the next cycle

5.  fertilization E. the central part of an atom, made up of neutrons,
protons, and other elementary particles

6. chromosome F. a group of animals or plants which are all similar
and can breed together to produce young animals
or plants of the same kind as them

7. nucleus G. to become twice

8.  asexual H. the act or process of producing young animals or
plants

9.  mutation I. a part of every living cell that is shaped like a
thread which controls the character, shape etc. that
a plant or animal has

10. species J. atype of cell which joins with another cell, starting
the development of a baby or other young creature

11. todouble K. more than one cell

12. cell cycle L. the smallest part of a living thing that can exist
independently

V. Find English equivalents to the following word combinations:

Ne

Russian term

English equivalent

JACJICHUC KIICTOK

MHOTOKJICTOYHBIM OpraHu3m

MMOBPCIKACHHBIC KIICTKHU

OCHOBA PA3MHOKCHU A

FCHETUYECKUI MaTepuall

COTJIaCHO MX pa3Mepy

JAOYCPHAA KIICTKA

POAUTCIbCKAA KIICTKA

© XN O~WN

Oecmojioe Pa3MHOXKCHUC
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10. BBITIOJTHSET CBOM (D)YHKITUU

11. CTAaHOBUTCS BUIUMBIM

12, JUTHTEIIBHOCTH KJIETOYHOTO ITHUKJIA
13. BO BpEMsl OTLIOIOTBOPEHUSI

14. YKA3HCHHBIN IUKJI OPTaHU3MOB

V1. Give Russian equivalents to the following English terms:

No English term Russian equivalent
1 to consist of DNA
2 wrapped in protein
3 matching pairs
4 two sets of chromosomes
5 identical nucleli
6 to be identical to sth.
7 without changing the genetic information
8 for growth of a multicellular organism
9 nuclear division
10  human nerve cells
11  sexual reproduction
12 fertilized cell
13  the light microscope
14 to contain the same genes
15  can exchange genetic material
16  genetically different from

VI1I. Find synonyms among the pool of words:

Pool of words

Synonyms

1) 1.concept /2.damaged /3. injured /4. idea

2) l.arise /2.appear /3.vary /4. occur /5.change

3) 1.sex /2.mutation /3.gender /4.change /5.alteration

4) 1.essential/2.reproduce/3.important/4.breed/5.necessary

VIII. Answer the following questions. Use all information given before.

1. What enables a multicellular organism to grow and replace worn out or

damaged cells?

No kWD

What does cell division start with?
What two forms of nuclear division do you know?
What are chromosomes?

What do chromosomes consist of?
What is known as homologous pairs?
What is the difference between diploid and haploid?
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8. What are three main stages of the cell cycle?
9. How does the duration of the cell cycle vary?

IX. Match the sentence halves. Make complete sentences:

1. Cell division starts A. the individual’s mother and the
other from the father.
2. Chromosomes are the B. and produces two identical nuclei.
structures that provide
3. Chromosomes consist of C. occurring at some point in the life
cycle of organisms that reproduce
sexually.
4. One chromosome in each pair D. DNA, the genetic material of the
comes from cell, wrapped in protein.
5. In mitosis, the nucleus divides E. according to conditions such as
once temperature and the type of cell.
6. The cell cycle is the sequence  F. with the division of the nucleus.
of events
7. The duration of the cell cycle  G. that occurs between one cell
varies division and the next.
8. Meiosis is the basis of sexual H. would be doubled in each
reproduction, generation.
9. Without meiosis in the life I. continuity between one generation

cycle, the number of
chromosomes of a sexually
reproducing species

of cells and the next.

X. Read and translate the short text without any dictionary:

Fact of life: Some laboratory-grown mammalian cells appear to obey an

internal “biological clock” that allows them to divide by mitosis a maximum
number of times. For example, a fibroblast (connective tissue cell) taken from
a fetus divides on average about 50 times; the same type of cell taken from an
adult divides only 14 to 19 times.

XI. Food for thought:Although meiosis occurs at some stage in the life cycle

of sexually reproducing plants, their gametes are usually formed by mitosis.
Suggest reasons for this.
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Text 2.3. Microscopes

m Essential targets:
By the end of this text you should be able to:
e describe the main features of a light microscope
and an electron microscope
e distinguish between the terms magnification and

resolving power

e give the approximate size of different biological structures using an
appropriate unit of measurement.

Pre-reading

m Discuss these questions with your partner.
Then find the answers in the text.

1. Who invented a microscope?

2. What types of microscopes are used today?

m Read the given text and make your essential assignments:

A microscope is used to produce a magnified image of an object or
specimen. Anton van Leeuwenhoek (1632-1723) was the first to invent a
microscope powerful enough to explore the world of microbes. His discoveries
stimulated an explosion of interest in the scientific use of microscopes. Since
the 18" century many new types have been invented, of which the most
commonly used today are the compound light microscope and the electron
microscope. |

The compound light microscope l ““““

The compound light microscope is also called a o TS
light microscope or optical microscope. The compound |
light microscope is also called a light microscope or
optical microscope. The lenses refract (bend) the light to
give a magnified image of the object. The image may be
projected directly into the viewer’s eye or into
photographic film. A photograph taken through a light microscope is called a
photomicrograph or light micrograph.

Magnification and resolution

The magnification of an instrument is the increase in the apparent size of
the object. The total magnification of a compound microscope is worked out
by multiplying the magnification of the objective lens by that of the ocular
lens.
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There is virtually no limit to the magnification produced by a light
microscope; it depends on the power of the lenses used. However, above a
certain magnification the image becomes blurred and it is impossible to
distinguish structures lying close together. This limit of effective magnification
Is called the resolving power or resolution of the microscope. It is defined as
the ability of a microscope to show two objects as separate. The resolving
power of the light microscope is limited by the wavelength of light. Light
microscopes can magnify objects up to about 1500 times without losing clarity.

The electron microscope

Electron microscopes use a beam of electrons instead of a beam of light.
Electron beams have a much smaller wavelength than light rays, so electron
microscopes have greater resolving powers and can produce much higher
effective magnifications than light microscopes. There are two main types of
electron microscopes: the transmission electron microscope (TEM), and the
scanning electron microscope (SEM).

The transmission electron microscope

= The TEM is used to study the details of the
;g;/ internal structure of cells. Extremely thin samples of
<( _;;_’_';j} the specimen are needed. To make these the specimen
R L s | IS sUPpOrted in a resin block to prevent in collapsing
“—w; during cutting, and is sliced with a diamond or glass
knife. The section is then impregnated with a heavy-

metal stain, such as osmium tetroxide.

As the beam passes through the specimen, electrons are absorbed by
heavily stained parts but pass readily through the lightly stained parts.
Electromagnets bend the electron beam to focus an image onto a fluorescent
screen or photographic film. Photograph taken through an electron microscope
Is called an electron micrograph.

The most modern TEMs distinguish objects as small as 0.2nm. This
means that they can produce clear images magnified up to 250 000 times. The
magnification is varied by changing the strength of the electromagnets.

The scanning electron microscope

The SEM is used to produce three-dimensional images of the surface of
specimens. Electron are reflected from the surface of a specimen stained with a
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heavy metal. This enables the SEM to produce images
of whole specimens: cells, tissues, or even organisms.
Although electron microscopes have
revolutionized cell biology, they have not completely
replaced light microscopes. Light microscopes are used
to examine living and unstained specimens. Preparation of specimens for
electron microscopy is complicated and time-consuming. Electron microscopes
are very expensive and can be used only to study dead specimens stained with
heavy metal, which might well produce artifacts.
m Glossary of essential terms for you to know.

Ne English term Russian equivalent
1 magnified YBEJIMYEHHBIHI

2  specimen oOpa3selr, 0co0b

3 to explore HUCCIIEOBATH

4 toinvent n300peTaTh

5 lens JVH3a

6  torefract IPEIOMIIATH

7 magnification yBEITUYCHUE

8  apparent BHIMBII

9 compound COCTaBHOM, CIIOKHBIN
10  Dblurred CMa3aHHbBIN

11  to distinguish pa3anvaTrh

12  resolution paspelnicHue

13  wavelength JUIMHA BOJIHBI

14 clarity SICHOCTb, YETKOCTh
15 beam Ty, MTy9OK JIyqden

16 ray ay4

17 internal BHYTPEHHUI

18 sample oOpa3zery

19 to impregnate OIUIOJOTBOPATH, IPOIIUTHIBATH, HACHIIIATH
20 stain MPOIKTKA

21 readily JICTKO

22  to reflect OTpaXKaTh

23 toenable MTO3BOJISTh

24 tissues TKaHU

25 toreplace 3aMEHSTh

m Your Essential Assignments

I. Quick check

1. How is the magnification varied in:
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a) a light microscope

b) an electron microscope?
2. Why is the resolving power of an electron microscope so much better than

of a light microscope?

3. What is the approximate size of the smallest structure that can be observed
with a light microscope?

1. Fill in the missing words:

Term (verb)

Adjective

magnify

multiply

reflect

absorb

prevent

I11. Use monolingual Enaglish dictionary and write down what could the

words given below mean:

microscope, to refract, magnification, sample, ray.

1VV. Match these words with their definitions:

1. beam A.

a piece of curved glass which makes things look
bigger or smaller

2. to invent B.

the power of a microscope to give a clear picture of
things, or a measure of this

3.  eyepiece C.

to change the position of the lens on a microscope so
that you can see something clearly

4, lens D.

to make a substance spread completely through
something

5. resolution E. ashining line of light from the sun, a lamp
6.  tofocus F. a picture of a subject in a mirror or in the lens of a
camera
7. specimen  G. easily noticed
8. to H. to make, design, or produce something new for the
impregnate first time
9. image I.  made up of two or more parts or substances

10. apparent J.

a small amount or piece of something that is taken
from a plant or animal, so that can be tested or
examined

11. compound K,

the glass piece that you look through in a microscope
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V. Find English equivalents to the following word combinations:

Ne Russian term English equivalent
1. | Hay4HOE UCITOIH30BAHNE MHUKPOCKOIIOB
2. | BJIEKTPOHHBI MHUKPOCKOT

3. | CTeKJISTHHBIC JIUH3BI

4. | okymsp

5. | BUIUMBIN pazMep 00beKTa

6. |3aBHCETbH OT Y.-JI.

/. | IMHA BOJIHBI CBETA

8. | 6e3 moTepu 4YETKOCTH

9. | cKaHUPYIOMIHH JIEKTPOHHBIN MUKPOCKOIT
10. | BHyTpeHHSSA CTPYKTypa KIETKH

11. | merko MpoXoJUTh Yepe3 4.-JI.

12. | TpexmMepHOE U300paKEeHHE

13. | moBepXHOCTH 0Opa3iia

V1. Give Russian equivalents to the following En

lish terms:

English term

Russian equivalent

a magnified image of sth.

a compound light microscope

to pass through

to refract (bend) the light

structures lying close together

the resolving power

to be limited by sth.

a beam of light

LOOO\I@O"I-bOOI\.)I—‘z
1

the transmission electron microscope

to focus an image

to produce clear images

complicated and time-consuming

dead specimens

pass readily through the lightly stained parts

to be impregnated with sth.

VII.

Find synonyms amongq the pool of words:

Pool of words

Synonyms

1)1. multiply /2. sample /3.increase /4. specimen

2)1. image / 2. visible / 3. apparent / 4. picture

3)1.beam/2.refract/3.examine/4.bend/5.explore/6. ray

4)1.organism/2.compound/3.living thing/4. complex
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VIII. Answer the following questions. Use all information given before:

O wNE

microscopes?
6. What are the main types of electron microscopes?
7. What is the difference between the transmission electron microscope
and the scanning electron microscope?

What are microscopes used for?
What types of microscopes are most commonly used today?
What is a compound light microscope?

What does the magnification of an instrument depend on?
How do electron microscopes differ

from compound light

IX. Match the sentence halves. Make complete centences:

1. A microscope is used A. a light microscope or optical
microscope.

2. Since the 18" century many B. they have not completely
new types have been invented, replaced light microscopes.
of which the most commonly
used today are

3. The compound light C. inthe apparent size of the object.
microscope is also called

4, The compound light D. the transmission electron
microscope is also called microscope and the scanning

electron microscope.

5. The magnification of an E. the compound light microscope
instrument is the increase and the electron microscope.

6. Light microscopes can magnify F. abeam of light.
objects up to

7.  Electron microscopes use a G. to produce a magnified image of
beam of electrons instead of an object or specimen.

8. There are two main types of H. a light microscope or optical
electron microscopes: microscope.

9. Although electron microscopes 1. about 1500 times without losing
have revolutionized cell clarity.
biology,
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X. Read and translate the short text without any dictionary:

Fact of life:

A new microscope, called a scanning tunneling microscope, was invented
in 1980. It measures surface features by moving a sharp probe over the object’s
surface. It can achieve magnifications of 100 million, allowing scientists to
view atoms on the surface of a solid. This type of microscope is likely to have
a major impact on biology. Recently, it has been used to view DNA directly.

XI. Food for thought:

Suggest which unit should be used when calculating the diameter of the DNA
molecule. Why might there be a discrepancy between the actual diameter and
that estimated from the scanning tunneling micrograph?

m Have Some Fun! Biologist Jokes!

A young college student stayed up all night studying for his zoology test
the next day. As he entered the classroom, he saw ten stands with ten birds on
them with a sack over each bird and only legs showing. He sat right on the
front row because he wanted to do the best job possible. The professor
announced that the test would be to look at each set of bird legs and give the
common name, habitat, genus, species, etc.

The student looked at each set of bird legs. They all looked the same to
him. He began to get upset. He had stayed up all night studying, and now had
to identify birds by their legs. The more he thought about it, the madder he got.
Finally, he could stand it no longer. He went up to the professor’s desk and
said: “What a stupid test! How could anyone tell the difference between birds
by looking at their legs?” With that the student threw his test on the professor's
desk and walked out the door.

The professor was surprised. The class was so big that he didn't know
every student’s name, so as the student reached the door the professor called:

“Mister, what's your name?” The enraged student pulled up his pant legs
and said: “You guess, buddy! You guess!”
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UNIT I1l. MOLECULAR BIOLOGY OF THE GENE
Text 3.1. DNA Structure

m Essential targets:

By the end of this text you should be able to:
e distinguish between a nucleoside, a nucleotide,
and a polynucleotide;
e explain how a phosphodiester bond forms;
e discuss the significance of complementary base
pairing in DNA.

Pre-reading

m Working in pairs, try and answer the following questions before you
read the text. Don't be afraid of guessing the answers! When you have
finished, check your answers by reading the text.

Who discovered the structure of DNA?

What do you know about a nucleoside and a nucleotide?
What shape does a molecule of DNA have?

What kind of information does a molecule of DNA contain?

R A\

Exercise A. Match the words with their definitions:

1 |tojoin A | only one or considered to its own
2 | base B | serious study of a subject that is intended to discover
new facts or test new ideas

3 |ring C | to connect or fasten things together

4 | support D | the most important part of something from which new
ideas develop

5 | bond E |acircular line or mark

6 |single F | sympathetic encouragement and help that you give to
someone

7 |research G | the chemical force that holds atoms together

8 |[todiscover | H |asingle thin piece of thread, wire, hair etc.

9 |double | | something that is twice the size, quantity, value, or

strength of something else
10 | strand J | to find something that was hidden or that people did
not know about before
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m Read the given text and make your essential assignments:

The description of the double helical structure
of DNA (deoxyribonucleic acid) by Watson and
Crick in 1953 (see Fact of life) was a landmark in
science history. Their discovery sparked off a new
era in scientific research which has had, and will
continue to have, far-reaching consequences.

A polymer of nucleotides

Each DNA strand is a polymer made up of
nucleotide subunits. The nucleotides join together
to form long unbranched polynucleotide chains.

Each nucleotide consists of deoxyribose (a five-carbon or pentose sugar),
an organic nitrogen-containing base (of which there are four different types),
and phosphoric acid.

The sugar and the organic base join together by a condensation reaction to
form a nucleoside. (A condensation reaction results in the removal of a water
molecule.)

Another condensation reaction joins the nucleoside with phosphoric acid
to form the nucleotide. This bond forms between carbon 5 of the sugar and the
phosphate, and is called a phosphoester bond.

The organic bases present in DNA are either purines (guanine, G and
adenine, A) or pyrimidines (cytosine, C and thymine, T). Purines have a
double ring structure; pyrimidines have a single ring structure.

Two nucleotides can join together by a condensation reaction between the
phosphate group of one nucleotide and the hydroxyl group on carbon 3 of the
sugar of the other nucleotide. The bonds linking the nucleotides together are
strong, covalent phosphodiester bonds.

The process can be repeated so that a polynucleotide chain builds up. The
chain has a sugar-phosphate backbone with the organic bases projecting
outwards.

Each chain has two distinct ends: a 3' (‘three prime') end and a 5'(‘five
prime') end. At the 3' end, the carbon 3 of the deoxyribose is closest to the end;
at the 5' end, the carbon 5 of the deoxyribose is closest to the end.

The double helix

DNA consists of two polynudeotide chains coiled around each other to
form a double helix. The double helix is held together by hydrogen bonds
between pairs of bases in the two chains. The pairings depend on the shapes of
the bases (a purine can only bond with a pyrimidine) and on their ability to
form hydrogen bonds:

Adenine (a purine) pairs with thymine (a pyrimidine), forming two
hydrogen bonds (A=T).
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Guanine (a purine) pairs with cytosine (a
pyrimidine), forming three hydrogen bonds (G
= C).

Complementary base pairing

These complementary base pairs are the
only ways the bases can bond and join the two
nucleotide chains. Thus, the sequence of bases
along one polynudeotide chain determines the sequence along the other: an
adenine on one chain means there must be a thymine on the other chain at that
point, and so on. Complementary base pairing forms the basis of DNA
replication and its ability to form messenger RNA during protein synthesis.

Complementary base pairing can happen only if the two polynudeotide
chains are antiparallel. Antiparallel chains run in opposite directions; one chain
runs from 3'to 5', and the other from 5'to 3'.

Watson and Crick's model of DNA showed that the base pairs are 0.34 nm
apart, and that each complete turn of the helix has ten base pairs.

In summary

DNA is a double helix made of two polynucleotide chains.

Each chain has a sugar-phosphate backbone on the outside with organic
bases on the inside.

The two chains are held together by complementary base pairing.

The chains are antiparallel (the 5' end of one chain lies next to the 3' end
of the other chain).

mGlossary of essential terms for vou to know

Ne English term Russian equivalent
10. | physicist (busnk

11. | description OTIFICAHUE

12. | to carry out IIPOBOJIUTH, BBIIIOJIHATH
13. | particularly 0COOCHHO

14. | to obtain I0JTy4aTh

15. | crucial pelIaroImui

16. | helical BUHTOBOM, CITUPATHHBIN
17. | datum (pl. data) naHHoe (JTaHHbIC)

18. | strand HUTH (JHK, OCNKa)

19. |to receive MOJTy4aTh

20. | discovery OTKPBITHE

21. | cancer pak

22. | posthumously MMOCMEPTHO

23. | landmark B€Xa, MOBOPOTHBIM MTyHKT
24. | to spark off BBI3BATh
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25. | far-reaching JAJIeKO WY

26. | conseqguence ITOCJICACTBHE

27. |unbranched 0e3 BeTBEll, HE UMEIOIINI BETBEN
28. | nucleotide HYKJICOTH]T

29. | nitrogen a3oT

30. | removal OTIICIUICHHE, TIEPEMEIIICHUE

31. | pyrimidine MUPaMUIIH

32. | thymine THMHH

33. | cytosine ITUTO3WH(HYKJICOTHT)

34. | hydroxyl THIPOKCHIT

35. | bond XHUMHYECKas CBSI3b

36. |to link CBSI3BIBATh, COETUHATE

37. | to build up HapalluBaTh, CO37aBaTh

38. | backbone OCHOBA, KapKac

39. | bases(basis) OCHOBA, OCHOBaHHUE

40. | outwards HapyKy, CHapy»Ku

41. |to project BBIJIaBAaThCsl, BHICTYIIATh

42. | distinct OTHEIBHBIA, OTIIMYHBIN, OCOOBIN
43. | helix CIIUPAJIh

44, | to coll CKpPY4YHBaTh

45. | pairing CKpPYYHMBaHHE TTapaMH, PACTIOJIOKCHHE MTapaMu
46. | ability CIOCOOHOCTH

47. |adenine afeHWH (HYKJICOTH])

48. | guanine ryaHuH (HyKJICOTH)

49. | complementary JOTOJTHUTEIbHBIH

50. | sequence MTOCJIEA0BATEILHOCTD

51. |apart pa3ziesibHO, Ha PACCTOSIHUU JIPYT OT Jpyra

m Your Essential Assignments

I. Quick check

I. Distinguish between a nucleoside and a nucleotide.

2. By what type of chemical reaction is a phosphodiester bond formed?

3. If one strand of DNA has the base sequence AATCCG, what will be the
corresponding base sequence of bits complementary strand ?

11. Fill in the missing words:

Verb

Noun

discover

project

describe
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receive
remove
condensate
react

111. Use a monolingual English dictionary and give the definitions of the
words below:

landmark; bond; chain; sequence; to coil.

V. Find English equivalents to the following word combinations:

No Russian term English equivalent

=

onyOJIMKOBATh MEPBOE OMKUCAHUE
ctpykryps! JJHK

JIHK nmMeeT cuupalibHyIO0 CTPYKTYpPY

IMPEMHUA HC IIPUCYKAACTCA ITIOCMCPTHO

JAJIEKO UTYITUE TTOCTIECTBUS

IIPOYHBIC KOBAJICHTHBLIC CBA3U

O6pa3OBaHI/I€ I1ap 3aBUCHUT OT

Hocureis PHK

IMPOTHUBOIIOJIOKHBIC HAITPABJICHUA

© 0N O~ IwWIN

MOJIHBIA 000POT CIIUpATIU

V. Suqgest Russian equivalents for the following word combinations

° English term Russian equivalent

X-ray data

crucial support to the idea

double helical structure

to receive a Nobel Prize for a discovery

far-reaching consequences

o wWNEZ

the nucleotides join together to form
long unbranched polynucleotide chains

removal of a water molecule

chains coiled around each other

the double helix is held together

B|©0~

0. | messenger RNA during protein
synthesis

11 | their discovery sparked off a new era

48



V1. Fill in the gaps with the words and expressions from the text:

I. DNA consists of two polynucleotide chains ... to form a double helix.

2. The description of the double helical structure of DNA was a ... in
science history.

3. The two chains ... by complementary base pairing.

4. Another condensation reaction ... the nucleoside with phosphoric acid
to form the nucleotide.

5. Purines have a ... ring structure

V1. Answer the following questions. Use all information given before.

Who and when published the first description of the DNA structure?
What information did Watson and Crick use for their model?
Why did not Rosalind Franklin receive a Nobel Prize?
What is each DNA strand made of?
What is a condensation reaction?
What does each nucleotide consist of?
What is the main difference between purines and pyrimidines?
What is the main condition for complementary base pairing to happen?
Distinguish between a nucleoside and a nucleotide.
10 What type of chemical reaction forms a phosphodiester bond?
11. If one strand of DNA has the base sequence AATCCG, what will be
the corresponding base sequence of bits complementary strand?

©CoNoarwdE

VI, Read and translate the short text without any dictionary:

Fact of life:

In April 1953, the biologist James Watson and the physicist Francis Crick
published the first description of the structure of DNA, in a letter to the journal
Nature. They based their description on a model they had constructed, but they
did little experimental work themselves. The information they used for their
model came from work carried out by Erwin Chargaff on the base composition
of DNA , and X-ray data obtained by Rosalind Franklin, working with Maurice
Wilkins at King's College, London. One particularly good X-ray diffraction
photograph obtained by Franklin in the winter of 1952-3 gave crucial support
to the idea that DNA has a helical structure. Other data from Franklin showed
that DNA has two strands, not three or more as some scientists had proposed.
In 1962, Watson, Crick, and Wilkins received a Nobel Prize for their
discoveries. Tragically, Rosalind Franklin died of cancer in 1958 at the age of
37. Nobel prizes cannot be given posthumously.
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I X. Food for thought:

In 1948 the chemist Ervin Chargaff began using paper chromatography to
analyses the base composition of DNA from a number of species. Table 1
shows the types of results may be interpreted to support Watson and Crick’s
double-helix hypothesis. What other interpretations could be given?

DNA source A G C T

Human 30.9 19.9 19.8 29.4
Sheep 29.3 21.4 21.0 28.3
Hen 28.8 20.5 21.5 29.2
Turtle 29.7 22.0 21.3 27.9
Salmon 29.7 20.8 20.4 29.1
Locust 29.3 20.5 20.7 29.3
Wheat 27.3 22.7 22.8 27.1
Yeast 31.3 18.7 17.1 32.9
Escherichia coli 24.7 26.0 25.7 23.6
Staphylococcus aureus 30.8 21.0 19.0 29.2

X.Translate into English using all the active possible:

1. Onucanue crpykrypel JIHK B Bume paBodHOW crnupanu ObLIO
MMOBOPOTHBIM ITYHKTOM B UCTOPUU HAYKH.

2. DTO OTKPBITHE SBUJIO HOBYIO 3Py B HAyYHOM HCCIICIOBAHUH, KOTOPOE
Kumeer u OyzeT uMeTh 1ajieko UAYIIHE MOCIIEICTBUS.

3. Peaknmst koHmeHcanuu (YIUIOTHEHHS) TPUBOIUT K OTIICTUICHUIO
MOJIEKYJIbI BOJIBI.

4. Hykneotusbl 00beIUHSIOTCA U 00pa3yloT JJIMHHbIE HEPa3BETBIICHHbIE
NOJIMHYKJICOTUIHBIE LIETIH.

5. JHK coctout u3 ABYX MOAMHYKICOTUIHBIX IIENEH CKPYYEHHBIX BOKPYT
IpYT Apyra u 00pa3yroluX JBOMHYIO CIIUPATTb.

6. Monenr JIHK VYorcoma um Kpumka mokazama, 9ro 0a30oBbIle Mapsl
pacnosaratorcs B 0.34 HM Apyr OT apyra.

/. Takum  00Opa3oMm, TMOCIEAOBATEIbHOCT,  0a3  BOOJb  OJHOM
NOJIMHYKJICOTUHOM LIEMU OMPENEISAET IMOCIEI0BATENBHOCTh BAOJb JAPYIOM:
aZIcHVH B OJHOM LIEMM O3HAYaET, YTO B TOW KE€ TOYKE JIPYTrod LENH JOJKEH
OBITb TUMHH U TaK JaJiee.

8. Opranunueckue ocHoBanus, npucyTtcTBytomue B JJHK, sBastorcs nmubo
MypUHAMH, MO0 TUPUMUIUPAMHU.
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Text 3.2 Chromosomes

m Essential targets:

By the end of this text you should be able to

e cxplain how DNA is folded in a chromosome

e describe the structure and function of centromeres
e discuss the role of telomeres.

Pre-reading

m With your partner, consider the following questions before looking
at the text. Then quickly scan the text to see if you were right.

1. What do you know about chromosomes?

2. What is mitosis?

3. What is meosis?
4. What kind of molecules are called histones?

~ Exercise A. Match the words with their definitions:

1. | artificial A. | the act of separating something into different parts

2. |gene B. | physical harm caused to something or someone

3. |visible C. | not made of natural materials or substances

4. | division D. | a series of related events, actions etc. which have a
fixed order

5. |damage E. | something that can be seen

6. |sequence F. | the measurement of something from one end to the
other

7. |to attach G. | to be able to recognize and understand the
difference between two similar things or people

8. | todistinguish | H. | when a battery takes in and stores electricity

9. |tofold |. | to connect one thing to another

10. | to charge J. | to wind or fold cloth, paper around something

11. | length K. | to make something smaller, to bend a piece of
paper by laying or pressing one part over another

12. | to wrap L. | a small part of the material inside the nucleus of a

cell, that controls the development of the qualities
that have been passed on to a living thing from its
parents
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m Read the given text and make your essential assignments:

What's in a chromosome?

A chromosome consists of hundreds or thousands of
genes (a gene is the basic unit of inheritance), and specialised
parts that are thought to be important to the chromosomes
stability and function. The deoxyribonucleic acid (DNA) that
makes up the genes is packaged with the aid of proteins to
form a complex structure. Chromosomes also contain small
amounts of ribonucleic acid (RNA).

DNA is packaged in chromosomes

Each human chromosome contains one very long DNA molecule which
unravelled would measure about 4.8 cm in length. The total length of DNA in
the nucleus of a human cell has been estimated to be about 2.2 m. This poses a
packaging problem: how does a chromosome measuring on average 6 um long
contain about 8000 times its length of DNA? The answer is that chromosomal
DNA is intricately folded and is tightly bound to protein molecules called
histones. Histones are small proteins that are rich in the amino acids lysine
and/or arginine,

The complex formed between DNA and histones is called chromatin.
Chromatin takes up stain and is visible in non-dividing nuclei. Individual
chromosomes can be seen under the light microscope only during cell division
(mitosis or meiosis).

Nucleosomes - the basic structural unit

Each DNA molecule is wound around histones arranged in groups of eight
known as octamers.

The DNA and octamers form bead-like structures known as nucleosomes.
Positively charged groups on the side-chains of the histones form strong ionic
bonds with negatively charged phosphate groups in the backbone of the DNA.

In each nucleosome, a length of DNA containing about 150 base pairs is
wrapped around the octamer.

Another histone molecule attached to the outside of the nucleosome binds
DNA to the octamer.

The nucleosome is regarded as the basic unit of the structure. The linker
region, the stretch of DNA between the nucleosomes, varies in length from 14
to over 100 base pairs.

Nucleosomes fold to form solenoid fibres

More histones in the linker region help to fold the thread of DNA and
nucleosomes (the nucleosome fibre) into a tightly coiled structure called a
solenoid. The solenoids are thought to be further looped and coiled around
non-histone proteins called scaffolding proteins. The precise details of this
higher level of folding are not known.
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The centromere
Each chromosome has a centromere which usually appears as a
—— constriction when the chromosomes condense during
@ Eg,, mitosis and meiosis. The position of the centromere can be
| used to distinguish between different chromosomes.

Telomera

a Y Centromeres do not contain any genes. However they

T e do contain large segments of highly repetitive DNA,
‘Q}m g called alpha satellite DNA. This is thought to play a
“G”fw significant role in centromere function. The centromere

contains the kinetochore. This is a densely staining
structure that attaches the chromosome to the spindle apparatus during nuclear
division. Centromeres control the distribution of chromosomes during cell
division. Chromosomes that do not have centromeres cannot divide.

Telomeres

Telomeres are located at the ends of chromosomes. They consist of DNA
and protein. The telomeres appear to play a vital role in maintaining the
stability of the chromosomes, 'sealing' the ends of linear DNA. They have been
likened to the tips of shoelaces, and have a similar function: to stop the DNA
fraying. They also seem to play an important role in regulating cell division.
Under normal circumstances, telomeres become shorter and shorter with each
cell division. When the telomeres have shortened to a certain critical length,
the cell stops dividing.

If the telomeres are removed, the chromosome disintegrates. It is thought
that the ageing process may be linked to telomere damage.

Telomeres: a role in cancer?

Telomeres contain repeating sequences of bases which are synthesised
with the help of an RNA-containing enzyme called telomerase. Telomerase
activity is suppressed in normal human somatic (body) cells. However, in
cancerous cells, telomerase is active and maintains the telomere length so that
the cells continue to divide. It is thought that this abnormal retention of the
telomeres is involved in the development of some types of cancer.

m Glossary of essential terms for you to know

Ne English term Russian equivalent
1. | artificial MCKYCCTBEHHBIH

2. | achievement JIOCTHKEHHUE

3. | to treat JIEYNUTD

4. | to remain OCTaBaThLCs

5. | host XO3AUH

6. | accessory 100aBOYHBII

7. | inheritance HACJIEACTBEHHOCTD
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8. | to package yIIaKOBBIBATh, YKJIa/IbIBATh

9. |acid KHCJIOTA

10.| to make up COCTaBJISATh,

11.| to consist of COCTOSITh U3

12.| to contain coJiepKaTh

13.| to unravel pacIyThIBaTh, PACKPYUYHBAThH
14.] length JUTHHA

15.| nucleus (nuclei — pl) a1po (spa)

16.| to estimate OLICHUBATH

17.| to pose CTaBUTH (BOIPOC), 3a/1aBaTh (BOMPOC)
18.| on average B CpEJIHEM

19.| intricately 3aIyTaHHO, 3aMbBICJIOBATO

20.| to fold CKJIaJIbIBaTh, CTH0ATh, 3aBEPTHIBATH
21.| tightly TECHO

22.| bound CBSI3aHHBIN

23.| lysine JU3UH (AMHHOKHCIIOTA)

24.) arginine apruHuH (AaMHHOKKCIIOTA)

25.| chromatin XpOMaTHH

26.| to take up npuHUMaTh(Cs), OpaTh Ha ceOs
27.| stain KpacuTelb

28.| to wind around (wound) | BUTbCSI BOKpYT, OOBHBATh

29.| bead ny3bIpeK, IIapuK, Oychl, Oucep
30.| side — chain OOKOBas IENb

31.| to wrap around 00epThIBaTh, yIIAKOBHIBATh

32.| to attach MPUKPEIIISATHCS, TPUCOCTUHATHCS
33.| to regard paccMaTpuBaTh

34.| to vary OTJMYATHCS, U3MEHSIThCS

35.| fibre BOJIOKHO, HATH

36.| to loop NIEPEKPYIUBATH, JIeJaTh METITIO
37.| scaffolding KOCTSK, CTPOUTEIBHBIE Jieca
38.| constriction OTpaHHYCHUE

39.| to condense YIUTIOTHSATHCS, KOHACHCUPOBATH(Cs1)
40.| mitosis MUTO3 (JICJICHHE KIICTKH)

41.| meiosis Melio3

42.| satellite CIIYTHHK (XpOMOCOMBI)

43.| densely IJIOTHO, TYCTO

44.| to distinguish pa3anyarh

45.| spindle CTEPIKCHbB, OCh

46.| apparatus CHUCTEMa, afnmnapar, OpraH

47.| vital ’KU3HEHHO Ba)KHBIH

48.| to maintain MOJIJICPIKUBATh, COXPAHITh
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49.| to seal 3aIevaTbiBaTh, IJIOTHO 3aKPHIBAThH
50.] to liken HAXOJIUTh CXOJACTBO, TPHUPABHUBATH
51.| tip KOHEII, HAKOHCYHHK

52.| to fray IPOTUPATHCS, H3HAIIUBATHCS

53.| to disintegrate pacnagaThCs, PacIIeIIIThCs

54.| circumstance 00CTOSITETTHCTBO

55.| to remove YAQIATh, YHUYTOXKATh

56.| sequence MTOCJIEA0BATEILHOCTD

57.| to suppress MOJIaBJIATh, CIEPKUBATH

58.| somatic TEJICCHBIN

59.| retention YIEPKUBAHUE, COXPAHEHUE

m Your Essential Assignments:

1. Quick check:

1. What is a nucleosome?
2. Centromeres contain no genes. What is their main function?
3. Why have telomeres been compared with the tips of shoelaces?

Il. Suggest Russian equivalents for the following word combinations:

English term Russian equivalent

artificial human chromosome

to treat a genetic disease

basic unit of inheritance

this poses a packaging problem

to be intricately folded

to be wound around

positively charged groups

CX)\IOﬁU'I-bOONI-‘Z
S P D D i e E

side-chains

9. | higher level of folding

10. | to play a vital role

11. | ageing process

12. | cancerous cells

I11. Fill in the gaps with the words and expressions from the text:

1. The artificial chromosome remains ... and functions as ....

2. Chromosomes also contain small amounts of ....

3. Chromosomal DNA ... and ... to protein molecules called histones.
4. The complex formed between ... is called chromatin.
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5. Each DNA molecule ... histones arranged in groups of eight known as
octamers.

6. The DNA and octamers form ... known as ....

7. Centromere appears as ... when the chromosomes condense during mitosis
and meiosis.

8. Centromeres do not contain any ....

1V. Find English equivalents for the following word combinations:

No Russian term English equivalent
XpPOMOCOMAa COCTOUT M3 COTEH WJIU THICAY T'€H

2. |XpOMOCOMBI TaKXe COAepKaT HEOObIIHNe
kosmmuectBa PHK

3. | xpomocomainbras JIHK 3ambicioBaTo
yIaKoBaHa

4. | TeslOMephl XKU3HEHHO WrPaloT BAXKHYIO POJb B
NOJIJIEpKAaHUU CTAOMIBHOCTH XPOMOCOM
M0JIOKEHUE IIEHTPOMEPa

JIEJICHUE KIIETKU

XpOMOCOMa pacaiaeTcs

YKOPauMBaTHCA JI0 ONPEAEIEHHON KPUTHUECKOM
JUTUHBI

9. | mpouecc crapeHus

10. | xpomocoma pacniagaercs

11. | HAKOHEYHUKH IIHYPKOB

12. | mpu HOPMAITBHBIX OOCTOSTENHCTBAX

13. | PHK-conepxarniue dhepMeHTHI

14. | pakoBbI€ KJIETKU

15. | o6mas gmuna JIHK;

16. | 3ameuaTeiBaTh KOHIBI JuHEeHOr0 JIHK

17. | ctpoutenbHbIe OCIIKU.

XN o

V. Answer the following guestions. Use all information given before:

1. What is a nucleosome?

2. Centromeres contain no genes. What is their main function?

3.  Why have telomeres been compared with the tips of shoelaces?

4. What risks might be associated with changing the length of telomeres in
body cells?

5.  What is the total length of DNA in the nucleus of a human cell?

6. What are histones?

7. What happens if the telomeres are removed?
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8.  When and where was the first artificial human chromosome made?
9. How could synthetic chromosomes be used?
10. How is DNA packaged in chromosomes?

V1. Read and translate the short text without a dictionary:
Fact of life:

In February 1997, the first artificial human chromosome was made by Dr
Huntington Willard and his colleagues from the Case Western Reserve
University in Cleveland, Ohio. According to their report, this achievement
should: "... open the door to a whole new avenue of research in chromosome
biology and gene therapy.' A synthetic chromosome containing a specific gene
could be introduced into human cells to treat a genetic disease. The artificial
chromosome remains independent within host cells and functions as an 'extra’
or accessory chromosome.

VII. Food for thought:

In January 1998, a paper in the journal Science explained how telomeres
can be lengthened by introducing a gene for an enzyme called telomerase
reverse transcriptase (hTRT). This enzyme causes cells to produce active
telomerase, the enzyme that repairs telomeres. Suggest how techniques for
manipulating telomere length might be used to treat age-related diseases and
cancers. What risks might be associated with deliberately changing the length
of telomeres in body cells?

VIII. Translate into English using all the active possible:

1. UckyccTBeHHass XpoOMOCOMa OCTAae€TCsi HE3aBUCUMON BHYTPH KJIIETKU
X0351MHA U (PYHKIIMOHUPYET B KAUE€CTBE JOMOTHUTEIHHON XPOMOCOMBI.

1. I'en siBAsieTCS OCHOBHBIM 3B€HOM HACJI€ICTBEHHOCTH.

2. IHK ymakoBbIBaeTCS C TOMOIIBI0 O€IKOB W 00pasyeT CIOXKHYIO
CTPYKTYPY.

3. XpomocomansHas JIHK 3ampicmoBaTo  CKIagpIBaeTcsi HW  TECHO
CBSI3bIBACTCS C OEJNKOBBIMU MOJIEKYJIaMH, HA3bIBAEMbIMH THCTOHAMHU,
KOTOpbIE€ OOTaThl aMUHOKHCIOTAMH JIM3UHOM U/WJTU apTUHUHOM.

4, Drot kKoMmIuieke, oopazoBanHbli Mexy JIHK u ructonamm, Ha3pIBaeTCs
XPOMaTHHOM.

5. OTnenpHbIE XPOMOCOMBI MOTYT OBITh YBHUAEHBI TOJBKO BO BpeMsi
NEJICHUS KJIETKH.
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6. [lonmoxxutenbHO 3apsHKEHHBIE TPYNIBI HAa OOKOBBIX IIETSIX THCTOHOB
00pa3yloT CuibHble (KpPENKHE) HWOHHBIE CBS3U C OTPUIATEIBHO
3apspkeHHbIMUA - QocdaTtHbiMu Tpynmamu B ocHoBanuu JIHK.Kaxnas
XpPOMOCOMAa UMEET IIEHTPOMED, KOTOPHIH OOBIYHO TOSBISAETCS B KAU€CTBE
OTPAHUYEHMS, KOTJIa XPOMOCOMBI YIUIOTHSIFOTCS BO BpEMSl JEJICHUS
KJIETKH (MUTO3a WM M€i103a).

7. llenTpoMepsl KOHTPOJHMPYIOT pacHpeAcieHue XpOMOCOM BO BpeMs
JETICHUS KJIETKH.

8. Temomepsl MOAACPKUBAIOT CTAOMIBLHOCTh XPOMOCOM, 3aKpBIBAasi KOHIIBI
muHerHon JJTHK.

9. Ilporecc cTapeHus CBSI3aH C TOBPEXKIACHUEM TeIOMepa.

IX. Use a monolingual English dictionary and write down what could the
words given below mean:
to treat; host; aid; complex; distribution; vital; to maintain; abnormal.

X. Read the text and render it in English:

CKOJBKO JIET TPOKUBEM?

CKOpO KaXKAbIil JKEJIAIIMKA CMOXKET Y3HATh, CKOJIBKO JIET €My OTITYLIEHO
npupooi. PazpaboTannbliii ncmaniamu tect usmepsier aquuny JJIHK Ha koHIax
XpOMOCOM. OTH YYacTKH, Ha3blBaeMble Tenomepamu, 3amumiaror JJHK ot
noBpexaeHuii. Co BpEMEHEM TEIIOMEPHI CTAHOBATCS CIUIIKOM KOPOTKUMHU, B
pe3yJIbTaT€ 4YEro KIETKa IepecTacT ACIUTHCA W YMHUPAET, YTO YCKOPSET
nporecc crapeHus. Ha ocHoBe 3Toro ObUI clenaH BbIBOJ, YTO JIOAU C
KOPOTKHAMHU TEIIOMEPAMU KUBYT MECHBIIIE.

HccenmenoBarenn CUMTAOT, YTO TECT MOJYYHUT IIUPOKOE PACHPOCTPAHEHUE
B Ommkaitime 5-10 ner u mnomoxker B Oopb0e € pakoM, CepaedyHO-
COCYIUCTHIMU 3a00JIEBaHUSAMHU U 00JIE3HBIO AJbIIreliMepa.

XI. Prepare a short presentation reflecting the following issues:

= discuss the role of telomeres;
» describe the structure and function of centromeres;
= explain how DNA is folded in a chromosome.

m_ Have Some Fun! Biologist Joke!

Enzymes are things invented by biologists that explain things which otherwise
require harder thinking.
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INIT IV. INHERITANCE
Text 4.1. VVariation

m Essential targets:

By the end of this text you should be able to:

edefine the following genetic terms: allele;
homozygous;  heterozygous; dominant;  recessive;
polygenic

edistinguish between genotype and phenotype

edistinguish between continuous variation and
discontinuous variation

eexplain how mutations contribute to variation.

Pre-reading
m Discuss these questions with your partner. Then scan the text quickly to
find the answers.
1. What is variation?
2. What is mutation?
3. Are mutations harmful or beneficial?
4. How do X-rays influence the mutation rate?

Exercise A. Match the words with their definitions:
1. | ultimate A | being the only one of its kind

2. | unique B | aprocess by which two or more things have an
effect on each other and work together

3. | distinguish C | the final and the most important one

4. |source D |the air, water and land in which people, animals
and plants live

5. | feature E | someone's child or children; animal’s baby or
babies

6. |spontaneous |F |how tall someone is

7. |twin G |athing, place, activity that you get something from

8. | offspring H | a part of something that you notice because it

seems important, interesting, or typical

9. | identical | |to be able to recognize and understand the
difference between two similar things or people

10. | environment |J | happening or done without being planned or
organized
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11.| interaction K | one of two children born at the same to the same
mother
12.| height L | exactly the same

m Read and translate the given text and make your essential assignments:

The Earth is inhabited by billions of organisms, every one of which is
unique. Individuals belonging to different species are usually easy to
distinguish; members of the same species may differ only in small ways; but
even clones (such as identical twins) show some subtle differences. The
differences between individuals of the same species are called variation. These
differences may be the result of genetic differences, the influence of the
environment, or a combination of genetic and environmental influences.

Genetic variation

Genetic differences reflect the genotype of
an organism, that is, its genetic make-up. A
diploid organism has two sets of chromosomes
and two forms (alleles) of each particular gene.
These alleles may be the same (the organism is §
homozygous for that gene) or different (the §

different, one of the alleles (the dominant allele)

may mask the other allele (the recessive allele). The dominant allele is
therefore expressed in either the heterozygous or the homozygous condition,
whereas the recessive allele is expressed only in the homozygous condition. If
an organism is haploid (that is, it has only one set of chromosomes), all its
alleles will be expressed and will be reflected in its observable or measurable
characters (the features or traits transmitted from parent to offspring).

Phenotypic variation: continuous and discontinuous

The measurable physical and biochemical characteristics of an organism,
whether observable or not, make up its phenotype. The phenotype results from
the interaction of the genotype and the environment. The genotype determines
the potential of an organism, whereas the environmental factors to which it is
exposed determine to what extent this potential is fulfilled. For example, in
humans the potential height of a person is genetically determined, but a person
cannot reach this height without an adequate diet. Phenotypic variation
(commonly referred to simply as variation) is of two main types: continuous
and discontinuous.

In continuous variation, differences are slight and grade into each other.
Characteristics such as human height and weight show continuous variation,
and are usually determined by a large number of genes (they are polygenic)
and/or considerable environmental influence.
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In discontinuous variation, the differences are discrete (separate) and clear
cut: they do not merge into each other. Discontinuous variations are generally
caused by different alleles of one, two, or only a few genes.

Continuous variations are usually quantitative (they can be measured)
whereas discontinuous variations are qualitative (they tend to be defined
subjectively in descriptive terms). Thus height in humans is a continuous
variation given a value in metres, whereas height in sweet peas is a
discontinuous variation described as 'tall' or 'dwarf.

Mutations: more variation

Genetic variation arises partly from sexual reproduction by a combination
of independent assortment, crossing over, and random fertilisation. However,
these processes merely shuffle the existing pack of genes so that new
combinations are made. The ultimate source of inherited variations is
mutations.

A mutation is a change in the amount or the chemical structure of DNA. If
the information contained within the mutated DNA is expressed (that is,
transcribed into mMRNA and translated into a specific polypeptide chain) it can
cause a change in the characteristics of an individual cell or an organism.
Mutations in the gametes of multicellular organisms can be inherited by
offspring. Mutations of the body cells of multicellular organisms (somatic
mutations) are confined to the body cells derived from the mutated cell; they
are not inherited.

Mutations can happen spontaneously as a result of errors in DNA
replication or errors during cell division, or they can be induced by various
environmental factors (such as certain chemicals, X-rays, and viral infection).
Factors that induce mutations are called mutagens.

Chromosome mutations and gene mutations

Alterations in the number or structure of chromosomes are called
chromosome mutations. Chromosome mutations can happen during mitosis
and meiosis when chromosomes are being condensed and pulled apart.
Homologous chromosomes may fail to separate, resulting in non-disjunction.
Chromosome mutations also occur during interphase when DNA replicates,
and during crossing over when sections of chromosomes are exchanged.

Gene mutations are changes in the nucleotide base sequence in a cistron
(the portion of DNA that makes up a single gene). A change of a single
nucleotide base pair is called a point mutation. There are a number of types of
point mutation, including:

= substitution - the replacement of one nucleotide with another containing

a different base

= deletion - the loss of a nucleotide

= insertion or addition - addition of an extra nucleotide.
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Sickle-cell anaemia is an example of an inherited condition that results
from a substitution. Gene mutations may also result from duplication
(repetition of a portion of a nucleotide sequence within a cistron) and inversion
(reversal of the portion of the nucleotide sequence in the cistron).

Most mutations, if expressed, are harmful. Note, however, that in diploid
organisms such as ourselves, mutations usually result in recessive alleles.
These are expressed only in the homozygous condition unless the mutation is
on the X chromosome. Many mutations result in a change in the shape of a
protein so that the protein cannot function properly (for example, the mutation
that causes sickle-cell anaemia). Mutations that affect large sections of a gene,
and chromosome mutations are often lethal. However, some mutations have no
effect: a mutation may occur in a non-coding part of DNA,; it may produce a
different codon for the same amino acid; or the altered amino acid sequence
may not affect the protein's shape or function. Occasionally, a mutation is
beneficial, changing the phenotype so that an organism has a better chance of
surviving and reproducing. Although beneficial mutations are very rare events,
they are bound to happen sooner or later if there is a large number of
individuals in a population. These mutations are of immense importance
because they are the ultimate source of all variation: the raw material for the
evolution of new species by natural selection.

m Glossary of essential terms for you to know

Ne English term Russian equivalent
1. |variation TeHETUYECKast N3MCHYMBOCTh, My TaIlHsI
2. |source WCTOYHHK, PUIHUHA

3. |ultimate KOHEYHBIH, IPECIbHBINA, OCHOBHO
4. | to inherit HACJIeI0BAThH

5. |[toarise BO3HUKATh

6. | spontaneously CIOHTaHHO, XaOTHYHO

7. |to induce BBI3bIBATh, MOOYKIaTh, IPUIHHSITH
8. | mutagen MyTareH

9. | mustard gas UTIPHT, TOPUUYHBIN ra3

10. | unique YHUKQITLHBINA

11. | to distinguish pa3anyarh

12. | twins OJIM3HEITBI

13. | subtle HE3aMEeTHBIH

14. | make-up COCTaB, KOHCTUTYITUS

15. | to mask MacCKHpPOBAaTh, CKPhIBATH

16. | feature gyepTa, KayeCTBO

17. | trait CBOMCTBO, 0COOEHHOCTh

18. | offspring IIOTOMCTBO
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19. | to fulfill peaM30BHIBATH
20. | to grade into each TIOCTETICHHO TIEPEXO0IUTh OJTHOMY B IPYTOH
other

21. | considerable 3HAYMUTEIbHBIN

22. | to merge CJIMBATHCS

23. | quantitative KOJIUYCCTBEHHBIN

24. | qualitative KaueCTBEHHBIN

25. | subjective CYObEKTHBHBIN, HHIUBUIYTbHBIHI

26. | descriptive OIKCaTEIIbHBIN

27. | dwarf KapJIUKOBBIN

28. | discontinuous IIPEPHIBUCTBIN, IPEPHIBAIOIHICS

29. | assortment Habop, BEIOOP, ACCOPTUMEHT

30. | to cross over NePEX0IUTh, IEPEKPEIIUBATHCS

31. | random CITy4aHbIN, MPOU3BOJILHBIN, OECITOPSTOYHBIMI

32. | fertilization OILJIOIOTBOPEHHE, OTBLICHHE

33. | shuffle IIEPEMEIINBATD, IICPETACOBLIBAThH

34. | to affect HETaTUBHO BO3JICHCTBOBATH, MIOPAKATh

35. | to transcribe 3aIlMChIBATh, BOCIIPOU3BOIUTh

36. | to confine 3aTOYUTh, JIEPIKATh B3aNlePTH, OTPAaHIUYNBATH

37. | to derive HACJICJ0BATh, IIPOUCXOJIUTh, ITOJIYYaTh

38. | viral BUPYCHBIH

39. | alteration M3MEHEHHE

40. | to condense KOHJICHCHPOBATHCS

41. | to put apart pa3pbIBaTh HA YaCTU (KYCKH), pa3IupaTh

42. | disjunction pa3beIMHECHHE, OTIACICHIE

43. | to replicate PEIUTHIIMPOBATH, BOCIIPOM3BOAUTHCS ITyTEM
KJICTOYHOT'O JCICHMS

44. | substitution 3aMeIeHne

45. | deletion nenenus (ynajaeHUe WK yTpaTa 4acTh
TeHETUYECKOTO MaTeprajia XpOMOCOMBI),
CTHpaHHE

46. | sequence [MOCJIEI0BATEIILHOCTD

47. | cistron IUCTPOH

48. | inversion uHBepcus (reHoB), (B3aMMHas IEPECTAHOBKA)

49. | reversal MOJTHAs TIepEeCTaHOBKA

50. | lethal CMEPTEIbHBIN, JIETAIbHBIH

51. | codon KOJIOH

52. | to be bound to happen | o6si3aTeNbHO CITy9aThCsl, MPOUCXOIUTD

53. | immense OTPOMHBIH, KOJIOCCATbHBIH

54. | insertion WHCEepIs (BCTpanBaHUE

T€HETUYECKOT03JIEMEHTA B XPOMOCOMY)
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55,

sickle-cell anemia

CEpIIOBHUIHOKJIETOUHAS aHEMUS
(HaciecTBEHHAs! 00JIE3Hb, IPEUMYILECTBEHHO
apo-aMepUKaHIICB)

m Your Essential Assignments

1.Quick check

1. What is a mutagen? Give one example.
2. Distinguish between the genotype and the phenotype of an organism.
3. If a diploid organism has two different alleles for the same gene, is it

homozygous or heterozygous?

4. Is weight in humans an example of continuous variation or discontinuous
variation?

1. Using a monolingual English dictionary define the following genetic

terms:
allele; homozygous; heterozygous; dominant; recessive; polygenic.

I11. Find Russian equivalents to the following word combinations:

e

English term Russian equivalent

inherited variation

spontaneous mutations

recessive form

to be easy to distinguish

subtle differences

genetic make-up

observable or measurable traits

human height and weight

© XN 0~ Wi -

differences grade into each other

considerable environmental influence

. | to arise partly

multicellular organisms

. | to induce mutations

base sequence

. | to result from

.| toresultin

beneficial mutation

natural selection

. | to be of immense importance
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IV. Fill in the gaps with the words and expressions from the text:

1. Mutations can either ... spontaneously or ... by agents called
mutagens.

2. Mutations are usually thought of as ... and they often are.

3. Occasionally, a mutation is ..., changing the phenotype so that an
organism has a better chance of ... and ....

4. Genetic differences reflect... of an organism, that is, its genetic ....

5. Mutations that affect large sections of a gene and chromosome
mutations are often ....

6. Although beneficial mutations are ..., they are found to happen sooner
or later if there is a large ... in a population.

7. A mutation is ... in the amount or the chemical structure of DNA.

8. The genotype determines the ... of an organism, whereas the
environmental factors to which it is exposed determine to ....

9. In continuous variations, differences are ....

I. 10.In discontinuous variations, the differences are ....

V. Find English equivalents to the following word combinations:

No Russian term English equivalent

1. | BO3HMKATH CIIOHTAHHO

2. | ypOBEHb CIIOHTAHHBIX MyTaIlui
BapbHpyeT

3. | OKa3bIBaTh HETAaTUBHOE BO3IEHCTBHUE

4, | no3a paguanuu

5. | 4JIeHBI OAHOr0 BUIA

6. | BIUSHHE OKPYKAIOMIEH CpeJIbl

7. | BUOZUMBIC WU U3MEPSCMbIC
XapaKTePUCTUKH

8. | B3auMoOJeicTBUE T€HOTHUIIA U

OKPY’KaroIEH Cpebl

9. | cymecTByromnmii HAOOp TEHOB

10. | OBITH pe3yIBTATOM 3aMEIIICHUSI

11. | mopaxath 0oibIIME HAOOPHI TEHOB

12. HYKJIICOTHAHAS ITOCJICA0BATCIIbHOCTD

13. | pyHKIMOHMPOBATH HYKHBIM 00pa3oM

14. | He3HAYNTENBbHBIC PA3ITHUMS
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V1. Answer the following guestions. Use all information given before.

1. If adiploid organism has two different alleles for the same gene, is it
homozygous or heterozygous?

2. What is the difference between the genotype and the phenotype of an
organism?

3. Is weight in humans an example of continuous variations or
discontinuous variations?

4. What is a mutagen?

5. Are mutations harmful or beneficial?

6. What is variation and what does it result from?

7. Could you give an example of gene mutations?

8. Why are beneficial mutations of immense importance?

9.  When do chromosome mutations happen?

10. What is a haploid organism?

VIIl. Read and translate the short text without any dictionary:

Fact of life:

Mutations (changes in DNA) are the ultimate source of inherited variation.
They can either arise spontaneously or be induced by agents called mutagens
(such as X-rays, mustard gas, or ultraviolet radiation). The rate of spontaneous
mutations varies for different genes and in different organisms. Each human
gene has about a one in 100 000 chance of mutating. Mutations are usually
thought of as harmful, and they often are. However, because we have so many
genes, even the healthiest of us probably have at least a few spontaneously
mutated genes hidden in the recessive form which do not affect us. X-rays and
other mutagens increase the mutation rate, and the higher the dosage of
radiation, the higher the rate of mutation.

VIII. Food for thought:

Twins (pairs of children born at the same time) may be dizygotic or
monozygotic.

Each dizygotic or non-identical twin develops from a different egg and
may be of a different sex. Monozygotic twins or identical twins develop from
one egg and contain identical genetic information; they are always of the same
sex. Suggest how the study of twins may be used to distinguish between the
effects of inheritance and environmental factors on the variations of an
individual character.
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IX.Translate into English using all the active possible:

1. Myranuu — 3TO OCHOBHAasi NMPUYMHA HACJEJCTBEHHBIX T'€HETUYECKUX
M3MEHECHUU.

2. Kaxnaplil uemoBeuecKuil reH uMmeeT maHc MyTtuponath kak 1 k 100000.

3. PeHTreHoBckue Jy4yd W JpYyrue MyTareHbl YBEJIWYUBAIOT YPOBEHD
MYTHUPOBAHHMS U YEM BBILIE 1032 PAJUALINH, TEM BbIIIE YPOBEHh MYTHPOBAHUS.

4. BoJBIIMHCTBO BBIPAXKEHHBIX MyTaIlUi BPEIHBI.

5. OnHako, Ciy4yalHO MYTallMu OBIBAIOT MOJIE3HBIMHU, MEHsSL (DEHOTHUI
TakuM o0O0pa3oM, 4YTO OpraHuM3M HMeEeT OOJIblll€ IIAHCOB BBDKUBATh U
BOCIIPOU3BOIUTHCS.

6. Pazmuuus Mexmay 0coOsSIMH OJHOTO BHA HA3bIBAIOTCS TCHETHUECKOU
U3MEHYUBOCTHIO.

7. U3mepsiemble (¢u3MUYeCKHUe U OMOXMMHUYECKHE XapaKTEPUCTUKU
opraHusma, OyAy4yu BUJIUMBIMU UK HET, COCTABJISIIOT €ro PeHOTHII.

8. XapakTepuCTHUKH, TaKHE KaK YEJIOBEUECKHN POCT M BEC, MOKA3bIBAIOT
HEMPEPHIBHYI0 M3MEHYUBOCTb, U OHU OOBIYHO OMPEAECHSIOTCS OOJIBIINM
Ha0OpPOM T'€HOB U OIIYTUMBIM (3aMETHBIM) BIUSHUEM OKPYKAIOIIECH CPEJIbl.

9. T'eHoTuII ompeaesnsaeT MOTEHIIUANl OpTaHu3Ma, B TO BpeMs Kak (haKTOPHI
OKpY>Karollel cpeapl, B KOTOPOMl OH CYIIECTBYET, OINPEIECISAIOT, N0 KaKOu
CTENEHU ATOT MOTEHIIMAJ OyIEeT peaiu30BaH.

10. MyTarust — 3To U3MEHeHHe B KojinuecTBe uin ctpykrype JJHK.

11. MyTauui MOTYT MPOUCXOJUTH CIOHTAHHO WM OBITh BBI3BaHbBI
(dakTOpamMu OKpyXkarolieil cpeapl (XMMUYECKHUE Mpernaparbl, PEHTIEHOBCKUE
Jy4d, BUPYCHasi UHPEKIUA).

12. MHOTHE MyTaluu BBIPAXKAOTCA B W3MeHEeHWH (opMbI Oenka, 9To
MPUBOJIUT K €r0 HEMPaBUIbHOMY (DYHKIIMOHUPOBAHUIO.

13. MyTtaumu, KOTOpbIE TMOpakaroT OOJBIIME CEKTOpPbl TE€HOB, U
XPOMOCOMAJIbHBIE MYTAllMX YACTO SIBJISIFOTCSI CMEPTEIbHBIMH.

14. Onnako, moJie3HbIE MYTallUU SIBJISIIOTCS CHIPHEBBIM MaTe€pUajoM s
ABOJIIOIIMM HOBBIX BHJIOB ITYTEM ECTECTBEHHOW CENEKIMU (E€CTECTBEHHOTO
oTOOpA).

X. Meet essential targets reflecting the following issues:

1. Define the following genetic terms: allele; homozygous; heterozygous;
dominant; recessive; polygenic

2. Distinguish between genotype and phenotype

3. Distinguish between continuous variation and discontinuous variation

4. Explain how mutations contribute to variation.
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Text 4.2. Down's Syndrome And Genetic Screening

\;( )‘ “ “ “ m Essential targets:
ol . s By the end of this text you should be able to
I 1R T LA eexplain how Down’s syndrome arises;
IR TINY won ecompare t_he main fe_atu.res of amniocentesis
mooW s s o | and chorionic villus sampling;
You CTON %e ediscuss the role of a genetic counselor.
Pre-reading

m Try and answer the following questions. Then check your answers
by reading the text.

1. What do you know about Down’s syndrome?

2. Who and what is the syndrome named after?

3. What do children with Down’s syndrome look like?

Exercise A. Match the words with their definitions:
1. | disability A. |afault or a lack of something that means that
something is not perfect

2. | disease B. | asmall part or amount of something that is
examined in order to find out something about the
whole

3. |defect C. | happening or done without being planned or
organized

4. |toprevent |D. |toreceive money, property etc. from someone after
they have died

5. |to inherit E. | the final result of a meeting, discussion, war etc.,
especially when no one knows what it will be until
it actually happens

6. |toobserve |F. |to stop something from happening or stop someone
from doing something

~

sample the act of ending something or the end of something

I|®

8. | spontaneous to and notice something; to watch something or

someone carefully

9. |outcome a physical problem that makes someone unable to

use a part of their body properly

10. | termination |J. |an illness or unhealthy condition in your body,
especially one caused by infection
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m Read the given text and make your essential assignments:

Down's syndrome: trisomy 21

Down's syndrome is the most common single
cause of learning disability in children of school age.
Children with the syndrome typically have a round, flat
face, and eyelids that appear to slant upwards. In
e addition to some learning disability, they also have an
increased risk of infection (particularly respiratory and
ear infections), and heart defects occur in about one-quarter of those with the
syndrome.

The syndrome is named after John Langdon Down, a nineteenth century
doctor who first described the condition in 1866. In 1959, the French physician
Lejeune used chromosome-staining techniques to show that Down's syndrome
Is caused by an extra chromosome 21. Having one extra chromosome is known
as trisomy, hence Down's syndrome is also known as trisomy 21. The extra
chromosome usually comes from the egg cell due to non-disjunction of
chromosome 21. About 70% of the non-disjunctions occur during meiosis I,
when homologous chromosomes fail to separate; 30% occur during meiosis I,
when sister chromatids fail to separate. Whether it occurs during meiosis | or
meiosis Il, non-disjunction leads to trisomy. In a few cases, the extra
chromosome comes the father.

In about 3% of cases, Down's syndrome results from translocation of an
extra chromosome 21. A region of the chromosome breaks off and rejoins with
either the end of the other chromosome 21 or with another non-homologous
chromosome (commonly chromosome 15). In these cases, a person may have
the normal number of chromosomes, but one of the chromosomes will be
abnormally long.

Genetic screening: amniocentesis and chorionic villus sampling

Because of the high risk of Down's syndrome among the babies of older
mothers, in the UK mothers over the age of 35 years are usually offered free
genetic screening by the National Health Service. Genetic screening refers to
procedures used to examine an individual for the presence of a genetic disease
or disorder. The most widely available genetic screening procedure for Down's
syndrome is amniocentesis.

Amniocentesis is usually carried out at 15-16 weeks of pregnancy. It
involves passing a very fine needle into the uterus, observed with an ultrasound
image, and withdrawing a sample of amniotic fluid containing fetal cells. The
karyotype of the fetal cells is then analysed to test for Down's syndrome. The
fetal cells can also be cultured in a suitable medium in a laboratory so that
further tests, such as DNA analysis, can be carried out.

Ralutive Mathylation Ratio
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Amniocentesis is performed under local anaesthetic and most women do
not find it too uncomfortable. However, there is a 0.5-1 per cent risk of
spontaneous miscarriage after the procedure. Therefore, amniocentesis is
usually recommended only for those at high risk of carrying a Down's baby-In
the 1970s, chorionic villus sampling (CVS) was developed in China. In CVS, a
sample of cells is taken from the chorionic villus (small finger-like processes
which grow from the embryo into the mothers uterus). The sample is obtained
either by inserting a needle through the abdomen, or inserting a catheter. The
fetal cells in the sample can then be analysed in the same way as for
amniocentesis.

CVS can be carried out between week 8 and week 12 of pregnancy. If the
test shows the fetus has Down's syndrome, a decision about abortion can be
made earlier than with amniocentesis. Early abortions are usually less difficult,
both physically and mentally, than later abortions. However, a higher risk of
miscarriage is associated with CVS than with amniocentesis.

Until recently, a mother's age was the only factor available to assess the
risk for Down's syndrome. Now biochemical markers are being discovered for
the condition. For example, women with a high risk of Down's syndrome
pregnancies tend to have about twice as much chorionic gonadotrophin (a sex
hormone produced in placenta cells) in their blood serum as women with
normal pregnancies. Tests for these biochemical markers cannot show the
presence of a Down's baby, but they can be used in conjunction with the
mother's age to predict the probable risk of having a baby with Down's
syndrome. If the risk is high, the mother can then decide whether to have an
amniocentesis or CVS.

Genetic counselling

Genetic screening should be followed by genetic counselling, the giving
of advice and information about the risks of a genetic disease and its outcome.
Counselling is a very challenging task. Counsellors must have a good
understanding of medical genetics and need to be well trained in sympathetic
counselling techniques. They must give information which helps clients come
to their own decision rather than imposing their own views on the clients.
Clients should be made aware that the features of Down's syndrome vary
widely. The condition often results in individuals with severe mental disability
who require a great deal of support, but many people with Down's syndrome
lead independent, long, and fulfilling lives, and they are often very loving
individuals. It should not be assumed that mothers carrying a fetus with
Down's syndrome would automatically opt for termination of pregnancy.
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m Glossary of essential terms for you to know

Ne English term Russian equivalent

1. |overall o0mmiA

2. | frequency YaCTOTHOCTb, MOBTOPSIEMOCTh

3. advance IIOCTHKEHUE

4, | preventative PO UITAKTUIECKHIMI

5. |eyelid BEKO

6. |toslant OTKJIOHATBCS

7. | upwards BBEPX, BHIIIIEC

8. | condition COCTOSTHUE (37I0POBbS)

9. | staining OKpAaIIMBAIOIINN

10. | hence CJIIE€I0BATEILHO, OTCIOAA

11. | disjunction pa3beIMHEHHE, PACUICHCHHE

12. | to break off OTPBIBAThCS, PEPHIBATHCS

143. | to rejoin PUCOCTUHUTH(CSI) BHOBD

14. | screening oTOOp, MpOBEpKa, 0OCIETOBAHNE

15. | villus BOpPCHHKA

16. | sampling 0T00p, B3sTHE MTPOO

17. | disorder paccTpoMcTBO

18. |to involve BKJTIOYATh

19. | uterus MaTKa

20. | to withdraw 3a0uparhb

21. | amniotic fluid OKOJIOIJIOAHBIE BOJBI, aMHUOTHYECKAS
KHUJIKOCTD

22. | karyotype KapuOTHUI (XPOMOCOMHBIN KOMILJIEKC)

23. | to culture BBICEBaTh, KyJIbTUBUPOBATh

24. | miscarriage BBIKHIBITIT

25. | process OTPOCTOK, IPHIATOK

26. |to assess OIICHUBATH, 1aBATh OICHKY

27. | marker WHIUKATOP

28. | gonadotrophin TOHAJIOTPOITHBIA TOPMOH

29. | serum CBIBOPOTKA

30. | in conjunction with | B coueranuu ¢, COBMECTHO

31. |to counsel COBETOBATh, KOHCYJIbTUPOBATh

32. | outcome pe3yJIbTaT, MOCISCTBUS

33. | challenging TPeOYIONTUI HAPSHKEHUS, UCTIBITHIBAIOIIUI

34. | sympathetic TIOJTHBIN COUYBCTBUSI, OJIaro)KenaTeIbHbIN

35. | to impose on HaBSI3bIBATH

36. | aware CO3HAIONIHH, TOATOTOBICHHBIN

37. |severe TSIKEIBIN, CYPOBBIN, CUIIBHBIN, CEPbE3HBIN
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38. | torequire TpeOOBATH

39. | fulfilling COOTBETCTBYIOIIHI

40. |to assume JOTYCKaTh, IPEANOararh
41. | fetus TUIOJT

42. |to opt JienaTh BIOOP, BEIOMPATh
43. | termination MpeKpaIieHnue

44, | trisomy TPUCOMUS

465. | chorionic XOPHUOHHBIN

46. | fetal SMOPHUOHATBHBIN

m Your Essential Assignments
1. Quick check

1. What is non-disjunction?

2. Compare amniocentesis and chorionic villus sampling with respect to:
A) When they can be carried out.
B) The risk of inducing a miscarriage.

3. Name one biochemical marker which can help genetic counselor assess
the risk of Down’s syndrome for a client.

11. Find the missing words:

Verb Noun Adjective
increase
prevention
risky

inherit

performance

decisive
analysis

111.Use a monolingual English dictionary and give the definitions of the
following words:

frequency; range; common; disorder; sympathetic; support.

IV. Suggest Russian equivalents for the following word combinations:
Ne English term Russian equivalent

1. | throughout the world

2. | overall frequency
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preventative medicine

inherited diseases;

learning disability

genetic screening

challenging task

sympathetic counselling techniques

imposing their own views on the clients

B|©|®0 NS 0~ W

0. | great deal of support

V. Fill in the gaps with the words and expressions from the text:

1. Advances in DNA technology have brought ...in preventive medicine.

2. We can now ... a large range of inherited diseases before birth.

3. In addition to some learning disability they also have ....

4. The syndrome is named after John Langdon Down, ...who first
described the condition in 1866.

5. Down’s syndrome is caused by ....

6. Because of the high risk of Down’s syndrome among the babies of
older mothers, in the UK mothers over the age of 35 years are usually
offered ....

7. Genetic screening should be followed by genetic counseling? The
giving of advice and information about ....

8. Counselling is ....

9. They must give information which helps clients ... rather than ....

10. It should not be assumed that mothers carrying a fetus with Down’s
syndrome would ....

V1. Find English equivalents for the following word combinations:

Ne Russian term English equivalent
noctrkeHus B TexHosiorun JJHK
2. | OOJBIION CIIEKTP HACIEACTBEHHBIX
3a00J1€BaHU I

MTOBBIIIEHHBIA PUCK

yIIHbIE 3200J1€BaHUS

5. | OecmiaTHOE T€HETUYECKOE
oOclieloBaHNE

6. | momxopsmmas cpena

7. | 1 pu3MYECKH, U MOPAILHO

8. | TexHoMOTHS (METOIMKA)
JPYKEIFOOHON KOHCYJIbTAIIUU

9. | cepbE3Has yMCTBEHHAs OTCTAJIOCTh

w

B
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10. | mpepriBaHHMEe OEpPEMEHHOCTU

V1. Answer the following questions. Use all information given before.

1. What is non-disjunction?

2. How do you think society should treat parents who choose to bring into
the world a child with a genetic disorder?

3. Who or what is the syndrome named after?

4. What do children with Down’s syndrome look like?

5. When can amniocentesis and chorionic villus sampling be carried out?

6. Could you compare amniocentesis and CVS with respect to the risk of
inducing a miscarriage?

7. What is Down’s syndrome caused by?

8. What is a biochemical marker which can help a genetic counselor assess
the risk of Down’s syndrome for a client?

9. What is genetic counseling like?

VI1II. Read and translate the short text without any dictionary:

Fact of life:

Throughout the world, the overall frequency of Down's syndrome is about
three per 2000 births. The risk increases with the age of the mother. For
mothers aged 20 years, one in 2000 babies has Down's syndrome; one in 900
for those aged 30 years; one in 100 for those aged 40 years; and one in 40 for
those aged 45 years.

Advances in DNA technology have brought a new era in preventative
medicine. We can now detect a large range of inherited diseases before birth,
one of the most common of which is Down's syndrome.

1X. FEood for thought:

Modern genetics is making it much easier to detect genetic disorders and to
screen potential parents, fetuses, and babies. Suggest what benefits and
problems might be associated with large-scale genetic screening. How do you
think society should deal with parents who choose to proceed with a pregnancy
likely to bring into the world a child who has a genetic disorder?
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X. Translate into English using all the active possible:

1. Ilo Bcemy mupy BeposSTHOCTh cuHapoma Jlayna paBHa 3 u3z 2000
POXKICHHBIX.

2. Puck Bo3pacrtaer ¢ BO3pacTOM MaTepHu.

3. Hetu ¢ cunnpomom [layHa OOBIYHO MMEIOT KPYTIIOE IJIOCKOE JIUIIO C
IIMPOKO MOCAKEHHBIMHU IJ1a3aMHU.

4. B nomnosiHeHHE K HECTOCOOHOCTH K OOYUYEHHIO OHU TaK)KE€ MOIBEPKEHBI
MOBBIIIEHHOMY PUCKY UH(PUIHPOBAHUSA (OCOOCHHO pEeCHUPATOPHBIE U YIIHBIE
MH(]EKINH), © KPOME TOTO CepJieuHble 3a00J€BaHUs CIY4YalOTCS y KaXIOro
YEeTBEPTOro ¢ CHHApoMoM JlayHa.

5. U3-3a BbICOKOTO pHCKa cuHApoMa JlayHa y HOBOPOXJIECHHBIX B
CoenuHEHHOM KOpOJIEBCTBE MaTepsiM crapiie 35 JeT OObIYHO MpeaJiaraercs
OecrulaTHOEe TeHETHYecKoe 0O0clieJoBaHue, MPOBOJMMOE TOCY/IapCTBEHHOU
MEJIUIIMHCKOM CITYKOO0i.

6. [locne reHeTnyeckoro oOCIEIOBaHUS MPOBOAUTCS T'eHETHUECKAs
KOHCYJbTals1, KOTOpasi AaeT COBEThI U MPEIOCTaBIsIET HH(HOPMALUIO O PUCKE
T€HETUYECKOT0 3a00JI€BaHUs U €T0 MOCIEACTBUSX.

7. KoHCynbTHpOBaHUE ABIISIETCSI OUEHb HEMPOCTOM 3a7aueil.

8. 8.KoHcynbTaHThI AOJIKHBI UMETh XOpOIlee MOHUMAHUE METUIIMHCKOM
FeHETUKU W JIOJDKHBI  BJAQJ€Th  METOAMKON  OJIaroKeiaTelbHOro
KOHCYJIbTUPOBaHUSI.

9. OHu nOmKHBI JaBaTh HHGOPMAIUIO, KOTOPask MOXKET OMOYb KIIMEHTaM
MPUHSTH COOCTBEHHOE PEIIEHNE, BMECTO HaBA3bIBAHUS KJIMEHTAM CBOEH TOUKHU
3pEHUH.

10. Cnemyer noBecTH 1O KIMEHTOB, YTO MpU3HAKW cuHApoma JlayHa
BAPBUPYIOT IIUPOKO.

11. 3a0oneBaHre 4acTO MPUBOJUT K CHIIBHOW YMCTBEHHOM OTCTalOCTH,
KoTopasi TpedyeT Oonbiioi 3a00Thl. Ho Hapsamy ¢ 3TuUM, MHOTHE JIOIU C
cuHIpoMOM JlayHa NPOXKHMBAIOT MOJTYH0, HE3aBUCHUMYK) W ITOJTHOLEHHYIO
KU3Hb, U YACTO 3TH JIFOJIU OBIBAIOT OYEHB JHOOSIUMHU.

XI1. Meet essential targets reflecting the following issues:

1. Explain how Down's syndrome arises

2. Compare the main features of amniocentesis and chorionic villus
sampling

3. Discuss the role of a genetic counselor.
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UNIT V. NERVOUS AND HORMONAL COORDINATION

Text 5.1. Nerves And Hormones

m Essential targets:

By the end of this spread you should be able to:

eexplain how information is transferred in a
multicellular animal

ecompare nervous systems with endocrine
systems.

Pre-reading
mTalk about the following two questions with your partner. Then scan
the text to compare your ideas with the author's.

1. What do you know about nerves™ functions in human body?
2. Inyour opinion why is hormonal balance so important for humans?

m Read the given text and make your essential assignments:

Sensitivity: responding to stimuli

All living organisms must be able to detect changes in their environment
and respond appropriately. Changes in the environment are called stimuli
(singular: stimulus). A stimulus may be in either the external environment
(outside the organism) or the internal environment (inside the organism).
Sensitivity, the ability to respond appropriately to stimuli, is one of the
characteristic features of life. Each organism has its own specific type of
sensitivity that improves its chances of survival. A single-celled amoeba, for
example, can move away from a harmful stimulus such as very bright light,
and move towards a favourable stimulus such as food molecules, but it can
only distinguish between a limited number of different stimuli.

In an amoeba, the detection of the stimulus and the response to the
stimulus must both take place in a single cell. However, in large multicellular
animals such as mammals, stimuli are detected in sense organs, and organs that
respond are called effectors. The sense organs and effectors may be in quite
different parts of the body. In addition, responses usually involve the
coordinated actions of many different parts of the body. To achieve this
coordination, one part of the body must be able to pass information to another
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part. In mammals, there are two major systems that convey information: the
nervous system and the endocrine (hormonal) system.

The nervous system

Nervous systems range from the simple nerve nets of jellyfish and sea
anemones, which have no brain and relatively few interconnections, to the
nervous system of humans, with brains of staggering complexity. The human
brain contains many millions of cells, each of which may communicate with
thousands of other nerve cells. Their interconnections form circuits which
enable us to control our muscles, think, remember, and even study our own
brains.

All the various animal nervous systems are fast-acting communication
systems containing nerve cells, neurones, which convey information in the
form of nerve impulses (electrochemical changes). Neurones take various
forms but each has a cell body, containing a nucleus, and nerve fibres, long
extensions that transmit nerve impulses rapidly from one part of the body to
another. Fibres carrying impulses away from the cell body are called axons;
those carrying impulses towards the cell body are called dendrons. Apart from
the main nerve fibre, there may be small dendrons (dendrites) extending from
the cell body.

In mammals, sensory neurones carry messages from peripheral sense
organs to a central nervous system (CNS) consisting of the brain and spinal
cord. The CNS acts as an integration centre and processes information from
many sources. Motor neurones convey instructions from the CNS to effector
organs (mainly muscles and glands).

A mammalian motor neurone can convey information rapidly over
considerable distances; for example, a single nerve impulse may be transmitted
from the spinal cord to the feet in a few milliseconds. These fast-conducting
neurones are enclosed along most of their length by a thick insulating material
called the myelin sheath. The myelin sheath is produced by special supporting
cells called Schwann cells. The sheath is essentially a series of cell
membranes, each produced by a Schwann cell and wrapped many times around
the axon. Gaps between the membranes of each Schwann cell, called the nodes
of Ranvier, are the key to the fast transmission of nerve impulses.

Fast transmission enables mammals to respond almost instantaneously to
stimuli. Nerve impulses can be directed along the nerve fibres to specific
points in the body so that responses can be very localised.
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The endocrine system

Typically, the nervous system is adapted to convey messages rapidly
between specific locations so that quick responses can be made. In contrast,
the endocrine system is adapted to carry information from one source to many
destinations to bring about long-lasting responses.

The endocrine system consists of a number of glands that secrete
hormones (organic chemicals, usually proteins or steroids). The glands of the
endocrine system are called endocrine glands or ductless glands because they
secrete their hormones directly into the bloodstream. Once inside a blood
vessel, a hormone is carried in the bloodstream so that it can reach almost any
cell in the body. However, each hormone has its own target cells on which it
acts. Therefore, although all the hormones are transported together in the
bloodstream, each has its own specific effect on the body. In some cases, a
target cell has specific receptor molecules on its cell surface membrane which
bind the hormone molecule. Once bound onto the membrane, the hormone
brings about its response.

Endocrine glands occur at strategic points around the body. Their
hormones regulate a wide range of activities, including blood glucose
concentration, gastric secretion, heart rate, metabolism, growth rate,
reproduction, and water balance.

m Glossary of essential terms for vou to know

N | English term Russian equivalent

1. | stimulus 30. pa3pPaKUTENb

2. | single-celled OJTHOKJICTOYHBIH

3. | multicellular MHOTOKJICTOYHBIN

4. | effector HEPBHOEC OKOHYAHHE; 3P DHEKTOp

5. | mammals MJICKOTTUTAFOIIIAC

6. | favourable OJaronpusSTHBIN

7. | sense organs OpTaHbl YyBCTB

8. |relatively OTHOCHUTEILHO; JOBOJBEHO

9. | spinal cord CIIMHHOH MO3T

10. | characteristic features OTJIUYHTEIbHBIC TPU3HAKH; XapaKTEePHBIC
YepThI

11. | to transmit nerve impulses | mepenaBaTh HEPBHBIC HMITYJIbCHI

12. | the myelin sheath MUEIMHOBAasE 000JI0YKa

13. | ductless glands JKeJle3pl BHYTPEHHEH CeKpelun

14. | bloodstream KPOBOTOK
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15. | blood vessel KPOBEHOCHBIN COCYT

16. | heart rate MyJibC (4acToTa CepAIlcOnEHUI )
17. | to respond to stimuli pearupoBaTh Ha pa3IpakKUTeIN
18. | cranial nerve YepemHO-MO3TOBOM HEPB

19. | to process information oOpabarbeIBaTh HHPOPMAITHIO
20. | to enclose OKPYXaTh; OKANMJIIATh

21. | insulating material U30JIUPYIOIINI MaTeprat

22. | gastric secretion KEITyIOYHAsT CEKPEIIUs

m Your Essential Assignments
I. Quick check

1. What is an axon?

2. In what form is information conveyed in:
a) the nervous system

b) the endocrine system?

11. Using monolingual English dictionary write down what the words
below mean:
The nodes of Ranvier, proteins, muscle, reproduction.

I11. Match the words with their definitions:

Words Definitions
1. neurones a) the ability to respond appropriately to stimuli
2. stimuli b) fibres carrying impulses away from the cell body
3. axons c) nerve cells which convey information in the form of nerve
impulses
4. schwann cells | d) fibres carrying impulses towards the cell body
5. dendrons f) a thing that produces a reaction in living things
6. sensitivity g) special supporting cells which produce the myelin sheath

I\VV. Match words in A with words in B to form word combinations.

Make up sentences with them.

A B
1. favourable appropriately
2. Nervous information
3. to process stimulus
4. motor material
5. target balance
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6. water system

7. to respond neurones

8. considerable environment
9. insulating cell

10. external distances

V. Translate into English using all the active possible:

1. XKenesnl BHYTPEHHEUN CEeKpenuu BBLICIISAIOT TOPMOHBI
HEMOCPEACTBEHHO B KPOBOTOK.

2. DHIOKPUHHAS CHCTEMa COCTOHWT W3 HEKOTOPOTO KOJWYECTBA JKele3,
KOTOPBIE BBIJEISIOT TOPMOHBL.

3. Peaknuum Ha pazgpaxuTend OOBIYHO MPEAIONIAraloT COTJIACOBAHHBIE
NEUCTBUS PA3JIMYHBIX YaCTEN Tela.

4. llenTpanpHas HEpBHas CHCTEMa WIpaeT pPOJIb HHTETPAIMOHHOTO
IIeHTpa U 00padaTpiBaeT HHGOPMAITUIO U3 MHOTHX UCTOYHUKOB.

5. Kaxaplil ;kMBOM OpraHU3M UMEET CBOUM TUI YyBCTBUTEIHHOCTHU.

6. T'opMOHBI peryJMpyIOT TaKWe MPOIECCHl KaK 4acToTa CepArcOneHU,
MeTa00IU3M, KEITYI0UHAsL CEKPEIUS U JIp.

7. Oprasbl 9yBCTB 1 3PHEKTOPHI HAXOIATCS B Pa3HBIX YaCTAX Teja.

8. HepBHas cucrema MIIEKONIUTAIOIIUX CIIOXKHEE, YeM HEpBHas CHCTEMa
OJHOKJIETOUYHBIX OPTraHU3MOB.

9. Heiiponsl nnepenaroT nHGopmaiuio B GopMe HEPBHBIX UMITYJIHCOB.

10. KonnienTparusi TJIFOKO3BI B KPOBH PETYIUPYETCS DSHIOKPUHHOU
CHUCTEMOHM.

V1. Fill in the gaps with the words and expressions from the text:

1. Nervoussystems  the simple nerve nets to the nerve system
of humans.

2. The endocrine system _____anumber of glands.

3. Endocrineglands  strategic points ___ the body.

4, The CNS __ anintegration centre and processes information
from many sources.

5. In large multicellular animals _  mammals, stimuli are
detected in sense organs.

6. In mammals, there are two __ systems that convey information: the

nervous system and the endocrine system.
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7. __ _ the main nerve fibre, there may be small dendrons
(dendrites) extending from the cell body.

8. Sensitivity, the ability to respond appropriately to stimuli, is one of
the oflife.

9. All living organisms must be able to _ changes in their
environment and respond .

10. Responses usually — the coordinated actions of many different
parts of the body.

VII. Answer the following guestions. Use all information given before.

1. What is sensitivity?

2. What do all animal nervous systems consist of?

3. Why are ductless glands called so?

4. What is the difference between sense organs and effectors?

5. What is CNS? What does it consist of?

6. What are two major systems that convey information in mammals?

VI

Il. Find English equivalents to the following word combinations

and make up sentences with them:

Z

Russian term English
equivalent

IJIaBHBIM 00pa3oM, B OCHOBHOM

Inepcaada HECPBHLIX UMITYJIbLCOB

COCTOSTh U3 YEro-au0do

HaXOIUTHCS r'ae-Iu00

’KeJie3bl BHYTPEHHEH CeKperuun

BBIACIIAITH TOPMOHBI

HCPBHBLIC BOJIOKHA

nepenaBaTh HHPOPMAIIUIO

OO N W N

MO3I' YCJIOBCKA

[HEN
©

coAepkaTb, 3aKIr0UaTh (B ceoe)

[HEN
=

pe€arupoBaTrb COOTBETCTBCHHO, 1OJI2KHBIM 06p330M

[N
N

OJIHOKJICTOYHBIM

[N
w

0JIarONPUATHBIN

[N
&

OTrpaHUYCHHOE YHCII0 / HEOOJIBIIIOE KOJINYECTBO
4ero-imoo
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IX. Read and translate the short text without any dictionary
Fact of life:

Most nerve fibres are very thin (less than 10 um in diameter), but the giant
nerve fibre of a squid may be more than 1 mm across.

X. Food for thought.
Squids can escape from danger because they have giant nerve fibres.

These fibres can conduct nerve impulses very rapidly, since speed of
conduction is directly related to the diameter of the fibre. Squids have nerve
fibres of normal diameter to control their slow cruising movements, but giant
nerve fibres control their rapid escape response. When danger threatens, giant
nerve fibres carry information from the brain down the body, causing circular
muscles to contract and force a jet of water out of the body, enabling the squid
to make a quick backward escape.

Suggest why squids have giant nerve fibres only for rapid escape
responses. Why do mammals not require giant nerve fibres?

XI1. Prepare a short presentation on 2 or 3 glands reflecting the following
ISSUES:

o Type of gland, its position

eType of hormone, its function

eRole of the hormone in human health

Text 5.2. Setting up a nerve impulse

m_Essential targets:

By the end of this text you should be able to:
\ e explain how a resting potential is maintained
e explain how an action potential is generated.

Pre-reading
m Discuss these questions with your partner. Then compare your ideas
with the information given in the text.

1. What do you know about the nature of nerve impulses?
2. Why are nerve impulses important for humans?
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m_Read the following text and make your essential assignments:

Investigating nerve impulses

Nerves convey information rapidly from one
| part of the body to another, enabling animals to
respond quickly to changes in their external and
]\ .. | internal environments. The information is carried
Tt L in the form of electrical signals called nerve

Membrane Potential (mv)

AW T T T T T

"t milssconds impulses. Most of our understanding of the nature
S of nerve impulses comes from work done on giant
axons of squids. These are the nerve fibres responsible for the rapid escape
movements of squids. Their large diameter (up to 1 mm) makes it possible to
measure the electrical activity in a giant axon when it is at rest and when it is
conveying a nerve impulse.

A fine glass microelectrode is inserted inside an axon, and the voltage
(potential difference; p.d.) between it and a reference electrode on the surface
of the axon can be displayed on a cathode ray oscilloscope. By convention, the
potential difference of the inside of the cell is always measured relative to that
on the outside, so that the outside potential is taken as zero.

Resting potential

A resting neurone is so called because it does not convey a nerve impulse,
not because it is inactive. On the contrary, a resting neurone expends much
energy in maintaining a potential difference across its membrane. This is called
the resting potential and measures about -70 millivolts.

During the resting potential, the inside of the neurone is negative relative
to the outside because of an unequal distribution of charged ions. On the
outside, sodium ions (Na*), chloride ions (CI), and calcium ions Ca*") are
present in higher concentrations than inside the cell. By contrast, the inside of
the cell has a higher concentration of potassium ions (K*) and organic anions
(negative ions).

This unequal distribution of ions results from a combination of active
transport and diffusion of sodium and potassium ions across the cell
membrane, and the inability of large organic anions to pass out of the cell. A
sodium-potassium pump actively transports sodium ions out of the neurone
and potassium ions in. For every three sodium ions pumped out, only two
potassium ions are pumped inwards. On its own, this would result in only a
slight potential difference across the membrane. However, this difference is
amplified by the membrane being about 50 times more permeable to potassium
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ions than to sodium ions. Potassium ions are able to diffuse freely back out of
the cell down their concentration gradient, but the sodium ions diffuse back
into the cell only very slowly. This creates a negative electrical charge inside
compared with outside. Without active transport, an equilibrium would
eventually be reached and there would be no potential difference across the
membrane.

Action potential

A nerve impulse occurs when the resting | .,
potential across the membrane of a neurone has a
sufficiently high stimulus. A stimulus is any | 2’
disturbance in the external or internal environment | >
which changes the potential difference across a | ™
membrane. The stimulus may be chemical,
mechanical, thermal, or electrical, or it may be a !
change in light intensity.

The recording on the cathode ray oscilloscope shows the effects of a
stimulus on a giant axon. When the stimulus is applied, the axon becomes
depolarised; that is, the inside becomes temporarily less negative. If the
stimulus is strong enough (if it exceeds the threshold level), an action potential
occurs. There is a complete reversal of the charge across the nerve cell: the
interior becomes positively charged relative to the outside. Typically, the
action potential reaches a peak of about +35 millivolts. The potential
difference then drops back down, undershoots the resting potential and finally
returns to it. The return of the potential difference towards the resting potential
Is called repolarisation. The entire action potential takes about 7 milliseconds.
Although this example refers specifically to a giant axon, its general features
apply to all animal neurones.

lon channels and action potentials

The action potential results from the changes in the permeability of cell
membranes to ions. At rest, the membrane permeability of a nerve fibre is
thought to depend on ion channels through which specific ions can move. An
ion channel consists of a protein molecule spanning the membrane, with a pore
through the centre. Sodium ions move through one type of channel and
potassium ions through another. There are many more of these ion channels for
potassium than for sodium, therefore at rest the membrane permeability to
potassium ions is much greater than that to sodium ions.

During an action potential, special ion channels control ion movements
across the membrane. These channels are believed to have voltage-sensitive
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gates that open and close in response to voltage changes, and are therefore
called voltage-gated ion channels.

During the resting potential, the voltage-gated
sodium and potassium ion channels are closed.
When a stimulus is applied, sodium ion channels
open rapidly, sodium ions move in, and the inside
becomes more positive. If the stimulus reaches the
threshold level, an action potential occurs. When
the action potential reaches its peak, the sodium
ion channels close slowly and potassium ion
channels open slowly. Sodium ions stop moving into the cell but potassium
ions diffuse more rapidly out. These changes cause the potential difference to
drop. When the membrane returns to its resting potential, potassium ion
channels close, but because they do this slowly, the potential dips below the
resting level. Finally, when the potassium ion channels are closed, the
membrane returns to its resting condition.

So far, we have examined how an action potential is generated at the point
of stimulation. However, this is only the first step in the propagation of a nerve
impulse along a neurone. These localised action potentials are converted into
nerve impulses which transmit information from one part of a neurone to
another neurone or to an effector such as a muscle or a gland.

Action potentials obey the all-or-none law. This means that no matter how
strong the stimulus, the size of an action potential is always the same.
Therefore, information about the strength of a stimulus is carried along a nerve
fibre not as variations in the size of nerve impulses, but by changes in their
frequency. The next spread discusses these points more fully.

m Glossary of essential terms for vou to know

N | English term Russian equivalent

1. |voltage DIIEKTPUYECKOE HAIPSKEHNE

2. potential difference 30. pa3HUIlA MOTECHIINAIOB

3. | reference electrode KOHTPOJIbHBIN DJIEKTPOJT

4. | cathode ray oscilloscope | anekTpoiydeBoii / KaTOXHBIH /
SJIEKTPOHHBIN OCIMILIOCKOII

5. | by convention YCIIOBHO CUHUTAETCS, UTO; OOBIYHO, IO
OTPEICTICHHMIO;

6. | relative to smth. OTHOCHUTEJIBHO YeTo-JI.

7. | resting potential HOTEHIINAJ MOKOS; OCTAaTOYHBIH
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MOTEHIHAIT

8. | on the contrary HAIIPOTHB; Ha CAMOM JIeJIe

9. | toresult from sth. OBITH CIICACTBUEM, IPOUCXOINUTH B
pe3yJabTaTe 4ero-i.

10. | sodium-potassium pump | KaJueBO-HATPUEBBIM HACOC

11. |to pump out BBIKQUMBAaTh, BHICACHIBATH

12. |onitsown cam 1o cebe

13. | permeable POHHUIIAEMBII

14. | concentration gradient IPAMCHT KOHIICHTPAIUH; ITepena
KOHIICHTpAIAMN

15. | equilibrium paBHOBecHe, OanaHc

16. | action potential [MOTEHIIHAJ IEHCTBUSA

17. | reversal of charge nepesapsijika; mepeMeHa 3Haka 3apsja

18. |to reach a peak JOCTUTHYTb BBICIICH TOYKH

19. |atrest B COCTOSIHUY TIOKOST; B HETIOJIBUKHOM
COCTOSIHHH

20. | voltage-sensitive MOTEHITUAIIOTYBCTBUTEIHBIN

21. | voltage change CKauYK00Opa3HOEe H3MEHEHUE HAMPSHKESHUS

22. | voltage-gated MOTCHIIMAI03aBUCUMBIT

23. | all-or-none law 3aKOH «BCE WJIM HUYETOY

m Your Essential Assignments.

I. Quick check

What are the main factors that determine the resting potential of a
neurone?

1. Using monolinqgual English dictionary write down what the words
below mean:

To insert, surface, to expend, charged, to amplify, to exceed.

[11. Match the words in the left column with the definitions in the
right:
1. | ion channels
2. | repolarisation

a) electrical signals conveyed by neurones

b)channels which have voltage-sensitive gates that
open and close in response to voltage changes

¢) channels through which specific ions can move

d)neurone which doesn't convey a nerve impulse

3. | resting neurone
4. | all-or-none law
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5. | nerve impulse e)no matter how strong the stimulus, the size of an
action is always the same
6. | voltage-gated f) the return of the potential difference towards the
ion channels resting potential

IV. Match words in A with words in B to form word combinations.

Make up sentences with them.

A B
resting; escape; external, sodium; | charge; fibres; potential; a peak;
light; potential; electrical; to | intensity; movements; quickly;
respond; nerve; to reach difference; environment; ions.

V. Answer the following questions. Use all information given before:

SARE IR

Why are voltage-gated ion channels called so?

What the function of a sodium-potassium pump is?

What does the membrane permeability of a nerve fibre depend on?
What does an ion channel consist of?

What does the all-or-none law mean?

V1. Translate into English using all the active possible:

. BHyTpeHHee mpocTpaHCTBO HEHpOHa 3apsKEHO  OTPUIATEIHHO

OTHOCHUTCIJIIbHO BHCIIHCTO B CBA3M C HCPABHOMCPHBIM PACIIPCACICHUCM
3aPsAKCHHBIX HOHOB.

. BenuuuHa noreHnuana J1eMCcTBUA HE 3aBUCUT OT Pa3APakKUTEIIS.
. ZKuBOTHBIE MOTYT OBICTPO pE€arupoBaTh HA U3MEHEHUS B OKPY Karollen

cCpeie B CBS3M CO CIHOCOOHOCTHIO HEPBHBIX BOJIOKOH OBICTPO
nepenaBaTh HHPOPMAIIHIO.

. HepBHBII uMnynbc — 310 uH(popMaiusi, kKotopas nepenaércs B popme

QJICKTPHUICCKHUX CUT'HAJIOB.

. Bo3HuKHOBEHME HCPBHOI'O UMITYJIbCa CBA3aHO C 10CTATOYHO CHUJIbHBIM

pa3apakuTEICM.
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VI1I. Find English equivalents to the following word combinations and
make up sentences with them:

N Russian Term English equivalent

BuaytpenHnee npocTpaHCTBO (HEpoHa)

Bennunna noreHmana

PearupoBats ObICTpO

CocTosHue moxKos

Pas3nura moreHmuaios

JIOCTUTHYTH TOPOTOBOTO YPOBHS

[ToguuHATHCA 3aKOHY

HepaBHOMEpHOE pacnpenecHue

Meputs, U3MEPSTH

R|©® N o0 MW

0.| Ilommass mepe3apsanka (mepemMeHa 3Haka
3apsiia)

VIIl. Read and translate the short text without any dictionary
Fact of life:

Puffer fish produce a highly potent neurotoxin called tetrodotoxin. This
selectively blocks the entry of sodium ions into nerve and muscle cells during
an action potential, preventing the generation of nerve impulses and muscle
contractions.

IX. State whether the voltage-gated potassium ion channels and the
voltage-gated sodium ion channels in a neurone membrane are open or
closed:

a) during the resting phase

b) during the depolarisation phase of the action potential
c) in the repolarisation phase

d) during the undershoot.

X. Suggest why depolarisation is not a good word for describing what
happens during the transmission of an action potential.

XI1. Explain how resting potential and action potential are connected
with each other.
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UNIT VI. EVOLUTION

Text 6.1. Theories Of Evolution

m Essential targets:

By the end of this text you should be able to:

e cxplain the biological meaning of evolution;

e distinguish between neo-Darvinism and
Darvinism.

Pre-reading

m Working in pairs, try to answer the following questions before you
read the text. When you have finished, check your answers by reading the
text.

1. What is evolution? How does it happen?
2. What is a species?

3. What is natural selection?

4. What theory did Darwin develop?

m Read the given text and make your essential assignments:

One of the most fundamental questions in biology is: where do all living
things come from? According to most biologists, the millions of species living
on Earth today (including humans) are descended from other species that
inhabited the world in the past. This change has come about by a process called
evolution. Evolution happens when the genetic composition (allele frequency)
of a population changes over successive generations. When the changes are
sufficiently great, a new species may be formed. (A species is a group of
closely related organisms potentially capable of interbreeding to produce fertile
offspring.)

The mechanism of evolution.

Evolution is not a modern concept. Since ancient times, a number of
philosophers and naturalists (including Confucius and Aristotle in Greece)
have suggested that complex species evolve from simpler pre-existing ones by
a process of continuous and gradual change. However, it was not until the 19"
century that scientists came up with plausible mechanisms for evolution. The
mechanism that is widely accepted among biologists today is called neo-
Darwinism. It is modern theory based on the work of the nineteenth- century
naturalist Charles Darwin.
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Between 1831 and 1836, Darwin was the naturalist on
board HMS Beagle, a research vessel engaged in mapping
different parts of the world. After spending over three years
surveying the coast of South America, the Beagle landed on the
Galapagos Islands in the Pacific Ocean. Darwin compared the
organisms on these islands with those on the South American
mainland, and this led him to develop his theory of evolution. He
came to the conclusion that, over successive generation, a new species comes
into being by slow and gradual changes from a pre-existing one. He believed
that these changes are brought about by a process which he called natural
selection,

Darwin’s theory was based on three main observations:

1. Within a population are organisms with varying characteristics, and
these variations are inherited (at least in part) by their offspring.

2. Organisms produce more offspring than are required to replace their
parents.

3. On average, population numbers remain relatively constant and no
population gets bigger indefinitely.

From these observations, Darwin came to the conclusion that within a
population many individuals do not survive, or fail to reproduce. There is a
“struggle for existence”. For example, members of the same population
compete to obtain limited resources, and there is a struggle to avoid predation
and disease, or to tolerate changes in environmental conditions such as
temperature. In this struggle for existence those individuals that are best
adapted to their environment will have a selective advantage: they will be more
likely to survive and produce offspring than less well-adapted organisms.

The origin of species

For more than 20 years, Darwin collected evidence to support his theory
and refined his ideas. He delayed publishing his ideas until 1858, when Alfred
Russel Wallace sent him a letter describing a theory of evolution identical to
Darwin’s own. Wallace was a British naturalist who had worked in the Malay
Archipelago for eight years. He concluded from his research that some
organisms live while others die because of differences in their characteristics,
such as their ability to resist disease or escape predation. Darwin and Wallace
published a paper jointly describing their theory of evolution by natural
selection. However, Darwin’s name has become more strongly linked with the
theory because of a book he published on 24 November 1859. The book,
entitled “The Origin of Species by Means of Natural Selection or the
Preservations of Favoured Races in the Struggle for Life”, has been called the
most important biology book ever written. It not only gives a full description
of the theory of evolution by natural selection, but also contains a huge mass of
evidence to support the theory.
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The reaction to Darwin.

Many people found it difficult to accept Darwin’s ideas, especially the
idea that modern humans and apes are probably descended from a common
ancestor. However, his theory is supported by so much evidence that the
majority of biologists accept it. Evolution by natural selection has become a
central theme which underpins much of modern biology. The modern theory of
evolution is called neo-Darwinism because it incorporates new scientific
evidence, particularly from genetics and molecular biology. For example, we
know that the variations that are so important in natural selection come about
by random and spontaneous changes in genes, particularly from mutations in
reproductive cells. Despite modifications to Darwin’s theory in neo-
Darwinism, natural selection is still the driving force behind evolution, or the
theory of evolution by the natural selection of inherited characteristics.

m Glossary of essential terms for you to know

Ne English term Russian equivalent
1 to accept MIPUHUMATh

2 to inhabit HaCeJISTh

3 to descend IIPOUCXOIUTH

4 to interbreed CKPEINHBAThH

5 offspring ITOTOMCTBO

6 to suggest IpeAIoIaraTh

7 to bring about OCYIIECTBIIATE; BHI3bIBATH
8 capable of CIOCOOHBII

9 species BH]I

10 |toevolve pa3BHBATh

11 | gradual TTOCTETICHHBIH

12 |to compete COPEBHOBATHCS

13 | coast 0OepeKbe

14 | to obtain MOJTy4aTh

15 |to refine COBEPIICHCTBOBATh

16 | pre-existing paHee CYIICCTBOBABIIIHIA
17 | to develop pa3BHBaTh

18 |toreplace 3aMEHSATh

19 | mainland MaTEPHK

20 | to reproduce Pa3MHOXKaThCs

21 |successive TOCIICAYIOIIHH

22 | selection oTbop

23 | tovary MEHSITHCS

24 | on average B CpeJIHEM

25 | relatively OTHOCHUTEIIBHO
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26 | observation HAOJIFOICHUE

27 | to fail HE CYMETb, IPOBAJUTH
28 | struggle 0opnba

29 | existence CYIIECTBOBAaHUE

30 | toexist CYIIECTBOBATh

31 |disease 00JIe3Hb

32 | generation TIOKOJICHUE

33 | environment OKpY’Karomas cpejia
34 | advantage IPEUMYIIICCTBO

35 | well-adapted XOPOIIIO MPUCITOCOOICHHBII
36 | evidence CBHUJICTEILCTBO

37 | to describe OIHUCHIBATH

38 |to produce IIPOU3BOIUTH

39 |to conclude CIEIAaTh BBIBOJI, 3aKJIFOYNUTH
40 | to resist COMPOTUBJISATHCS

41 | research HCCJIEIOBAHUE

42 | by means IIOCPEJCTBOM

43 | to support nojAep>KaTh

44 | apes IPUMATHI

45 | genetics reHeTHKa

46 | cell KJICTKA

47 | to survive BBDKUTh; IEPEKUTH

m_Your Essential Assignments

I. Quick check:

1. Give the biological meaning of evolution.

2. How does neo-Darwinism differ from Darwin’s original theory of
evolution?

1. Fill in the missing words:

Term (verb) Noun Adjective
exist | L
suggest | .| .
reproduce | ... |
develop | ... L
inherit | ... |
inhabit | ... | L
evolve L L
select R
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I11. Use monolingual Enaglish dictionary and write down what could the
words given below mean:

change, naturalist, complex, to escape, to collect, humans.

1VV. Match these words with their definitions:

1  generation  A. anillness or unhealthy condition in your body

2  evolution B. the air, water and land in which people, animals
and plants live

3  evidence C. amember of your family who lived a long time ago

4  reproduce D. the careful choice of a particular person or thing
from among a group of similar people or things

5  species E. to continue to live or exist

6  survive F. to change into a larger, stronger, or more advanced
state

7.  ancestor G. to produce young animals from parents of different
breeds or groups

8.  develop H. all the members of a group of things which have
been developed from a previous group

9. naturalist I. ananimal’s baby or babies

10 environment J. the state of existing

11  selection K. the gradual change and development

12. disease L. to produce young animals or plants

13. interbreed M. someone who studies plants or animals, especially
outdoors

14. offspring N. facts that make you believe that something exist or
Is true

15. existence O. agroup of closely related organisms

V. Find English equivalents to the following word combinations:

Ne Russian term English equivalent
MIPOU3OIIEAIINNA OT

TECHO CBA3aHHBIN

MOCIIETYFOIIME TOKOJICHHS

KUBYIIIME HA 3€MJIC

MIPOU3BOJIUTH OIJIOJOTBOPEHHOE ITOTOMCTBO
T€HETUYECKUI COCTAB

MIPUJITHU K BBIBOY

OTHOCUTEJILHO TTOCTOSIHHBIN

coOupaTh CBUICTEILCTRA

0. compoTuBnATHECS 00JIE3HI

B O 0N ok W=
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11.

I'CHCTHUKA U MOJICKYJIApHAA ouoJIorus

12.

CJ'Iy‘-IElﬁHBIC N CITOHTAHHBbIC N3MCHCHU A

13.

MyTalvH B pCIIPOAYKTUBHBIX KIICTKAX

14.

OOJIBIIIMHCTBO OMOJIOTOB

15,

€CTECTBEHHBIN 0TOOP

V1. Give Russian equivalents to the following English terms:

e

English term

Russian equivalent

according to

inhabited the world in the past

sufficiently great

continuous and gradual change

widely accepted among biologists

to develop the theory

natural selection

with varying characteristics

@G)\l@(ﬂ-bwl\)l—‘z

struggle for existence

to obtain limited resources

best adapted to their environment

to escape predation

a full description of the theory of evolution

a common ancestor

VII.

Find synonyms among the pool of words:

Pool of words

Synonyms

1)1.develop/2.accept/3.change/4.alter/5.evolve/6.obtain

2)1.support /2.happen/3.exist/4.occur/5.underpin /6.live

3)1. investigation /2.selection /3.research /4. choice

4)1.escape/2.disease/3.individual/4.get away/5.illness/

6.

human being

VIII. Answer the following questions. Use all information given before:

writt

1. How does the evolution usually take place?

2. What led Charles Darwin to develop his theory of evolution?

3. What did Darwin mean by “natural selection”?

4. \What are three main observations of Darwin’s theory?

5. What does “struggle for existence” mean?

6. What book has been called the most important biology book ever

en?

7. Do the majority of biologists accept Darwin’s theory?

8. What is called neo-Darwinism?
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IX. Match the sentence halves. Make complete sentences:

1. According to most biologists, A. is called neo-Darwinism.
the millions of species living
on Earth today

2. Evolution happens B. than are required to replace their
parents.
3. The mechanism that is C. to support his theory and refined his
widely  accepted among ideas.

biologists today
4. Organisms produce more D. which underpins much of modern

offspring biology.
5. Members of the same E. are descended from other species
population compete that inhabited the world in the past.
6. For more than 20 years, F. come about by random and
Darwin collected evidence spontaneous changes in genes.

7. Evolution by natural G. to obtain limited resources.
selection has become a
central theme

8. The variations that are so H. when the genetic composition of a
Important in natural selection population changes over successive
generations.

X. Read and translate the short text without any dictionary:

Fact of life: Highly sensitive dating techniques tell us that the Earth is
between 4.5 and 5.0 thousand million years old. It is generally agreed by
scientists that the Earth was originally devoid of life, and that the first living
organisms arose by biochemical evolution from complex organic chemicals
formed in the atmosphere and seas of early Earth. These first forms of life gave
rise to countless millions of species. Most have become extinct, but some have
evolved into organisms found today. According to the latest estimates, 20-30
million species share our planet.

XI. Food for thought:

In 1809 Jean-Baptiste de Lamark suggested that the driving force behind
evolution was the need for organisms to adapt to changing environmental
conditions. His theory became known as the theory of evolution by the
inheritance of acquired characteristics. He believed that adaptations developed
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by an organism during its lifetime could be passed on to its offspring.
According to Lamark, modern giraffes might have evolved from a short-
necked ancestors in the following way. Giraffes feed on leaves ripped off the
branches of trees. When leaves on the lower branches were removed, or when
the trees became taller, the ancestral giraffe needed to stretch to reach leaves
on higher branches. By continually stretching, their necks lengthened and the
ability to grow a slightly longer neck was inherited by the next generation
which carried on stretching, and so on.

We know that this explanation of the evolution of the giraffe’s neck is
untrue because activities such as stretching to feed do not affect the gametes.
Therefore, this type of characteristic acquired during the life of an organism is
not inherited by its offspring. Expressed in modern terms, Lamarckism would
mean that changes in phenotype could determine the genotype of future
generations. This does not agree with modern genetics, and there are no
generally accepted examples of acquired characteristics being inherited.
Suggest a neo-Darwinian explanation for the evolution of the modern long-
necked giraffe from a short-necked ancestor.

Text 6.2. Natural Selection

m Essential targets:

By the end of this text you should be able to:

e explain what is meant by “ survival of the fittest”;

e distinguish between directional selection, stabilising
selection, disruptive selection.

Pre-reading

m With a partner consider the following questions and

try to answer them. Then scan the text to check your answers.

1. What is natural selection?
2. What environmental factors effect on surviving and producing
offspring?

m Read the given text and make your essential assignments:

Survival of the fittest

Darwin had the idea that natural selection is the mechanism that drives
evolution after reading An Essay on the Principal of Population by Thomas
Malthus, a clergyman and political economist. Malthus argued that, in time, the
growth of human populations will outstrip the food supply, and that this will
lead to “famine, pestilence, and war”. Darwin applied this idea to populations
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of other animals and of plants. In his book on the origin of species, Darwin
wrote: “There is no exception to the rule that every organic being naturally
increases at so high a rate that if not destroyed, the Earth would soon be
covered by the progeny of a single pair”. In spite of reproducing quickly, no
single species has completely over-run the planet, although the populations of
some species may be increasing at any one particular time. Darwin concluded
that populations are kept in check by a “struggle for existence” as they
compete for limited resources and are exposed to disease. Environmental
factors that keep populations in check are called selection pressures or
environmental resistances. These include:
disease
competition for resources such as food and a place in which to live
predation
lack of light, water, or oxygen
changes in temperature.

Those organisms best suited to the environmental conditions, with

characteristics that give them an advantage in the “struggle for existence”,
will have the best chance of surviving and producing offspring. Their high
natality (birth rate) gives them a selective advantage. On the other hand, those
will unfavourable characteristics are more likely to die. Their high mortality
(death rate) gives them a selective disadvantage. Darwin argued that this
difference in natality and mortality results in natural selection. As
environmental conditions change certain characteristics within a randomly
varying population are favoured, and natural selection occurs. This has become
known as the “survival of the fittest”.

In evolution, fitness is defined as the ability of an organism to pass on its
alleles to subsequent generations, compared with other individuals of the same
species. The “fittest” individual in a population is the one that produces the
largest number of offspring that survive to reproduce themselves. Natural
selection by “survival of the fittest” means that the genetic characteristics of a
population gradually change from generation to generation in response to
changes in the environment. As we shall see in the following spreads, natural
selection affects a gene pool by increasing the frequency of alleles that give an
advantage, and reducing the frequency of alleles that give a disadvantage. (A
gene pool is all the genes and their different alleles present in an interbreeding
population.)

Three types of natural selection

Natural selection is not always a mechanism for change. There three
different types: stabilising selection, directional selection, and disruptive
selection. These are three different ways in which natural selection acts on the
phenotypes in a population (the observable characteristics such as colour or
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height). Typically, the frequency in the population of
each phenotype has a normal distribution, described by a
bell-shaped curve.

Stabilising selection happens in an unchanging
environment. Extremes of the phenotype range are
selected against, leading to a reduction in variation
(more individuals tend to conform to the mean).
Stabilising selection occurs in the natural selection of
birth mass in humans.

Directional selection favours one extreme of the
phenotype range and results in a shift of the mean either to the right or to the
left. This type of selection usually follows some kind of environmental change.
The long neck of the giraffe is thought to have evolved in this way. Probably,
when food was in short supply, only the tallest individuals could reach enough
food to survive. They passed on their genes to the next generation.

Disruptive selection selects against intermediate phenotypes and favours
those at the extremes. This leads to a bimodal distribution (the distribution
curve has two peaks or modes) and two overlapping groups of phenotypes. If
the two groups become unable to interbreed, then each population may give
rise to a new species. Disruptive selection may have contributed to the
evolution of Darwin’s finches. Because there were few other birds to compete,
finches with short strong beaks had exclusive use of nuts as a food source,
while those with long slender beaks had almost exclusive use of insects. Those
finches with an average, unspecialised beak were more likely to have been in
completion with other species of bird and would have reproduced less
successfully.

m Glossary of essential terms for you to know

Ne English term Russian equivalent
1 natural €CTECTBCHHBIN

2 selection oTbop

3 growth Poct

4 famine roJ10/

5 pestilence Yyma

6 progeny ITOTOMCTBO

7 origin TPOUCXOKICHHEC
8 to increase YBEIUYHBATHCS
9 disease 00J1e3Hb

10 | lack of sth HEJIOCTATOK Y.-J1.
11 | condition yCIIOBHE

12 | to suit IIOIXOIUTH

13 | natality POKIAEMOCTD
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14 | mortality CMEPTHOCTb

15 | favourable OJIarONPUSATHBIN

16 | fitness IPHUCIIOCOOJICHHOCTD

17 | frequency 4acToTa

18 | disruptive pa3pyIIUTEIbHBIN

19 |curve n3rHo

20 | either....or Wnu.....nnu, 1uoo...... 100
21 | in response to B OTBET HA ......

22 | to occur IIPOUCXOIUTH

23 |togiverise to JaBaTh HAYaJI0 YeMY-JIH00
24 | finch 3s10JTUK

25 | beak Koo

26 | insect HACCKOMOE

m Your Essential Assignments

I. Quick check

1. What is meant by fitness in evolutionary terms?
2. Some individuals of the European swallowtail butterfly (Papilio machaon)
pupate on brown stems or leaves; others pupate on green stems or leaves. Two
distinct colour forms of the pupae are found, namely brown and green, with
very few intermediates.

a. What type of natural selection does this example show?

b. Explain why the intermediate colour forms would be at a selective

disadvantage?

I1. Fill in the missing words:

Term (verb) Noun Adjective
argue | L
occur |
increase | e
compete | .| L.
expose | e
survive | e
distribute . Ll
describe T

I11. Use monolingual English dictionary and write down what could the
words given below mean:

species, existence, selection, environment, to occur, gene.
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1VV. Match these words with their definitions:

1  outstrip A. agroup of closely related organisms

2 origin B. aliving creature such as a dog or cat

3  disease C. Dbecoming firm, steady or unchanging

4  selection  D. the situation, place, or physical matter from which
something begins

5  species E. birthrate

6 plant F. prevents something from continuing in its usual way
and causes trouble

7. animal G. anillness or unhealthy condition in your body

8. favourable H. to be greater in quantity than something else

9. natality I. ananimal’s baby or babies

10 directional J. a small part of the material inside the nucleus of a
cell

11 stabilising K. a living thing that has leaves and roots and grows in
earth

12. disruptive L. to do something that produces an effect or change in
someone or something

13. gene M. the careful choice of a particular person or thing
from among a group of similar people or things

14. offspring  N. suitable and likely to make something happen or
succeed

15. affect O. pointing in a particular direction

V. Find English equivalents to the following word combinations:

Russian term

English equivalent

3aracel €15l

INPUMCHHUTb K .....

IMPONUCXOKIACHUC BUIOB

HCCMOTP:A HaA

OTPAHUYEHHBIE PECYPCHI

(baKTOpBI OKPYKAIOIIECH CpeIbl

HCOOCTATOK CBETA, BOJAbI, KUCJIOPOJa

BBICOKAs POKIACMOCTD

LOOO\ICDO"I-bOOI\.)I—‘z
©

BBICOKAs CMCPTHOCTD

IPUBOAUT K ECTECTBEHHOMY OTOODPY

CIIOCOOHOCThH OopraHui3ma

TCHCTHUUYCCKHUC XaAPAKTCPUCTUKH

B OTBET HA U3MEHEHUS B OKPYKAIOIIEH Cpee

JaBaTb HA4YaJI0O HOBOMY BUAY

KOPOTKHC CHJIBHBIC KIIFOBBI
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V1. Give Russian equivalents to the following English terms:

English term Russian equivalent

to over-run the planet

struggle for existence

selection pressures

environmental resistances

to expose to disease

changes in temperature

best suited to the environmental conditions

to give an advantage in ...

QDOO\ICD(J'I-l>(10|\)|—‘z
1

the best chance of surviving and producing
offspring

10 selective disadvantage

11 survival of the fittest

12 ccompared with other individuals

13 gradually change from generation to generation

14 o act on the phenotypes in a population

15 to become unable to interbreed

VII. Find synonyms among the pool of words:

Pool of words

1)1.offspring /2.struggle /3.change /4.progeny /5.battle /
6. alteration

2) 1.gradually /2.surroundings /3. steadily /4.environment

Synonyms

3) l.population/ 2.resource/ 3.reduction/ 4.inhabitants/
5.supply/ 6.decrease

4) 1.quickly/ 2.survive/ 3.superiority/ 4.fast/ 5.advantage/
6.remain alive

VIII. Answer the following questions. Use all information given before:

1. What might lead to famine, pestilence and war?
2. What is called selection pressures?
3. What environmental factors do selection pressures include?

4. What organisms will have the best chance of surviving and producing their

offspring?

5. Why does the difference in natality and mortality result in natural selection?

6. What is meant by “survival of the fittest”?
7. How is fitness defined in evolution?
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8. What are three types of natural selection?
9. What is the difference between them?

IX. Match the sentence halves. Make complete sentences:

1. Those organisms best suited to A. although the populations of some
the environmental conditions, species may be increasing at any
with characteristics that give one particular time.

them an advantage in the
“struggle for existence”,

2. Environmental factors that keep B. results in natural selection.
populations in check
3. Darwin argued that this C. from generation to generation in

difference in natality and response to changes in the
mortality environment.

4. In spite of reproducing quickly, D. will have the best chance of
no single species has completely surviving and producing
over-run the planet, offspring.

5. The *“fittest” individual in a E. inanunchanging environment.
population is the one that
produces

6. Stabilising selection occurs

n

are called selection pressures.

Natural selection by “survival of G. the largest number of offspring

the fittest” means that the that survive to reproduce
genetic characteristics of a themselves.
population gradually change

8. Stabilising selection happens H. in the natural selection of birth

mass in humans.

X. Read and translate the short text without any dictionary:

Fact of life:

You may think that natural selection results in change and diversification.
This is not always the case. For example, natural selection helps to keep the
average birth mass for human babies around 3.3 kg. Not surprisingly,
extremely small or large babies have low rates of survival under natural
conditions.
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XI. Food for thought:

The extinction of animal and plants species is of great concern today
because it is accelerated by direct and indirect results of human activities.
However, extinction is a natural process that has occurred since the dawn of
life. The 20-30 million species that inhabit the Earth today represent only a
minute proportion of all species that have ever existed. Suggest why more than
99.9 per cent of all species that ever evolved have become extinct by natural
processes. Explain why the highest rates of extinction in recent times have
occurred among species that live only on small oceanic islands.

Text 6.3. Artificial Selection

m Essential targets:

By the end of this text you should be able to:

¢ describe one example of artificial selection;

e distinguish between inbreeding and outbreeding;
e explain the meaning of hybrid vigour.

Pre-reading
m In a small group discuss the current problems associated with the
artificial selection and then try and answer the following questions:

1. How do you understand artificial selection?
2. Do you have any ideas about how wheat cultivation began?
3. Can you explain the difference between inbreeding and outbreeding?

m Read the given text and make your essential assignments:

The cultivation of wheat

Ever since farming began in the Middle East | it
about 10 000 years ago, humans have been breeding § =l
animals and plants selectively to produce specific ; 1. J
| §

desirable qualities. Wheat was probably among the
first crop to be cultivated. By selective breeding !
over thousands of generations, wild wheat has been i e e domsicte e
converted into the modern types which produce much higher ylelds In
selective breeding, particular individuals are chosen and allowed to breed,
whereas others are prevented from breeding. This means that alleles that give
characteristics favoured by humans are retained, while those that give
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undesirable characteristics are eliminated. Artificial selection is therefore
similar to directional selection, in that selection pressure brings about a gradual
change in the genotype of a group of organisms. However, in artificial
selection it is humans, not environmental factors, that act as the selection
pressure, gradually bringing about changes in allele frequencies.

We can only speculate as to how wheat cultivation began. Perhaps
people who gathered wild seeds for food observed that seeds spilled
accidentally sprouted new plants from which more seeds could be harvested.
This might have encouraged them to save some seeds to sow for the following
season’s crop.

Wild wheat sheds its grains as soon as they are ripe. This makes
harvesting difficult. Therefore, grains were most likely to be gathered from
plants that by chance retained their grains a little longer. By using this grain for
the next crop, farmers would inadvertently have started the process of selective
breeding.

The next stage in the cultivation of wheat would have been the deliberate
selection of varieties with desirable qualities. Early farmers appear to have
selected grains from plants which gave the greatest yield, and produced grain
which was easy to separate from its husk. Eventually, over many generations,
the variety of cultivated wheat changed. This led to the ancestor of our modern
wheat, in which the grains are held so firmly that they must be removed by a
separate operation after harvest. Selective breeding of wheat continues today
by a combination of inbreeding and outbreeding.

Inbreeding involves breeding between closely related individuals which
by chance, possess some desirable character. In wheat, desirable characters
include:

e high yield

e short stem length (allowing the plant to devote more energy to the

production of seeds, which have a much higher value than straw from
stems)

e pest resistance (for example, to fungal moulds and rusts)

e high protein content of the grain.

Inbreeding is carried out to try and retain the desirable characters in
future generations. Wheat plants are particularly suitable for selective
breeding because they self pollinate naturally. They are unlikely to cross
fertilise without the intervention of the plant breeder.

Inbreeding allows a farmer to produce a uniform crop which is easy to
harvest and has, given certain conditions, predictable characters. However, this
uniformity of characters is at the expense of genetic diversity may be reduced
to such an extent that every individual has identical alleles (a condition known
as complete homozygosity). Such a wheat strain cannot be changed because
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there are no other alleles present that could produce genetically different
plants. Another problem is that if genetically identical plants are exposed to
new diseases to which the plants have no resistance, all the plants may be
killed.

Similar techniques of selective breeding have been used to develop
domestic and farm animals. Although complete homozygosity has not been
reached in any animals, inbreeding increases the risk of a harmful recessive
allele occurring in the homozygous condition and being expressed. Because of
these disadvantages, inbreeding is not carried out indefinitely. New alleles are
introduced by outbreeding with other stock.

Outbreeding involves crossing individuals from | earent Paront 2
genetically distinct strains. The offspring from such a @
cross are called hybrids. If the parental stocks are pure | “Y.~ %%
breeding, the offspring are called F1 hybrids. F1 hybrids fertilzatia

often have characters, such as grain yield in wheat, 5P“““°j;|§“c*{ii’;ofl',|,z|
which are superior to the characters in either parent. :mlf:d":;:jnf:':m“
This phenomenon is called hybrid vigour or heterosis. | inereases during outbreeding
Hybrid vigour probably results from an increased
heterozygosity arising from the mixing of alleles. Harmful recessive alleles are
less likely to be present in the homozygous condition. Hybrid vigour is also
thought to result from some form of interaction between particular
combinations of alleles in the hybrid. Whatever the explanation of hybrid
vigour, if the descendants of F1 hybrids are continually inbred, the vigour
decreases as the plant become more homozygous again.

Outbreeding depends on the availability of genetically distinct animals
and plants. It is therefore important to maintain sources of genetic diversity.
This may be done by maintaining seed banks of old or wild varieties of plants
(the genetic diversity of wheat, rice, cabbages, and carrots is maintained in this
way). Also, adults of old varieties of animals and plants with little or no
commercial value may be maintained as a source of new alleles for future
breeding programmes.

m Glossary of essential terms for you to know:

Ne English term Russian equivalent
1 to breed pPa3BOJUTh

2 to produce IPOU3BOUTH

3 desirable KeJIaeMbIi

4 inbreeding POJICTBEHHOE CIIapUBaHHE

5 outbreeding HEPOJCTBEHHOE CIIapHBaHHUEC

6 crop (syn. yield, harvest) | ypoxaii

7 to bring about OCYIIECTBIISATD; BHI3HIBATh
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8 to retain COXPaHSITh

9 artificial MCKYCCTBEHHBIH

10 | wheat MIIEHULA

11 | wild UKW

12 | to gather coouparb

13 | cultivation 00paboTKa, BO3/ICIIBIBAHNE
14 | grain (syn. seed) 3epHO

15 | ripe CIICTIBII

16 | to sprout JaTh POCTKU

17 |tosow CesTh

18 |stem cTebernpb

19 | predictable peICKa3yeMbIi

20 | to reduce (syn. decrease) | yMeHbIIIATH

21 |toallow I03BOJISTh

22 | to carry out BBITIOJTHATH

23 | to fertilise OILJIOTIOTBOPSATH

24 | suitable MOIXO AN

25 | resistance CONIPOTHBJICHUE

26 | domestic animals JIOMAIITHUE dKUBOTHBIE
27 |toinvolve BOBJICKATh

28 | distinct pa3IuYHbIN

29 | strain (syn. stock) POJI, IPOUCXOXKICHHE

30 | harmful BPEIHBIIN

31 |disease 00JIe3Hb

32 | vigour cuia

33 | interaction B3aMMOJIEIICTBUE

34 | descendant OTOMOK

35 | to maintain IO JIJICP)KUBATh, COXPAHSTh
36 | diversity (syn. variety) pasnuuue, pasHooOpasue
37 | todepend on 3aBUCUTH OT

38 | therefore MI09TOMY, CIIEIOBATEILHO
39 |adult B3POCIIBIT

40 | to pollinate ONBLIATH

m Your Essential Assignments

I. Quick check:

1. Which type of natural selection does artificial selection resemble?
2. What effect does: a) inbreeding; b) outbreeding have on the genetic diversity

of a population?
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3. Give two possible explanations of hybrid vigour in plants produced by a
cross between two different strains of pure-breeding plants.

1. Fill in the missing words:

Term (verb)

Adjective

suit

resist

interact

value

cultivate

desire

111. Use monolingual

English dictionary and write down what could the

words given below mean:

breeding, desirable, seed, cultivation, stem, crop.

1VV. Match these words with their definitions:

1 decrease A.  the seeds of crops

2 modern B. living in natural state, not changed or controlled
by humans

3 famine C. the preparation and use of land for growing crops

4 yield D. togodown to alower level

5 grain E. happening because someone has made it happen
and not as a part of a natural process

6 hybrid F.  physical and mental energy

7.  domestic G. breeding between closely related individuals

animal

8. wild H. time belonging to the present time

9. cultivation 1.  to plant seeds on a piece of ground

10  artificial J.  to produce crops, profits

11  vigour K. athing, place activity, etc. that you get something
from

12. pollinate L. an animal or plant produced from parents of
different breeds or types

13. inbreeding M. ananimal lives on a farm or in someone’s home

14. sow N. no food for a long time and many people or
animals die

15. source O. to make a flower or plant produce seeds by giving
it pollen
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V. Find English equivalents to the following word combinations:

Russian term

English equivalent

Pa3BOAUTD JKUBOTHBIX M PACTCHU A

IIOCTCIICHHOC M3MCHCHHEC B I'CHOTHIIC

BO3ACJIBIBAHUC TTIIICHUIIbI

Impoucecc 0T60pHOFO Pa3MHOXCHUA

TECHO CBSI3aHHBIE MEXK]Iy 000 ocobu

COXPAaHUTDb KCIIACMBIC XapPaKTCPHUCTHUKU

OIBLIIATHCA CCTCCTBCHHBIM ITYTCM

HpOI/ICXOI[HHlI/Iﬁ B T'OMO3UTI'OTHBIX YCIIOBUAX

©X NSO WP
19

ruopuHas cuia

3aBHUCHUT OT

0co0bIe KOMOUHAIINU

IMPUCYTCTBYKOT B TOMO3UT'OTHBIX YCJIIOBUAX

JIAKWAE PA3HOBUHOCTH PACTCHUU

V1. Give Russian equivalents to the following English terms:

English term

Russian equivalent

to produce specific desirable qualities

selective breeding

artificial selection

to sow seeds

pest resistance

genetically different plants

to be exposed to new diseases

have no resistance

LOCX)\ICDO"I-&OOI\)I—‘Z
1

to develop domestic and farm animals

genetically distinct strains

the mixing of alleles

the descendants of hybrids

to maintain sources of genetic diversity

future breeding programmes

VII. Find synonyms among the pool of words:

Pool of words

Synonyms

1)1.harvest /2.stock /3.crop /4.yield /5.strain /6.breed

2) 1.seed /2.vigour /3.strength /4.grain

3)1.retain /2.sow /3.decrease /4.keep /5.plant /6. reduce

4) 1.distinct /2.diversity /3.different /4.variety
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VIII. Answer the following questions. Use all information given before:

1.

©CoNoOkLN

How long have humans been breeding animals and plants selectively to

produce specific desirable qualities?
What does selective breeding mean?

What type of natural selection is artificial selection similar to?

Describe how wheat cultivation began.

What does inbreeding involve?
Why is inbreeding carried out?
What does outbreeding involve?

How is the offspring from outbreeding called?

What is called hybrid vigour?

IX. Match the sentence halves. Make complete sentences:

1. Artificial selection is therefore A. to try and retain the desirable
similar to directional selection, characters in future generations.
in that selection pressure
brings about
2. In selective breeding, B. closely related individuals which
particular  individuals are by chance, possess some desirable
chosen and allowed character.
3. Inbreeding involves breeding C. crossing individuals from
between genetically distinct strains.
4. Inbreeding is carried out D. to Dbreed, whereas others are
prevented from breeding.
5. Outbreeding involves E. agradual change in the genotype of
a group of organisms.
6. If the parental stocks are pure F. the vigour decreases as the plant
breeding, become more homozygous again.
7. If the descendants of F1 G. on the availability of genetically
hybrids are continually inbred, distinct animals and plants.
8. Outbreeding depends H. the offspring are called F1 hybrids.

X. Read and translate the short text without any dictionary:

Fact of life:

With the advent of genetic engineering. Artificial selection has entered a
new phase. It is now possible to breed clones of cattle and sheep which have
genes for producing specific human proteins. What is more, nuclei of two
different species can be combined to form a completely new type of animal. In

109



this way, a hybrid that combines the characters of a sheep and a goat has been
formed: this new species has been dubbed a *“geep” by the popular press.
Plants can also genetically engineered to incorporate characters of a number of
different species, for example, potatoes with a high starch content and high
productivity can be genetically engineered to produce the beta-carotene of
green vegetables and the vitamins of citrus fruits. One day it might be possible
to design foods on a computer by choosing characteristics from a palette of
tastes, colours, textures, and nutrients.

XI. Food for thought:

The dog is thought to have been the first domesticated animal. For at
least 12 000 years, it has been subjected to artificial selection. Dogs have been
bred to do specific types of work (for example, Labrador retrievers for
retrieving fishing gear, Old English sheepdogs for rounding up sheep, and
poodles for retrieving ducks) or for show. Suggest why pedigree dogs bred for
show tend to have more genetic disorders than mongrels and cross-breeds (for
example, highly inbred pedigree Labradors often have hip problems, St
Bernards suffer eye problems, and Pekineses pften have respiratory problems).

Text 6.4. Human Evolution: Primate Ancestors

m Essential targets:
b £. f By the end of this text you should be able to:
/g,‘ N e cxplain the significance of the adaptations of
‘s> primates to an arboreal mode of life.

Pre-reading
m With your partner try and answer these two questions. Then see if you

were right by quickly scanning the text.

1. Do you agree with the statement that all humans are descendent from a
common ancestor?
2. How do modern primates differ from their ancestral primates?

m Read the given text and make your essential assignments:

The theory of evolution applies just as much to humans as to other
organisms. All humans are in the same way related and, in the words of
Darwin, are “descended with modification” from a common ancestor.
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Although our social and technological developments have freed us from many
of the effects of natural selection, our present-day physical and behavioural
characteristics are rooted in the adaptations of our ancestors. So, by finding out
more about our ancestors, we can learn more about ourselves.

Adaptation of primates

The classification of humans reflects our evolutionary relationships.
About 150-170 million years ago, all mammals were small insectivores rather
like the shrews of today. About 75 million years ago some of these insectivores
adopted an arboreal (tree-dwelling) mode of life and evolved into lemur-like
primates. The adaptations of these ancestral primates to their new tree-living
mode of life are thought to have included a short nose, large eyes and
prominent ears, long flexible fingers with nail-like claws, and teeth well
adapted for eating insects. These features are found in tarsiers (lemur-like
primates) living today in Indonesia. Many other features
that evolved in ancestral primates as adaptations to an
arboreal life have been retained by modern primates.

These features include:

- A prehensile (grasping) limb: the hands (and often
the feet) of primates have long and highly mobile digits so
that they can grasp the branches of trees. The first digit
can oppose the remaining four digits, giving primates a
powerful grip. Primates have flattened nails that support
pads of sensitive skin on the fingers or toes.

- A mobile forearm: the clavicle (collar bone) and
scapula (shoulder blade) are adapted to allow a wide range
of movements. Mobile forearms are essential for moving
from tree to tree, and for manipulating objects in the hand;
for example, to transfer food to the mouth or to bring an
object to the eyes for closer examination.

- Well developed stereoscopic vision: the ability to judge distances is
essential for leaping from branch to branch. Primates have large, well
developed, forward-looking eyes with overlapping fields of view. The
development of stereoscopic vision has been associated with a flattening of the
face.

- A reduce sense of smell: it is not easy to locate scents through the
canopies of trees and primates have a reduced sense of smell and a relatively
small nose. Combined with the flattering of the face, a shorter nose is
associated with the development of stereoscopic vision, and has allowed the
development of facial muscles which play an important part in non-verbal
communication.

- An inspecialised digestive system: primates have relatively
unspecialised teeth and guts and they can exploit a wide range of food sources.
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Although some primates have a specialized herbivorous diet, all primate
families have some omnivorous members that have a mixed diet.

- A skull modified for upright posture: primates have an upright
posture associated with having a forward-looking face. The skull rests on top
of the vertebra and has a large opening, the foramen magnum, though which
the medulla of the brain emerges and extends downwards as the spinal cord.

- Reduced number of offspring: life in the trees is difficult and
dangerous, especially for young animals. Some arboreal animals, such as birds
and squirrels, build nests in which the young can be protected until they are old
enough to fend for themselves. Primates have adopted another strategy: from
birth, the young cling to the mother’s body and only slowly gain independence.
Primates produce few young but look after them for a long time: they have a
long gestation period a prolonged period of dependency after birth.

- A large brain: an active life in the trees requires precise movements
and therefore good muscular coordination, vision, tactile senses, memory,
thought, and learning. These processes depend on a large and highly developed
brain.

- A social groupings: all primates live to some degree in social groups in

which members cooperate with each other. Complex social behaviour
probably stems from the strong pair bond which enables a mother and her
young to remain closely together for a long time. Lengthy rearing of a small
number of young is most successful when he mother has support from other
adults. The continued success of a group of animals depends on the recruitment
of young helpers, and so evolves a social interdependency which is the basis of
our own human society.

The groups of modern primates

At about the same time as the dinosaurs became extinct, about 65 million
years ago, the primitive primates diverged quickly to give rise to two main
suborders; the prosimians (meaning “before apes”) and anthropoids (meaning
“ape fom”). The prosimians are represented today by lemurs, lorises, and
tarsiers, and the anthropoids by monkeys, apes, and humans.

Monkeys are distinguished from apes in having long tails, and the
forelimbs are not usually longer than the hindlimbs. They are believed to have
evolved from two different groups of lemur-like animals which became
isolated when continental drift separated Eurasia from North America. The
North American group evolved into New World monkeys which died out in
North America but somehow colonised South America. The Eurasia group
gave rise to Old World monkeys, from which apes and humans evolved. There
are several differences between Old World monkey and New World monkeys
which show their separate evolution. For example, the nostrils of monkeys
from South America are wide open and far apart, and New World monkeys
have a long tail that is prehensile (adapted for grasping branches); the nostrils
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of monkeys from Africa and Asia are narrow and close together and no old
World monkey has a prehensile tail.

m Glossary of essential terms for you to know

Ne English term Russian equivalent
1 to descend IIPOUCXOIUTH

2 common o0

3 behaviour [MOBEJCHUE

4 to be rooted in KOPHSIMH YXOJIUT B...

5 adaptation aarnTanus, IpUCIoCcoOIeHUE
6 ancestor IPE0K

7 to find out BBISICHUTH, OOHAPYKHUTh

8 to retain COXPAHSITh

9 relationship B3aMMOCBSI3b, POJICTBO

10 | mammal MJICKOITUTAIOIIEE YKUBOTHOE
11 | insectivores HACEKOMOSITHOE )KIBOTHOE
12 | shrew 3eMIJICpPOMKa

13 | arboreal JPEBECHBIN

14 | mode croco0

15 | prominent 3aMEeTHBIN

16 | finger nayien] pyku

17 |toe rajiel] HoTu

18 |claw KOTOTh

19 | nail HOT'OTh

20 | flexible IHOKHit

21 | toreduce YMEHBIIIATh

22 | well adapted XOPOIIO MPUCTIOCOOICHHBIH
23 | insects HACCKOMBIE

24 | feature yepTa, 0COOCHHOCTh

25 | prehensile (syn. grasping) | XxBaTaTeabHBIi

26 | limb KOHEYHOCTh

27 | digit naJiert (pPyKH UId HOTH)

28 | branch BETKA

29 | grip CXBaThIBAHUE

30 | to flatten BBIPABHHUBATh

31 | to support OAACPKUBATh

32 | sensitive qyBCTBUTENBHBIN

33 | skin KOXa

34 | forearm PEATIICYbE

35 |clavicle KJIIOYHUIa
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36 |scapula JoTaTKa

37 | essential HEOOXOIUMBII

38 | to transfer nIepeMenaTh

39 | vision 3peHue

40 |toleap IPHITATh

41  scent 3amax

41 guts KHIIIKA

42  omnivorous BCESITHBIN

43  skull geper

44 upright BEPTHKAJILHBIN

45  posture MOJIOKEHHUE

46  vertebra TI03BOHOK

47  spinal cord CIIMHHOM MO3T

48  toreduce YMEHBIIIATh

49  nest THE3I0

50 tofend JaBaTh OTIIOP

51 brain MO3T

52 tactile senses YyBCTBA OCA3AHHMS
53 bond CBSI3b

54  forelimb nepeaHssT KOHEYHOCTh
55  hindlimb 3aJIHAS KOHEYHOCTh
56  nostril HO3PS

57 tail XBOCT

m Your Essential Assignments

I. Quick check:

1. Primates evolved as a group adapted to an arboreal mode of life. Briefly

explain the importance of the following adaptions:

a. reduced sense of smell
b. opposable thumb

c. small, single uterus

d. flexible pectoral girdle.

1. Fill in the missing words:

Term (verb)

Adjective

reflect

adapt

grasp

depend

support




extinguish

separate

111. Use monolingual

English dictionary and write down what could the

words given below mean:

vision, limb, adaptation, modern, independence.

1VV. Match these words with their definitions:

1 primate A. ananimal that eats both meat plants

2 modern B. the smell of a particular animal or person that some
other animals, for example dogs, can follow

3 insectivore  C.  able to move easily

4 mammal D. ananimal is very like a human

5 omnivore E.  the bones of person’s or animal’s head

6 brain F.  acreature that eats insects for food

7.  scent G. connected with trees or living in trees

8. mode H. time belonging to the present time

9. ape I. the organ inside your head that controls how you
think, feel and move

10  mobile J.  one of the class of animals that drinks milk from its
mother’s body when it is young

11 digestion K. a member of the group of mammals that includes
humans and monkeys

12. arboreal L. a large monkey without a tail, or with a very short
tail

13. skull M. | concerning human society and its organization, or
the quality of people’s lives

14. social N. a particular way or style of behaving, living or
doing something

15. anthropoid O.  the process of digesting food

V. Find English equivalents to the following word combinations:

Ne Russian term English equivalent
1. | B HEKOTOpPOH CTEICHU
2. dbu3nYecKue U MOBEJICHYCCKHE
XapaKTePUCTUKH
3. | XBaTaTh BETKH JCPCBHEB
4. | He)KHAs KOKa Ha TMajbllaX PyKH WA HOTH
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o

IMOABUKHOC ITPCAIIIICYbC

o

IMOAHOCHUTD IIPCAMCT K I'JIa3aM JJIA
BHUMATCJIIbHOT'O U3YUYCHUS

XOpouio pa3BUTOC 3PCHUC

7
8. | mumeBapuTeIbHAS CUCTEMA
9 CMeEIIaHHas JueTa

10. | GOJBIION M BEICOKO Pa3BUTHIN MO3T

11. | nepeaHue u 3aIHUE KOHEYHOCTH

12. | HECKONBKO Pa3TUIHIMA

13. | xBarareabHbII XBOCT

V1. Give Russian equivalents to the following English terms:

Ne English term Russian equivalent

[N

descended with modifications from a
common ancestor

arboreal mode of life

ancestral primates

well adapted for eating insects

a prehensile limb

to allow a wide range of movements

to transfer food to the mouth

to locate scents

O OO N OIS WwdN

upright posture

10 | spinal cord

11 | aprolonged period of dependency after birth

12 | precise movements

13 | social grouping

14 | complex social behaviour

VI1I. Find synonyms among the pool of words:

Pool of words Synonyms
1)1.descend /2.grip /3.grasp /4.originate

2)1.digit/2.bond/3.scent/4.finger/5.link/6.smell /7.toe

3)1.feature /2. limb /3.characteristic /4. arm /5. leg

4)1.primitive /2.independence /3. freedom /4. ancient
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VIII. Answer the following questions. Use all information given before:

ook wnE

What has freed us from many of the effects of natural selection?
What does “arboreal mode of life” mean?

What features did ancestral primates have?

What features have been retained by modern primates?

What are the two main groups of modern primates?

How are monkeys distinguished from apes?

IX. Match the sentence halves. Make complete sentences:

1. Although our social and A. can be protected until they are old
technological  developments enough to fend for themselves.
have freed us from many of
the effects of natural selection,

2. About 75 million years ago B. and for manipulating objects in the
some of these insectivores hand.
adopted an arboreal

3. Primates have flattened nails C. (tree-dwelling) mode of life and
that support pads evolved into lemur-like primates.

4. Mobile forearms are essential D. and they can exploit a wide range
for moving from tree to tree, of food sources.

5. The development of E. our present-day physical and
stereoscopic vision has been behavioural  characteristics are
associated rooted in the adaptations of our

ancestors.

6. Primates have relatively F. of sensitive skin on the fingers or
unspecialized teeth and guts toes.

7. Some arboreal animals, such G. the prosimians (meaning “before
as birds and squirrels, build apes”) and anthropoids (meaning
nests in which the young “ape fom”).

8. The primitive primates H. with a flattening of the face.
diverged quickly to give rise to
two main suborders;

X. Read and translate the short text without any dictionary:

Fact of life:

Lemurs are cat-like primates that live exclusively in the tropical
rainforests of Madagascar. It is thought that ancestral lemurs became isolated
on the island about 50 million years ago and gradually diversified into 40
species. Lemurs have retained numerous primitive characteristics while at the
same time developing many features in parallel with monkeys and apes that
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evolved on the mainland. During this evolution, body mass gradually increased
(the ancestral species was very small) which corresponds with a shift away
from mainly nocturnal (night-time) activity to diurnal (day-time) activity. This
evolutionary trend is also seen among the monkeys and apes. Primitive lemur
species are small nocturnal animals that spend nearly all their time climbing
and leaping in trees, living mainly on insects. Several other species of lemur
(including Lemur catta) live on the ground. These more advanced lemurs
evolved to live in social groups, associated with their becoming diurnal. The
young grow up within a troop and much time is spent learning the skills of life,
individuals cooperate within the group to gather (fruit and leaves as well as
insects) and avoid predators. However, none of the lemurs have the manual
dexterity or intelligence of apes and monkeys.

XI. Food for thought:

Suggest how stereoscopic vision evolved by natural selection in arboreal
primates.

Biology Jokes

Biology and humor, as most students know, don't usually go hand in
hand. It's always nice, however, to step back and take a humorous look at
biology. Below is a listing of biology terms and their possible meanings.
Remember this is just for fun!

Humorous Biology Definitions

Antibody not in favor of anybody.
Amphibian someone who tells lies.
Aphotic doesn't like to take pictures.
Axon the name of a gas station.
B cell prison cell block.
Biogeography where | live.

Blood pressure persistent relatives.

Fauna likes (as in I am fauna you)
Fertilize very big lies.

Homeostasis stays at home.

Interferon to get in the way.
Microbodies short people.

Node past tense of know.
Organelle a small musical instrument.
Seed past tense of see.

Remember this is just for fun!
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UNIT VII. PHOTOSYNTHESIS

Text 7.1. Photosynthesis: An Overview

Basic Photosynthesis

m Essential targets:

Moo, By the end of this text you should be able to:
edescribe the overall process of photosynthesis and
\ A its importance to life on Earth;
carbon dioxidey IR A I ) ’ ]
:—;"f edescribe the structure and function of a
e chloroplast.

Pre-reading

m Discuss these questions with your partner. Then quickly scan the
text to see if you were right.

1. What is photosynthesis?
2. Why is photosynthesis considered as the basis of life?

m Read the given text and make your essential assignments:

Most plants have no structures for ingesting and digesting food. They
have no mouth and no alimentary canal, yet plant material is rich in
carbohydrates, proteins and fats. Instead of obtaining their food from other
organisms, plants make it for themselves using simple ingredients. They are
autotrophs (self-feeders).

What is photosynthesis?

A typical plant takes in carbon dioxide (from the air) and water (from the
soil) and builds these up into sugars and other complex substances. Oxygen is
released as a waste product. The energy in the chemical bonds of the raw
materials carbon dioxide and water is less than the energy in the chemical
bonds of the products. Therefore the reaction is endergonic and requires an
external source of free energy. This energy is supplied by sunlight that falls on
the plant. A green substance, chlorophyll, enables the plant to trap light energy
and use it to make sugars. The process of using sunlight to build up complex
substances from simpler ones is called photosynthesis.

Photosynthesis is a complex process which takes place in a series of small
steps. There are two main stages in photosynthesis: a light-dependent stage in
which water is broken down into hydrogen and oxygen using light energy; and
light-independent stage in which the hydrogen reacts with carbon dioxide to
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form a carbohydrate. Water is re-formed in this reaction. The light-dependent
stage happens only in the light; the light-independent stage happens both when
it is light and when it is dark.

Covering glucose to other substances

The glucose formed by photosynthesis is used as the raw material for
other chemical reactions. It is the main substrate used in respiration. Some of
the glucose is covered to other carbohydrates: cellulose to form cell walls;
sucrose to be transported to other parts of the plant; and starch for storage.
Some of the glucose is combined with minerals from the soil to make proteins
and other complex organic substances. Although light is needed for making
glucose, it is not needed for turning the glucose into these other substances.

Photosynthesis: the basis of life

Green life has been steadily pumping out oxygen as a waste product of
photosynthesis for millions of years. Some of the oxygen is used as a raw
material for respiration, but most of it has accumulated in the atmosphere. So
the very existence of our oxygen-rich atmosphere depends on the
photosynthesising activities of green life.

Animals cannot make their own food. The only way they can obtain
complex organic substances is by eating other organisms. These organisms
ultimately depend on the ability of plants to harvest energy from sunlight to
make food from carbon dioxide and water. Life on Earth is almost entirely
solar powered.

The site of photosynthesis

Although, leaves are the main sites of
photosynthesis in most plants, it can take place in any
part that is green. These green parts have chloroplasts,
which contain all the biochemical machinery necessary
for the light-dependent and light-independent stages of
photosynthesis.

Chloroplasts act as compartments, isolating the
photosynthetic reactions from other cellular activities.
Each chloroplast consists of two membranes enclosing
a gelatinous matrix called the stroma. The stroma contains ribosomes, circular
DNA, and enzymes used in photosynthesis. Suspended in the stroma are
thylakoids. These are disk-like membrane sacs, several of which are stacked in
a group to form a granum (plural grana). The space inside each thylakoid in a
stack is connected with the other thylakoids in the stack, forming a continuous
fluid-filled compartment called the thylakoid space. The thylakoid membranes
contain photosynthetic pigments, including chlorophyll.

I Cuticie

Epidemis
Palisade

Stomata

s .. ———Chloroplasts

Quter membrang
! —Inner membrans

— Lamellag
Strama
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m Glossary of essential terms for you to know

Ne English term Russian equivalent
1 ingestion IPUEM TTUTITN

2 digestion niepeBapyUBaHKe MTUIIN

3 alimentary canal IUIIEBAPUTEIbHBIA TPAKT
4 raw CBIpOH

5 to enable J1aBaTh BO3MOXHOCTD

6 to take place IIPOUCXOIUTH

7 to convert MpeBpaIaTh

8 substrate MUTATEIIbHAs Cpea

9 starch Kpaxmail

10 |storage HAKOTUICHUE, XpAHEHUE
11 | complex CITOYKHBIN

12 | a waste product MIPOAYKT OTXOJ1a

13 | entirely MIOJTHOCTBIO

14 | site MECTO

15 |to enclose OKpYKaTh

m Your Essential Assignments

I. Quick check:

1. During photosynthesis, what gas is:

a. raw material
b. product?

2. Give the precise location in a typical terrestrial plant of:
a. the light-dependent stage
b. the light-independent stage of photosynthesis.

1. Fill in the missing words:

Term (verb) Adjective
react | .
accumulate | ... | L
produce | ..
require | L. L.
connect | .|

I11. Use monolingual English dictionary and write down what could the
words given below mean:

plant, leave, ingredient, substance, raw, energy.
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1VV. Match these words with their definitions:

1 Photosynthesis A. a type of solid or liquid that has particular
characteristics

2 Chlorophyll B. natural light that comes from the sun

3 Substance C. one of several good substances such as sugar
which consist of oxygen, hydrogen, and carbon
and which provide your body with heat and
energy

4 Soil D. the green substance in leaves

5 Respiration E. one of the many substances that exist in food
such as meat, eggs, and beans, which help your
body to grow and keep it strong and healthy

6 Waste F. achemical substance produced by living cells in
plants and animals, that causes changes in other
chemical substances without being changed
itself

7. Sunlight G. the production by a green plant of special
substances like sugar that it uses as food, caused
by the action of sunlight on chlorophyll

8.  Glucose H. the smallest part of a living thing that can exist
independently

9.  Protein I. the process of breathing

10 Fat J. things that people and animal eat

11  Carbohydrate K. a very thin piece of skin that covers or connects
parts of the body

12. food L. anatural form of sugar that exists in fruit

13. enzyme M. the top layer of the earth in which plants grow

14, cell N. Unwanted materials or substances that are left
after you have used something

15. membrane O. an oily substance contained in certain foods

V. Find English equivalents to the following word combinations:

Russian term English equivalent

MIPUEM U NIEPEBAPUBAHUE TTHUIIN

HI/IH_[eBapI/ITeJIBHBIﬁ TPpaKT

BMCCTO...

CJIOKHBIC BCIICCTBA

IIPOUCXOAUT TOJIBKO IIPHU CBETC

XUMHUUYCCKHUC PCAKIINHN

NOOTAWN
1o

IJIaBHaA IMUIICBAPUTCIIbHAA CPCaa
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8. | IpOM3BOIUTH CBOIO COOCTBEHHYIO €1y

9. | cnocoOHOCTh pacTeHUil MOITy4daThb HSHEPTUIO OT
COJTHIIA

10. | k;meToYHast aKTUBHOCTH

11. | cocTouT M3 ABYX MeEMOpaH

V1. Give Russian equivalents to the following English terms:

e

English term Russian equivalent
to be rich in carbohydrates, proteins and fats
simple ingredients
a waste product
raw materials
external source of free energy
to be supplied by sunlight
light-dependent stage
light-independent stage
to form cell walls
10 | complex organic substances
11 | the main site of photosynthesis
12 | a fluid-filled compartment

LOCX)\ICDO"I-&OONI—‘Z

VII. Find synonyms among the pool of words:

Pool of words Synonyms
1)1.plant /2.substance /3. material /4.herb
2)1.digestion /2.energy /3.assimilation /4. power
3)1.obtain /2.act /3.connect /4.join /5.react /6.get
4)1.gather/2.enclose /3.surround /4.accumulate

VIII. Answer the following questions. Use all information given before:

1. What is plant material rich in?

2. Do plants make their food for themselves?

3. What is chlorophyll?

4. What is the role of chlorophyll?

5. What process is called photosynthesis?

6. What are two main stages in photosynthesis?

7. What is the difference between light-dependent and light-independent
stage?
8. What is the main site of photosynthesis in most plants?
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IX. Match the sentence halves. Make complete sentences:

1. Most plants have no structures  A. plants make it for themselves

using simple ingredients.

2. Instead of obtaining their food  B. to trap light energy and use it to
from other organisms, make sugars.

3. Atypical plant takes in carbon  C. which contain all the biochemical
dioxide (from the air) and water machinery necessary for the light-
(from the soil) dependent and light-independent

stages of photosynthesis.

4. A green substance, chlorophyll, D. as the raw material for other
enables the plant chemical reactions.

5. The process of using sunlightto E. and builds these up into sugars
build up complex substances and other complex substances.
from simpler ones is

6. There are two main stages in F. for ingesting and digesting food.
photosynthesis: a light-
dependent stage in which water
Is broken down into hydrogen
and oxygen using light energy;

7. The glucose formed by G. And light-independent stage in
photosynthesis is used which the hydrogen reacts with

carbon dioxide to form a
carbohydrate.

8. These green parts have H. called photosynthesis.
chloroplasts,

X. Read and translate the short text without any dictionary:

Fact of life:

It has been estimated that if all the land surface of the Earth could support
plants, enough food could be produced to feed 1000 billion people. Of course,
this is unrealistic because not all land is suitable for growing plants, and some
land is needed for urban and recreational uses. However, even if only 7 per
cent of the land surface were made agriculturally productive, plants could
produce enough food to support 79 billion people. According to United
Nations estimates, in 1994 the world population was 5.6 billion and is likely to
be about 8.2 billion by 2025.
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XI. Food for thought:

Less than one per cent of the solar energy that falls on the Earth is used
by plants for photosynthesis. Suggest what happens to the other 99 per cent of
solar energy.

Text 7.2 Factors Affecting The Rate Of Photosynthesis
m Essential targets:

By the end of this text you should be able to:

e describe the main factors affecting the rate of photosynthesis;
e cxplain the meaning of the compensation point;

e define the law of limited factors.

Pre-reading
m Talk about the following two questions with your partner.
1. Is photosynthesis affected by many factors?
2. How does photosynthesis depend on light intensity, temperature, wind

velocity, carbon dioxide level?
Then scan the text to compare your ideas with the author's.

m Read the given text and make your essential assignments:

The rate of photosynthesis can be measured as the volume of carbon
dioxide taken in by a part per init time, or as the amount of carbohydrate
produced per unit time. In laboratory investigations, the rate is commonly
estimated as the volume of oxygen released per unit time, which is more easily
measured. However, this method does not give an accurate measure of
photosynthesis. Some of the oxygen generated by photosynthesis is used by the
plant for respiration. Respiration goes on all the time, even when
photosynthesis is at its height. So using oxygen liberation as a measure of
photosynthesis gives an underestimate of the true rate. We are actually
measuring the rate of photosynthesis above a point called the compensation
point, defined as: the point at which the rate of photosynthesis in a plant is in
exact balance with the rate of respiration, so there is no net exchange of
carbon dioxide or oxygen. The compensation point is usually related to a
particular light intensity or carbon dioxide level.

Factors that affect the rate of photosynthesis

Photosynthesis is affected by many factors, both external (in the
environmental) and internal (inside the plant). External factors include light
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intensity, the wavelength of light, carbon dioxide levels, temperature, wind
velocity, and water and mineral supplies. Internal factors include type and
concentration of photosynthetic pigments, enzyme and water content, and leaf
structure, and position.

The effect of many of these factors is difficult to determine quantitatively
because they interact, they also affect other processes in the plant. For
example, the importance of water to photosynthesis cannot be demonstrated
easily. Simply depriving a plant of water kills it, but the cause of death may not
be connected with photosynthesis. The importance of water can be
demonstrated using water labeled with a heavy isotope of oxygen, **0, and
tracing the isotope using an instrument called a mass spectrometer which can
measure the masses of atoms. One batch of Chlorella (green algae) is placed in
water in which the oxygen atoms have been replaced by the heavy isotope.
Then a second batch of Chlorella in unlabelled water is given a supply of
carbon dioxide labeled with **O. Only the first batch of Chlorella gives off
oxygen labeled with 0, confirming that the oxygen formed in photosynthesis
comes only from water, not from carbon dioxide.

Light intensity, carbon dioxide concentration, and temperature are three
external factors that are relatively easy to manipulate. Consequently they have
been the focus of many investigations on photosynthesis.

Light intensity

R R The rate of photosynthesis is directly proportional
. 1 to light intensity. A typical plant responds to changes in
light intensity. Very high light intensities may actually
: | damage some plants, reducing their ability to
— = photosynthesise.

The light compensation point (the light intensity at
which the rate of photosynthesis is exactly balanced by the rate of respiration)
varies for different plants. Two major groups have been identified: sun plants
and shade plants. Sun plants include most temperate trees, such as oak. They
photosynthesise best at high light intensities. Shade plants include those of the
shrub layer, such as ferns. Their light compensation point is relatively low, but
they cannot photosynthesise very efficiently at high light intensities.
Consequently sun plants outcompete shade plants at high light intensities.

Carbon dioxide levels

The average carbon dioxide content of the atmosphere is about 0.04 per
cent. As long as there is no other factor limiting photosynthesis, an increase in
carbon dioxide concentration up to 0.5 per cent usually results in an increase in
the rate of photosynthesis. However, concentrations above 0.1 per cent can
damage leaves. Therefore the optimum concentration of carbon dioxide is
probably just under 0.1 per cent. In dense, warm, and well-lit vegetation, low
levels of carbon dioxide often limit the rate of photosynthesis. Growers of
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greenhouse tomatoes recognise this and provide a carbon dioxide enriched
atmosphere for their plants.

Temperature

Changes in temperature have little effect on the reactions of the light-
dependent stage because these are driven by light, not heat. However, the
reactions of the Calvin cycle are catalysed by enzymes which, like all
enzymes, are sensitive to temperature. The effect of temperature on these
reactions is similar to its effects on other enzymes. The optimum temperature
varies foe each species, but many temperate plants have an optimum
temperature between 25° C and 30° C.

Law of limiting factors

So far we have looked at the effects of isolated factors. However, under
natural conditions plants are subjected to many factors simultaneously. The
law of limiting factors state that: when a physiological process depends on
more than one essential factor being favourable, its rate at any given moment
is limited by the factor at its least favourable value and by that factor alone.
When other factors are kept constant, an improvement in the value of the
limiting factor leads to an increase in the rate of the process. Conversely, when
the rate of the process does not increase in response to an improvement in an
important factor, some other factor is limiting to process. For a process to go at
its maximum rate, all factors must be at their optimum level.

m Glossary of essential terms for you to know

Ne English term Russian equivalent
1 rate pazMep

2 to measure HU3MEPSIThH

3 | volume 00BeM

4 amount KOJINYECTBO
5 to release BBINYCKATh

6 pondweed paect

7 accurate TOYHBIN

8 respiration JIbIXaHUE

9 point TOYKa

10 |exact TOYHBIN

11 | to be related to OTHOCHUTBCS K
13 | external BHEITHHI

14 | internal BHYTPEHHUI
15 | wavelength JUIMHA BOJIHBI
16 | velocity CKOPOCTh

17 | supply CHaOKCHHE
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18 | leaf (pl. leaves) JUCTOK

19 | to determine OTIPEICIIATh

20 | to interact B3aMMOJIEIICTBOBATH
22 | to damage TTOBPEIKIATh

23 | to reduce YMEHBIATh

24 | oak ay0

25 | shrub KyCT

26 | fern MAITOPOTHHUK

27 | content cojepKaHue

29 | sensitive qYBCTBUTEILHBIN
30 |tovary U3MEHSATH

31 | tosubject I0JIBEpPraTh

32 | constant MTOCTOSTHHBIM

m Your Essential Assignments

I. Quick check:

1. Why is difficult to demonstrate the importance of water to
photosynthesis?
2. How does the light compensation point of a shade plant differ from that
of a sun plant?
1. Fill in the missing words:
Term Noun Adjective

measure | | .
subject | | Ll
interact | .| L
recognise | .|
concentrate | ... | ..

I11. Use monolingual English dictionary and write down what could the
words given below mean:
concentration, factor, intensity, light, wavelength, vegetation.

V. Match these words with their definitions:

1 photosynthesis A.  connected with the outside of a surface

2 investigation B.  the amount of space that a substance or object
contains or fills

3 light C. the production by a green plant of special
substances like sugar that it uses as food,
caused by the action of sunlight on chlorophyll
4 factor D. the process of making chemical reaction
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quicker by adding a catalyst

5 external E.  asmall bush with several woody stems

6 internal F.  one of the possible different forms of an atom
of a particular element

7. supply G. an official attempt to find out the reasons for
something such as a crime, accident or
scientific problem

8.  catalysis H.  the energy from the sun, a lamp, a flame etc.
that allows you to see things

9. limiting l. inside something

10  shrub J.  a chemical substance produced by living cells
in plants and animals, that causes changes in
other chemical substances without being
changed itself

11  to measure K. preventing any improvement or increase in
something

12.  volume L. one of several things that influence or cause a
situation

13. enzyme M. an amount of something that is available to be
used

14. velocity N.  to find the size, length, or amount of something
using standard units

15. isotope O. the speed at which something moves in a
particular direction

V. Find English equivalents to the following word combinations:

z

Russian term

English equivalent

TOYHOE U3MEPEHUE

HCIIOJIB3YCTCS PACTCHHUAMMU JJIA JIBIXaHUA

BHEIIIHUE U BHYTpPEHHUE (HaKTOPHI

MOKET OBITh IIpoACMOHCTPHUPOBAHO

MPSIMO MPOIMOPIIMOHATBLHO YEMY-JIHOO0

N3MCHCHUA B TCMIICPATYPEC

OTrpaHUYMBAIOIINN (PaKTOp

HauMeHee 0JaronpusITHHIN

© NSO~ WN

IMPUBOJHUT K YBCIIMYCHUIO

10.

B OTBCT Ha

11.

ONTUMAJIbHBIA YPOBEHB

V1. Give Russian equivalents to the following English terms:

\NQ

English term

Russian equivalent

1

the rate of photosynthesis
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produced per unit time

compensation point

light intensity

concentration of photosynthetic pigments

a heavy isotope of oxygen

sun plants and shade plants

to be sensitive to temperature

to be driven by light

0 | to be similar to

1 | have little effect on the reactions

2 | under natural conditions

VI

I. Find synonyms among the pool of words:

Pool of words Synonyms

1)

1.external/2.limit/3.outer/4.internal/5.inner/6.end-point

2)

1.rate/2.measure/3.degree/4.level/5.proportion/6.position

3)

1.factor /2.strength /3.component /4.intensity

4)

1.improvement /2.isolated /3.separated /4.development

VI

I1. Answer the following questions. Use all information given before:

NogabkowdrE

the
8.

How can the rate of photosynthesis be measured?

What is the compensation point?

What is the compensation point related to?

Is photosynthesis affected by external and internal factors?

What do external factors include?

What do internal factors include?

What is the effect of light intensity, carbon dioxide level, temperature on
rate of photosynthesis?

What does the law of limiting factors state?

IX. Match the sentence halves. Make complete sentences:

1. The rate of photosynthesis A. Ight intensity, the wavelength of
can be measured as light, carbon dioxide levels,
temperature, wind velocity, and
water and mineral supplies.
2. The compensation point is B. to light intensity.
usually related to
3. Photosynthesis is affected C. tpe and concentration of
by many factors, photosynthetic pigments, enzyme
and water content, and leaf structure,
and position.
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External factors include

its rate at any given moment is
limited by the factor at its least
favourable value and by that factor
alone.

Internal factors include

both external (in the environmental)
and internal (inside the plant).

The rate of photosynthesis
is directly proportional

because these are driven by light, not
heat.

Changes in temperature
have little effect on the
reactions of the light-
dependent stage

the volume of carbon dioxide taken
in by a part per init time, or as the
amount of carbohydrate produced
per unit time.

When a  physiological
process depends on more

a particular light intensity or carbon
dioxide level.

than one essential factor
being favourable,

X. Read and translate the short text without any dictionary:

Fact of life: The atmosphere contains less than 0.04 per cent carbon dioxide,
yet each year plants make more than 200 billon tones of carbon compounds
from this meagre supply of carbon dioxide.

XI. Food for thought:

Seaweeds grow on rocky shores, in zones with different species growing
at different heights above the low-tide mark. Suggest how the light
compensation point of seaweeds at the low-tide mark differs from that of
seaweeds close to the high-water mark.

Text 7.3. Photosynthesis In Different Climates

m Essential targets:

By the end of this text you should be able to:

edistinguish between C;and C, plants;

eexplain the advantages and disadvantages of
crassulacean acid metabolism (CAM);

egive examples of C3 C, and CAM plants.
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Pre-reading

m With a partner, consider the following questions and try to answer
them. Then quickly scan the text to check your answers.

1. What is necessary for plants to survive in different climates?
2. Do you know the ways of fixing carbon dioxide?

m Read the given text and make your essential assignments:

Green plants thrive in environments ranging from hot and dry equatorial
regions to freezing-cold polar regions. Their success depends on their
adaptability. To survive and breed, each plant has had to evolve specific
adaptations to cope with the demands of its particular environment. These
adaptations include ways of fixing carbon dioxide.

C; plants: fixing directly into the Calvin cycle

C; plants fix carbon dioxide directly into the Calvin cycle as the three-
carbon compound glycerate 3-phosphate (GP). Common and widely
distributed, they include some of our most important crop plants such as wheat,
soya beans, and rice. C; plants function efficiently in temperature conditions.
However, they suffer two major disadvantages in hot, dry environments.

First, to obtain sufficient carbon dioxide, C; plants must open their
stomata (small pores in their leaves). Unfortunately, when stomata are open,
they not only allow carbon dioxide to enter the plant, but also allow water to
escape. So in hot dry conditions C; plants have to -either cease
photosynthesising or run the risk of wilting and dying.

The second disadvantage relates to the ability of ribulose biphosphate
carboxylase (ribosco) to combine with oxygen. Ribosco is the enzyme that
catalyses carbon dioxide fixation. On a hot, sunny day carbon dioxide
concentrations around photosynthesising cells decrease, because a large
proportion of the carbon dioxide is being used up on photosynthesis. In these
conditions, ribosco combines with oxygen rather than carbon dioxide in a
process called photorespiration. The process results in the loss of fixed carbon
dioxide from the plant, reducing photosynthetic efficiently and plant growth.
Unlike photosynthesis, photorespiration does not produce sugar molecules; and
unlike respiration, it yields no ATP. As much as half of the carbon dioxide
fixed in the Calvin cycle may be released by photorespiration. Therefore, in
hot, arid conditions, or in conditions where carbon dioxide levels are low, Cs
plants do not grow well.

C, plants: the Hatch-Slack pathway

C4 plants have evolved a special metabolic adaptation which reduces
photorespiration. They do not use ribulose biphosphate (RuBP) to fix carbon
dioxide directly into the Calvin cycle. Instead, they use phosphoenolpyruvate
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(PEP) to fix carbon dioxide as a four-carbon compound, oxaloacetate. The
reaction is catalysed by phosphoenolpyruvate carboxylase (PEP, carboxylase).
This enzyme cannot combine with oxygen. Consequently C, plants can
continue to fix carbon dioxide even when its concentration is very low.

The leaves of C,4 plants are specially adapted to carry out this initial
fixation. A ring of large closely packed cells called the bundle sheath
surrounds the leaf veins. Surrounding the bundle sheath is a smaller ring of
mesophyll cells. The distinctive arrangement is called Kranz anatomy and can
be used to identify C4 plants (“Kranz” means crown or halo and refers to the
two distinctive rings). The initial fixation of carbon dioxide into oxaloacetate
takes place in the small ring of mesophyll cells. Then the oxaloacetate is
converted to malate, another four-carbon compound. Malate is transported into
the bundle sheath cells where it releases carbon dioxide. Once released, the
carbon dioxide is reassimilated by RuBP and enters the Calvin cycle in the
same way as described for C; plants. The metabolic pathway that transports
carbon dioxide into the bundle sheath cells is called the Hatch-Slack pathway.
As a result of this pathway, the concentration of carbon dioxide in the bundle
sheath cells is 20 to 120 times higher than normal.

C4 plants have two main advantages in hot, dry environments. First,
because PEP carboxylase has a high affinity for carbon dioxide and does not
combine with oxygen, C, plants can continue to photosynthesise even when
their stomata are closed for long periods. This reduces water loss and
photorespiration. C4 plants need only about half as much water as C; plants for
photosynthesis. Secondly, because high carbon dioxide concentrations can be
maintained in the bundle sheath cells, C, plants can increase their
photosynthetic efficiency. ;

These adaptations enable C, plants to outcome C;
plants in hot and very sunny conditions, but not in B
temperate conditions. Fewer than 0.5 per cent of plant
species are C, plants, yet they include economically
important crops such as maize, sugar cane, and millet.

CAM plants: photosynthesizing in the desert M et

Although C, plants are well adapted to occasional periods of drought
they cannot cope well with desert conditions. A group of plants including cacti
and pineapples have evolved a third type of carbon dioxide fixation which
enables them to survive in very dry climates. These plants are called CAM
plants. CAM is an abbreviation for crassulacean acid metabolism, a type of
metabolism first observed in the family of plants called Crassulaceae (which
includes the stonecrops, fleshy-leaved plants that will grow on rocks and
walls).

CAM plants conserve water by only opening their stomata at night.
During the night, they fix carbon dioxide into oxaloacetate which is converted
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into malate. This acts as a carbon dioxide storage compound. During the day,
malate releases carbon dioxide into the Calvin cycle. This allows
photosynthesis to take place on hot, dry, sunny days, even though the stomata
are closed.

CAM plants conserve water very well and are able to survive in
extremely dry conditions, but CAM plants do not photosynthesise very
efficiently. Most are very slow growing. Where there is plenty of water, CAM
plants cannot compete well with C; and C, plants.

CAM plants and C, plants have a similar metabolism: carbon dioxide is
first fixed into a four-carbon intermediate before it enters the Calvin cycle.
However, in CAM plants the initial fixation and the Calvin cycle occur at
separate times, whereas in C,4 plants the initial fixation and the Calvin cycle are
separated structurally but both occur during the day. C, plants live in hot, very
sunny, and periodically dry environments but where lack of water is rarely a
limiting factor (partly because the plants can reduce water losses due to their
C4 metabolism) and annual rainfall is high (typically, tropical rainforest-type
climates); CAM plants are desert plants that live in areas of very low annual
rainfall. Note that C;, C4, and CAM plants all eventually use the Calvin cycle
to make glucose from carbon dioxide.

m Glossary of essential terms for you to know

Ne English term Russian equivalent
1 to thrive paspacTarbcs

2 to depend on 3aBHCHT OT

3 to adapt MIPUCIIOCOOUTHCS

4 to survive BBDKUBATh

5 to release BBIIYCKaTh

6 to breed Pa3MHOXKaThCs

7 to cope with CIIPABHTHCS C

8 photorespiration | cBeToBOE JbIXaHHE

9 to fix 3aKpENUTh, GUKCHPOBATH
10 | compound CMeCh

11 | to relate to OTHOCHUTBCS K

12 | efficiently IPOTYKTUBHO, 3 PEKTUBHO
13 | temperate yMEpEHHBI

14 | to suffer CTpaJaTh

15 | sufficient JIOCTATOYHBIH, ITOIXO0 TSN
16 | to escape yOexaTh

17 |tocease MpeKpaniaTh

18 | leaf JMCTOK

19 |to wilt ociabeBaTh
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20 | to decrease YMEHBIIIAThCS

21 |tocombine 00BEIUHATH

22 | loss oTeps

23 | to reduce YMEHBIIATh

24 | to evolve pa3BUBAThH

25  tocarry out BBITIOTHATH

26  bundle sheath 0OKJIaJIKa COCYAUCTBIX MYyYKOB
27 vein BEHA, XKUJIKA

28  to surround OKpYKaTh

29  cell KJICTKA

30 initial TICpPBOHAYAIBHBIN

31  pathway TpoOIIa, MyTh

32  carboxylase KapOOKCHIIa3a

35 toincrease YBEJIIMYUBATD

36 toenable I03BOJISATh

37  to compete KOHKYpPHUPOBATh, COTIEPHUYATH
38 maize KyKypy3a

39  sugar cane caxapHbIM TPOCTHHUK
40  millet IPOCO

41  drought 3acyxa

42  desert Iy CTBIHS

43  rock ropHas opoJia, cKaia
44  to conserve COXPaHSITh

45  to enter BXOJIUTH

46  to occur MIPOUCXO/IUTh

47  lack of HEJI0CTaTOK

48 annual €)KEr0THBII

49 rainfall OCaIKU

50  rainforest TPOIUYCCKUH JIeC

m Your Essential Assignments

l. Quick check

1. Name two C; plants.

2. Why is sugar cane called a C, plant?

3. When do CAM plants fix carbon dioxide?

4. Suggest which type of carbon dioxide fixation (C;, C4, or CAM) is
most efficient:

a. If it is not hot and sunny and the carbon dioxide level is low, but water

Is freely available
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b. In hot, dry and sunny climates where stomata are closed
c. In bright light and temperate regions where there is an ample water

supply.

1. Fill in the missing words:

Term (verb) Noun Adjective
adapt | .
fix L
conserve | ... |
separate | ... | L
dy L

I11. Use monolingual English dictionary and write down what could the
words given below mean:

adapt, hot, dry, condition, growth, compound.

1VV. Match these words with their definitions:

1 adaptation A. happening at the beginning, first

2 metabolism B. a large amount of something in one place or
area

3 cycle C. the gas produced when animals breathe out,

when carbon is burned in air or when anima
or vegetable substances decay

4 initial D. a plant such as wheat, rice or fruit that is
grown by farmers, especially in order to be
eaten

5 sufficient E. the state of not having something, or not
having enough of it

6 wilt F.  chemical activity in your body that uses food
to produce the energy you need to work and
grow

7. concentration G. To continue to exist in spite of many
difficulties and dangers

8.  desert H. To succeed in dealing with a difficult problem
or situation

9. carbondioxide 1.  the smallest part of a living thing that can exist
independently

10  survive J.  As much as is needed for a particular purpose;
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enough

11  crop plant K. | To stop doing something or happening

12. cope with L. a number of events happening in a regularly
repeated order

13. cell M. if a plant wilt, it bends over because it is too
dry or old

14. cease N. the process by which something changes or is
changed so that it can be used in a different
way or in different conditions

15. lack of O. a large area of sand where it is always very
hot and dry

V. Find English equivalents to the following word combinations:

Russian term

English equivalent

KAPKHUHM U CyXOM DKBATOPUAIIBHBIA PETUOH

3aMep3arlInii NOJISIPHBIA PETUOH

TIIIEHUIIA, COeBbIE 000BI U PHUC

yMEPEHHBIE YCIOBUS

MAaJICHBKHUC IIOPLI B JIMCTBAX

YMCHLITIACT CBETOBOC JIbIXaHUC

HpI/ICHOCO6HCHBI, YTOOBI BBIITOJIHATH

YMCHbIIACT IOTCPH BOIBI

.“’90.\‘@.(“:“90!\’!*2
1©

BBICOKAsI KOHIOCHTPpAIUA YIJICKHUCIIOTO Ira3a

CIIpaBJIATHCA C YCJIOBHUAMMU 1TYCTBIHU

el
= o

BBIKUTBH B O4YC€HDb CYXOM KIIMMATC

V1. Give Russian equivalents to the following English terms:

)

English term

Russian equivalent

thrive in environments

cope with the demands

ways of fixing carbon dioxide

common and widely distributed

hot, dry environments

obtain sufficient carbon dioxide

allow water to escape

cease photosynthesising

@CX)\ICDO"I-&OONI—‘Z

plant growth

[HEN
o

the loss of
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11

a special metabolic adaptation

12

leaf veins

13

the metabolic pathway

14

the bundle sheath

15

photosynthetic efficiency

16

survive in extremely dry conditions

17

occur at separate times

VI1I. Find synonyms among the pool of words:

Pool of words

Synonyms

1)1.thrive/2.lack/3.grow/4.absence/5.cycle/6.rotation

2)1.damage/2.harm/3.cease/4.condition/5.situation/6.finish

3)1.efficient /2.sufficient /3.ample /4.productive

4)1.annual /2.drought /3.lack of rain /4.once a year

VIII. Answer the following questions. Use all information given before:

©CoNoarwdE

Where do green plants thrive?
How do C; plants fix carbon dioxide?
What are two major disadvantages of C; plants in hot, dry environments?
How do C, plants fix carbon dioxide?
What are the bundle sheath cells?

What is the Hatch-Slack pathway?
What are two main advantages of C, plants in hot, dry environments?
What are CAM plants?
Why can CAM plants survive in very dry climates?

IX.Match the sentence halves. Make complete sentences:

1. Green plants thrive in A. open their stomata (small pores in
environments ranging from their leaves).
2. Csplants fix carbon dioxide B. the Hatch-Slack pathway.
directly
3.  To obtain sufficient carbon C. carbon dioxide is first fixed into a
dioxide, C; plants must four-carbon intermediate before it
enters the Calvin cycle.
4. C4plants have evolved a D. into the Calvin cycle as the three-
special metabolic adaptation carbon compound glycerate 3-
phosphate (GP).
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5. Aring of large closely packed E. hot and dry equatorial regions to
cells called freezing-cold polar regions.

6. The metabolic pathway that F. which reduces photorespiration.
transports carbon dioxide into
the bundle sheath cells is

called t

7.  CAM is an abbreviation for G. crassulaceae (which includes the
crassulacean acid metabolism, stonecrops, fleshy-leaved plants
a type of metabolism first that will grow on rocks and
observed in the family of walls).
plants called

8. CAM plants and C,4 plants H. the bundle sheath surrounds the
have a similar metabolism: leaf veins.

X. Read and translate the short text without any dictionary:

Fact of life:

Plants are not very efficient at harnessing energy from the sunlight they
receive. Under the most carefully controlled laboratory conditions plants can
reach 25% efficiency but on cloudy days the natural photosynthetic efficiency
of most individual plants is about 0.1%. The annual winter evening primrose,
Oenothera claviformis, has the highest natural photosynthetic efficiency at 8%,
closely followed by sugar cane at 7%.

XI. Food for thought:
If C4 plants have a greater photosynthetic efficiency than C; plants, suggest
why all plants do not have C, metabolism.

Biology Jokes
Enjoy funny biology jokes while taking a break from serious science.

What do you call the leader of a biology gang? - The nucleus

Blood flows down one leg and up the other.

The pistol of a flower is its last line of defense against insects.

Mushrooms look like umbrellas because they grow in damp places.

A couple of biologists had twins. One they called John and the other

Control.

e Genetics explain why you look like your father and if you don't why
you should.

e \When you breathe, you inspire. When you do not breathe, you expire.

e Three kinds of blood vessels are: arteries, vanes, and caterpillars.
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UNIT VIII. STRUCTURE AND TRANSPORT IN PLANTS

Text 8.1 The Leaf

m Essential targets:

LEAF PART NAMES By the end of this text you should be able to:
edescribe the structure of a dicotyledonous
/" | leaf;
\ edistinguish between parenchyma,
|pecioe Blade collenchyma, clerenchyma and sclerenchyma.
e Pre-reading

m Working in pairs, discuss the following questions with your partner:
1. What does leaf shape provide?
2. How are leafs arranged on many plants?

m Read the given text and make your essential assignments:

The leaf is the main site of photosynthesis, the process by which green
plants manufacture their own food. The lamina or blade of a leaf is flat and
thin. Its shape provides a large surface area for absorption of light and carbon
dioxide. The leaf is attached to a stem or branch by a leaf stalk or petiole. The
stalk holds the leaf in a position such that its surface is exposed to the
maximum amount of light. From the stalk, the main vein leads down the leaf
with side veins branching out on either side. These veins connect the leaf to the
rest of the plant, bringing the leaf some of the raw materials required for
photosynthesis, and carrying products of photosynthesis away from it. This
veins also provide mechanical support, maintaining the shape of the leaf. The
stem and branches raise the leaves above the ground so they are exposed to the
light. On many plants the leaves are arranged on branches in such a way that
they do not shade one another.

The tissues of a leaf

In common with stems and roots, leaves are made up of three main types
of tissue: epidermal tissue, vascular

tissue, and ground tissue. Each tissue forms a continuous system
throughout the plant.
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The epidermis covers and protects the leaves. It is the first line of defence
against physical damage, infection, and being eaten. The upper epidermis
consists of one or more layers of rectangular cells. In terrestrial plants, these
epidermal cells secrete a waxy coating called the cuticle. The waxy cuticle is
waterproof, minimising  water loss from the surface of the leaf. It is often
thicker on the upper surface, making this surface appear more shiny than the
lower surface.

The epidermis is perforated by microscopic pores called stomata. Stomata
allow carbon dioxide and oxygen to gain easy access into the plant, but also
allow water to escape. Each stomata is flanked by a pair of guard cells that
regulate the size of the pore, closing it in times of water stress. Water is more
likely to be lost from the upper surface of a leaf because it is more exposed to
sunlight. The upper surface usually has fewer stomata than the lower surface;
this minimises water loss.

The vascular tissue consists of veins adapted to transpsort liquid
substances around the plant, and it is made up of vascular bundles, groups of
vessels running from the root up the stem and to the leaves. Xylem forms the
upper part of a vascular bundle in the leaf, bringing water and mineral salts to
the leaf. Phloem forms the lower part of a bundle, transporting sucrose and
other products of photosynthesis away from the leaf.

Ground tissue is all the tissue in a plant other than the epidermis,
reproductive tissue, and vascular tissue. It makes the bulk of a leaf and consists
mainly of parenchyma cells reinforced by collenchyma and sclerenchyma.

The cells of the ground tissue

Parenchyma cells are the least specialised of plant cells; they are
characterised by having intercellular air spaces which vary in size. Parenchyma
cells are regarded as the basic cells from which other cells have evolved.
Parenchyma cells form the packing tissue of plants, and include the palisade
cells and spongy mesophyll cells which make up the main photosynthesising
tissue in the leaf.

Palisade cells are a dense green colour due to the numerous chloroplasts
they contain. These cells are packed tightly together in a regular arrangement
near the upper surface of the leaf so they obtain the maximum exposure to
light. The chloroplasts can move round inside the cells according to the amount
of light available. If it is a dull day, they are often clustered at the tops of the
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cells, in the best position to trap light; in very sunny conditions, they may be
grouped towards the bottoms of the cells to avoid being overexposed to light.

The spongy mesophyll is the chief site o
gaseous exchange in the leaf. It consists of
rounded or sausage-shaped cells with fewer|
chloroplasts than palisade cells. The cells are
closely arranged and between each of them are
air spaces connecting the mesophyll with
stomata.

Collenchyma and sclerenchyma make up tissues that have a supportive,
structural role in plants. In leaves, these cells are common around the vascular
bundles (especially in midrib) and at the leaf tips. Collenchyma cells are
elongated and have unevenly thickened cell walls with extra cellulose in the
corners of the cells. There are two main types of sclerenchyma: fibres are very
elongated and have very thick cell walls impregnated with lignin;sclereids (or
stone cells) are more spherical in shape. Both types of sclerenchyma cells are
specialised for support. Fibres in particular have great tensile strength and do
not break easily when stretched. Mature sclerenchyma cells are dead because
they are enclosed in a complete layer of lignin which is impermeable to water.

Arrangement of cells in a

a . Upper
epidermis
Palisade
measaphyll cell

}Vcln

Bundiz
sheath cell

Spongy
mesophyll cell

Lowver
epidermis

m Glossary of essential terms for you to know

N | English term Russian equivalent

12. | lamina MECTOBas IIJIACTHHKA

13. | stalk cre0esIb, HOXKKa, YepEHOK

14. | petiole YEepeIIoK JINCTa

15. | vein JKHJIKA JIUCTA

16. | tissue TKaHb

17. | vascular tissue | cocynucras TKaHb, TPOBOJIAIIIAS TKAHb

18. | ground tissue | mokpoBHAas TKaHb

19. | rectangular PSIMOYTOJIHBIM

20. | to gain M0JIy4ath, JIOCTUTATh

21. | to escape yJIETYUYMBATHCS, YCKOIb3aTh

22. | stomata YCTBUIIE

23. | to flank 3allUIIATh, IPUKPHIBATH

24. | guard CTOPOXKEBOIA,

25. | to expose BBICTABJIATh, IIOJIBEpraTh IEHCTBUIO (COJIHIIA,
CBETA)

26. | to raise [MOJHUMATh

142




217. | to arrange pacrojiaraTb

28. | vascular bundle | cocyaucteiit mydok
29. | xylem KCHjaeMa

30. | phloem dosma

31. | palisade CTOJIOYATHIN, TTaIUCaATHBIHA
32. | spongy ryOYaThIi, MOPUCTHIN
33. | mesophyll Me30 (UL

34. | bulk OCHOBHasI Macca

35. | to reinforce YKPEIUIATh, yCHINBATh
36. | to evolve pa3BHBaThCS

37. | cluster y4O0K, TPO3b

38. | to trap JIOBUTD, 3aJI€PKUBAThH
39. | midrib CpeHss XKHUIIKA JINCTA
40. | tip KOHYHK

41. | uneven HEPOBHBIN, NIEPOXOBATHIM
42. | to impregnate | OTIOAOTBOPSTH

43. | tensile pPacCTsSHKUMBIT

44, | lignin JIUTHUH

45. | collenchyma KOJUICHXHMa

46. | sclerenchyma | ckinepenxuma

47. | sclereid CKJICpEH 1A

48. | impermeable HEMTPOHUIIAEMBII

m Your Essential Assignments

I. Quick check

1. @) Which structure forms a waterproof layer on the surface of the leaf?
b) Why is this structure thicker than the upper surface of the leaf than on the
lower surface?
2. What is the main function of palisade cells?
3. How does collenchyma differ from sclerenchyma?

1. Use monolingual English dictionary and write down what could the
words given below mean:

waterproof, shade, pore, infection, waxy coating, guard cells, root.
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I11. Fill in the missing words:

Term Noun

Adjective

connect |

require | L

support | ...

protect | ...

adapt | L.

expose | ..

reproduce | ...

1V. Find synonyms among the pool of words:

Pool of words

Synonyms

1)1.amount /2.flat /3.trap /4.quantity /5.even /6.catch

2)1.volume /2.fabric /3.reach /4.bulk /5.gain /6.tissue

3)1.escape /2.produce /3.disappear /4.manufacture

4)1.evolution /2.waterproof /3.impermiable /4.development

V. Give English equivalents to the following word combinations:

N | Russian term English equivalent

1. |rpynmna uBeTyumx pacTeHui

2. | MOTJIOIIEHUE CBETA U YTIEKHUCIIOro rasa

3. | rmaBHas KUJIKA JTUCTA

4. | miockas ¢popMa JIMcTa

5. | buzuyeckue MOBPEKICHUS JINCTA

6. | mapa oXpaHUTEIbHBIX (CTOPOKEBBIX) KIETOK

7. | BepXHsis MOBEPXHOCTH JIUCTA

8. | moTeps BOABI

9. | HauMmeHee crielUaATU3UPOBAHHbIE
pacTUTEIbHBIC KICTKU

10. | mIOTHBIE 3eTIeHbIE KIETKH JIUCTa

11. | cornmacHo KOJIUYECTBY CBETA

12. | Hamyuias MO3UIIMS YJIaBIMBAHUS CBETa

13. | rIaBHBINM y4acTOK ra3000MeHa

14. | KOHUMK JIUCTa

15. | HEpOBHO YTOJIIIIEHHBIE KJIETOUYHbBIE CTEHKH
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V1. Match these words with definitions:

N Word

Definition

1. |absorption |A

any of the very thin tubes that form the frame of a

together

leaf

2. |stalk B | the act of protecting s/b or s/th
from attack, criticism etc.

3. | terrestrial C | notallowing a liquid or gas to pass through

4. | cluster D | the process of a liquid, gas or other substance
being taken in

5. | defence E | living on the land or on the ground rather than in
water or in the air

6. |vein F |agroup of things of the same type that grow close

7. | impermeable | G

thin stem that supports a leaf, flower or fruit and
joins it to another part of the plant

<

Give Russian equivalents to the following English terms:

English term

Russian equivalent

absorption of light and carbon dioxide

maintain the flat shape of the leaf

secrete a waxy coating

to gain easy access into the leaf

bulk of a leaf

intercellular air spaces

cells are packed tightly together

regular arrangements

©| 0 N o U AW NP Z

according to the amount of light available

|
o

best position to trap light

VIII. Match the sentence halves. Make complete sentences.

1. | Collenchyma and sclerenchyma | A
make up tissues that

maintaining the shape of the leaf

2. | The cells are closely arranged | B
and between each of them are

have a supportive structural role
in plants

3. | Palisade cells are green colour |C

bringing water and mineral salts
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due to to the leaf

4. | Xylem forms the upper part of a | D | minimizing water loss from the
vascular bundle in the leaf surface of the leaf

5. | Parenchyma cells are regarded | E | from which other cells have
as basic cells evolved

6. | Each stomata is flanked by a F | air spaces connecting the
pair of guard cells mesophyll with the stomata

7. | The waxy cuticle is waterproof | G |the numerous chloroplasts they

contain

8. | Leaves are made up of three H | that regulate the size of the pore
main types of tissue

9. | The veins provide mechanical |1 |epidermal tissue, vascular tissue
support and ground tissue

10. | The stalk holds the leaf in a J | its surface is exposed to the
position such that maximum amount of light

IX. Answer the following guestions. Use all information given before.
1. What does the leaf shape provide?
2. How are the leaves arranged on many plants?
3. What is the role of the waxy cuticle?
4. Is the ground tissue the same as the epidermis, reproductive tissue and
vascular tissue?
5. How are palisade cells packed?
6. What makes chloroplasts move around inside the cells?
7. Why are mature sclerenchyma cells not alive?

X. Read and translate the short text without any dictionary.

Fact of life:

The longest leaves belong to palm trees. Those of the palm Raphia ruffia
(from which raffia fibres are obtained) may reach over 22 m long.

XI. Food for thought

Leaves from different species have an enormous variety of size, shape, and
structure. In addition to being adapted to absorbing light for photosynthesis, to
what other factors might leaves be adapted?
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XII. Translate into English using all the active possible.
1. (DOTOCI/IHTGB — 9TO Hpouecc, HOCpeI[CTBOM KOTOpOI‘O, paCTeHI/ISI

MPOM3BOJIAT CBOIO TTHUIILY.

2. Uepeniok yaep>KUBAET JUCT B TAKOM MOJIOKEHUH, YTOObI TOBEPXHOCTh
JIUCTA MOoJydalia MAaKCUMaJIbHOE KOJIMYECTBO CBETA.

3. Y MHOTHX pacTE€HUM JIMCThS HA BETBSIX PACIOJIOKEHBI TAKUM 00pa3oM,
YTO OHM HE 3aTEHSIOT JAPYT JApyra.

4. DnuaepMUc TPEACTaBIIeT COOOM MEpPBYIO JIMHUIO 3AIUTHI JIUCTA OT
MOBPEXKICHUM, MHGEKIIUU U TIO€TaHUS )KUBOTHBIMHU.

5. IloTepst BoABI ¢ BEpXHEH MOBEPXHOCTH JIMCTA O0JIee BEpOSATHA, T.K. OHA
noABepraeTcs 00IbIIIEMY U3JIYUYSHHUIO COJTHIIA.

6. Cocynucras TKaHb COCTOMT M3 KUJIOK aJallTUPOBAHHBIX K MEPEHOCY
KUJIKUX BEIIECTB KO BCEM YaCTSIM PACTECHMUSI.

7. XJ0pOIUIacThl MOTYT MEPEMEIIATHCS BHYTPH KJIETOK B COOTBETCTBUU C
KOJINYECTBOM MOCTYIIJICHUS CBETA.

8. IlopucThiii Me30(PHUIIIT — OCHOBHOE MECTO ra3000MeHa B JIUCThSIX.

9. Knetku pacrnosnararorcsi CBOOOIHO, U MEXAY KaXKJIOW M3 HUX UMEETCS
BO3JIYIITHOE MTPOCTPAHCTBO, COSTUHSIONIEEe ME30(UIIIT C YCTHUIIEM.

10. KonneHXuMHbIE KJIETKU SBJISIOTCS YJUIMHEHHBIMH U CTEHKH KIIETOK
MMEIOT IIEPOXOBATOE YTOIIIEHUE U I[EIITI0JIO3Y B YTOJIKAaX KJIETOK.

Text 8.2. The Stem

m Essential targets:

By the end of this text you should be able to:

e describe the structure of dicotyledonous stem;

e state the major functions of stems;

e cxplain how different tissues contribute to the
mechanical support of stems.

Pre-reading
m With a partner consider the following questions and try to answer them.
1. How do you think, what are the functions of stems?
2. What are distinguishable marks of all stems?
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m Read the given text and make your essential assignments:

Functions of a stem.

The stems of most plants are first and foremost organs of support. They
lift terrestrial plants above the ground, raising their leaves towards the Sun and
holding them in the best position to gain optimum exposure to light and carbon
dioxide. They also hold flowers and fruit in positions that allow efficient
pollination and seed dispersal.

As well as support, stems have three other major functions:

they transport materials from one part of the plant to another;

they produce new living tissue to replace cells that die and to make new
growth;

they store food and water.

The stem as plant organ

The attachment site of a leaf or bud on a stem is called a node, and the po
rtion between nodes is called an internode. Most stems point upwards from the
ground and are easily distinguished from other plant organs. Some stems,
however, have an unusual shape or location which makes them more difficult
to identify. Potato tubers, for example, appear root-like, but they are actually
swollen underground stems specialised for food storage. All stems, of
whatever size, shape, or location, are distinguishable as such by the presence of
nodes and internodes.

The tissues and cells of a stem

In a dicotyledonous, non-woody (herbaceous) stem the epidermis is like
that of a leaf: a single layer of cells perforated by stomata. The epidermis helps
maintain the shape of the stem. It is covered with a waxy cuticle to reduce
water loss. In woody stems of trees and bushes, the epidermis is replaced by
bark consisting of many layers of dead cells. Bark is penetrated by small pores
called lenticels, through which gaseous exchange takes place. The lenticels
usually appear as raised spots surrounded by a powdery and impermeable
material.

Just inside the epidermis, a layer of collenchyma gives both support and
flexibikity to the stem. Some collenchyma cells contain chloroplasts which
make the stem appear green.

The inner parts of the stems of most non-woody plants consist of vascular
bundles embedded in undifferentiated parenchyma cells. When fully inflated
with water (turgid), the parenchyma cells press against the epidermis and
collenchyma, strengthening the stem. The stems of trees and bushes are
supported not by parenchyma but by rigid woody tissue which makes up the
bulk of these stems. The woody tissue consists of xylem and associated cell
such as fibres formed by a process called secondary growth. New wood is
added outside the old wood each growing season to form annual growth rings,
visible in transverse sections of the stems of trees and shrubs.
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Vascular tissue in the stem takes the form of bundles containing phloem
and xylem and reinforced with strong fibres. The xylem is located towards the
inside of the stem and the phloem towards the outside. The tough rigid
vascular bundles embedded in softer turgid parenchyma tissue have been
likened to reinforced concrete, in which rigid steel girders are imbedded in
softer concrete. This arrangement gives the stem strength and flexibility,
making it well suited to resisting sideways bending in strong winds. The
vascular bundles of dicotyledonous plants are arranged in a ring pattern around
the outside of the stem, while in monocotyledons such as cacti the vascular
bundles are scattered throughout the stem.

The stem centre is called the pith. It may consist of parenchyma cells for
storage, or it may be devoid of cells, in which case it is called a pith cavity.

m Glossary of essential terms for you to know:

N English term Russian equivalent
1 foremost caMblii TJIaBHBIH

2 allow IIPEIOCTABIIATh, TO3BOJIATh
3 pollination OTIBIJICHHE

4 dispersal paccesiHue, pa3opoc

5 replace 3aMEHUTh, 3aMeIIaTh

6 attachment PUKPETUICHNE

7 node y3eJ1, HapOCT, YTOIIECHUE

8 internode MEXKIOY3JIHE

9 point OBITh HAITPABJICHHBIM, HAIIPABJISTHCS
10  swollen pa30yxaTh, MyXHYTh

11  herbaceous TPaBSHUCTBIN

12  dicotyledonous JIBY IOJIbHBII

13 monocotyledonous OJTHOJOJIbHBIN

14 bark Kopa

15 stomata yCThHUIIA

16  penetrate MIPOHU3BIBATHCS, IPOHUKATH
17  lenticel YeueBUYKA

18  impermeable HEMTPOHU3AEMBbIH

19 embed BCTaBJISATh, BHEAPATH

20 inflate HATOJHATh, HATyBaTh

21  turgid TYpreClIeHTHbIN, HA0yXIITUi
22 rigid KECTKUH

23  transverse MOTIePEYHbIN

24 tough HECruOaeMbIi, JKECTKUI

25 liken yno 0075 Th

26  girder Opyc, mepexiaanHa
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27  scatter pazbpachiBaTh, pacceuBaTh

28  phloem daooma, 1y0

29  parenchyma nmapeHxuMa

30 resist COTIPOTUBJISATHCS

31  pitch CeplIeBHHA

32  devoid JUIICHHBINA (Yero-J1.), CBOOOIHBIN (0T Yero-i.)
33  reinforce YCHIIMBATh, OJKPEILIATH

34 slit IIPOJIOJIBHBIN pa3pes, Ieib

m Your Essential Assignments

l. Quick check

1. What distinguishes stems from other plant?
2. List the four functions structures?

3. How do parenchyma cells support herbaceous stems?

I1. Fill in the missing words:

Term (verb)

Adjective

disperse

attach

identify

store

maintain

penetrate

111. Use monolingual

English dictionary and write down what could the

words given below mean:

ground, growth, woody stem, non-woody stem, exchange, flexibility, growing

season, resist, bundle.

IVV. Find English equivalents to the following word combinations:

Russian term

English equivalent

1

HAa3CMHBIC PACTCHUA

IIOJIYy4aThb ONTUMAJIBHYIO SKCIIO3UIIUIO K CBCTY

YACPKHUBATDH LIBCTHI U I1JIOAbI

3¢ PeKTUBHOE OTBIIICHUE

gk~ wpNPEF-

paccerBaHHUE CEMSIH
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6.

3dMCHATH YMCPIIUC KICTKHU

7. XxpaHuthb (3amacaTb) BOJYy, NUTaTEJbHbBIC
BEILECTBA

8.  TpymHO Omo3HaTh (MACHTH(PHUIIUPOBATH)

9. »snuaepMuC 3aMEHSIETCs] KOpOo

10. BHyTpEHHHE YaCTH CTEOIS

11. npunHumath HpopMy My4KOB (y3JIOB)

12. mpunmaBaTh CTEOIIO MPOYHOCTH M THOKOCTH

V. Give Russian equivalents to the following English terms:

N

English term

Russian equivalent

foremost organs of support

attachment site of a leaf

most stems point upward

easily distinguished from

unusual shape of location

swollen underground stems

maintain the shape of the stem

reduce water loss

rigid woody tissue

PO 00 ~NOO O WwNEF

0 in softer turgid tissues

V1.

Find synonyms amonq the pool of words:

Pool of words

Synonyms

1)1.keep/2.replace/3.gain/4.store/5.substitude/6.obtain/

2)

1.ground / 2. appear / 3. soil / 4. emerge

3)1.reinforce/2.like/3.situation/4.similar/5.position/6.strengthen

4)

1.support / 2. seem / 3. maintain/ 4. appear

5)1.tough/2. strength/3.rigid/4.force/5.locate/6.situate

VIIl. Answer the following questions. Use all information given before:

P

©oo~NOoOO

How is the stem centre called?
What kind of form does the vascular tissue take?

Where is the tough rigid vascular bundles embedded in?

How are vascular bundles arranged in the:

a) dicotyledonous plants

b) monocotyledonous plants?

Are the stems of trees supported by parenchyma?
What does the epidermis help?

What does the inner part of the stems consist of?
What is epidermis covered with?

Where do most stems point?
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VI1I1. Match the sentence halves. Make complete sentences:

pitch. It may consist of

1. The stems of most plants are A. upwards from the ground.
foremost organs of support
because
2. Most stems point B. parenchyma cells for storage or it
may be devoid of cells.
3. Some stems have an unusual C. vascular bundles embedded in
shape of location which undifferentiated cells.
4. All stems of whatever size, D. gaseous exchange takes place.
shape or location are
distinguishable as such by
5. The epidermis is covered with E. they lift terrestrial plants above the
ground rising their leaves towards the
sun.
6. Bark is penetrated by small F. waxy cuticle to reduce water loss.
pores called lenticels through
which
7. Theinner parts of thestems  G. makes them more difficult to
of most non-woody plants identify.
consist of
8. Vascular tissue in the stem H. the presence of nods and internodes.
take the form of
9. The stem centre is called 1. bundles containing phloem and

xylem and reinforces with strong
fibres.

IX. Read and translate the short text without any dictionary:

Fact of life:

The stems of woody plants have a layer of protective tissue called cork,

just below the epidermis. Cork is made of dead cells coated with a waxy
substance (suberin) which makes them waterproof. The exceptionally thick
cork layer of the oak (quercus suber) is removed for commercial use. If cork
formed a complete layer, stem cells would die because they wouldn’t be able
to exchange respiration gases with the environment. However, slit-like
openings called lenticels develop in the cork. The lenticels contain loosely
packed thin-walled dead cells which lack suberin, and they have large
intercellular spaces to allow gaseous exchange.

X. Food for thought:
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Cacti live in hot dry American deserts. To conserve water and deter
herbivores, their leaves lose their photosynthesising function and are modified
into spines. Nevertheless, cacti may lose as much as 20 per cent of their tissue
fluids in a severe drought. Suggest how the stem is adapted to:

a) carry out photosynthesis

b) minimise water losses and minimise the effect on the plant of water-
losses.

XI. Translate into English using all the active possible.

1. Crebenb yaepkuBaeT IUIOABI M LBEThl B TAaKOM IIOJIOKEHUHU, YTOOBI
MPOUCXOAMIO0 3(PPEKTUBHOE ONBIIICHUE U PACCESTHUE CEMSIH.

2. Kiny6Hu xaptodens KaxxyTcs TOX0XXKMMH Ha KOpEHb, HO Ha CaMOM Jiefie

OHM MPEJICTABIIAIOT COO0M pa3z0yXIilne MoA3EMHbIE CTEOIIH.

OnuiepMUc MOMOTAET MOAAEPKUBATH POpMYy CTEOIIS.

BHyTpu snuaepMuca HaXOIUTCA CIOW KOJUICHXUMHBIX KJIETOK, KOTOPBIN

npuaaeT cTeOo Kak NOAAEPKKY, TaK U THOKOCTb.

5. Ilpu moIHOM HaMOJIHEHUH BOJOM (TypreCiieHTHBIN) MapeXUMHbIE KIETKU
JABSIT HA YMUJEPMUC U KOJUICHXUM, YKperuisis (yCuiauBas) cTeOenb.

6. JIpeBecHasi TKaHb COCTOMUT U3 KCUJIIEMHBIX M aCCOIMUPOBAHHBIX KIIETOK,
TaKMX KaK BOJIOKHA, C(OPMUPOBAHHBIX IMOCPEICTBOM IIpoliecca,
HA3bIBAEMOT'0 BTOPUYHBIM POCTOM.

/. Takoe pacmnojio)keHue TpuAaeT CcTeONt0 CUIly M THUOKOCTh, Jiefasi €ro
XOpOIIO MPUCTIOCOOJICHHBIM K CONMPOTUBJIEHUIO HAKIIOHAM M3 CTOPOHBI B
CTOPOHY NPU CUIILHOM BETpE.

s w

SUPPLEMENTARY READING

Texts for Reading, Retelling and Discussing
m Text 1. Louis Pasteur

Pasteur (1822-1895) began his scientific career as a
chemist, but it is because of his applications of germ theory
to the prevention of disease that he became known as ‘The
Father of Microbiology’.

Pasteur did not create germ theory, but he proved it to be
correct. Once he had achieved this, he set about finding ways
to prevent germs, the microorganisms present in the air, from
infecting food and people.

He completed his famous experiment proving that microorganisms were
present in the air while working for a wine company. He was trying to discover
why wine sometimes went bad as it was being made. Once he had found the
cause — microorganisms — he began to develop the process which carries his
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name — pasteurization. It was perfectly possible to kill all the microorganisms
in food by boiling it, a process known as sterilization, but this damaged the
taste and the quality of the food. Pasteur’s process killed not all, but most, of
the microorganisms, with the result that the food needed to be kept cool and
eaten or drunk within a limited time. Most importantly, the quality of the food
was not harmed by the process. Much of the food we eat today is pasteurized.

His next achievement was to build on the discovery of the British scientist
Edward Jenner. Many years earlier, Jenner had discovered a way of giving
people resistance to the deadly disease smallpox, by injecting them with a
similar disease that was found among cows. The process became known as
vaccination. Pasteur applied germ theory to his work and looked at samples of
blood taken from healthy and infected animals. He grew bacteria in his
laboratory and used it to infect animals. By chance, some of these germs failed
to grow well in his laboratory; these weak germs were then used to infect some
chickens. Although the chickens suffered at first, they made a complete
recovery and could not be infected again. In this way he discovered a way of
Increasing resistance to disease. Pasteur developed vaccines for many serious
diseases including cholera and anthrax. At that time, these illnesses were
certain death for anyone who caught them.

Pasteur’s discoveries revolutionized work on infectious diseases. Pasteur's
vaccines were different from Jenner's in one important way. Jenner found a
weak form of smallpox and transferred it to humans. Pasteur weakened the
disease in a laboratory and immunized people with that weakened form. His
success allowed a colleague to develop the first vaccine for rabies, which
Pasteur used to save the life of a nine-year-old boy. By this act, Pasteur's
position as a hero was assured.

Thanks to the work of Pasteur, we now live longer, our food stays fresh
longer and we are less likely to die of disease. Indeed, smallpox is no longer
found anywhere in the world, due to a huge vaccination programme carried out
in the 20™ century. This could never have happened without the scientific
achievements of The Father of Microbiology.

Extract from a lecture about immunisation

Historically, being immunized against diseases is a relatively new thing
but that doesn’t mean the idea hadn't been thought before. If we go as far back
as 429 BC, the historian Thucydides noted that after a smallpox plague in
Athens survivors did not become infected again. This was a time before there
was even recognition of such things as bacteria and viruses.

Nowadays we take it for granted that we will be vaccinated and avoid
diseases like polio, but how many of us actually stop to ask ourselves what is
behind the injection we have? How does vaccination work?
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Basically, it is the process by which a person is exposed to an agent so that
his or her immune system develops against that agent. The immune system
makes antibodies which fight against infection. Once the human immune
system is exposed, that is, made open to a disease, it is able to act against any
future infection. Vaccination exposes a person to an immunogen — something
which helps develop immunity — in a controlled way by using a weak dose so
he or she doesn’t become ill while being immunized.

The good thing about a vaccination programme is that it can limit the
spread of a disease among a population, reducing the risk for people who have
not been vaccinated, so we have something which is known as herd immunity.
That means when the number of non-immune people has dropped to a certain
level, the disease will disappear from the whole population. This is how we
have achieved the elimination of many diseases.

Quick check:

What does pasteurization mean?

What is the difference between pasteurization and sterilization?
What does the word vaccination mean?

Do we need vaccination?

What vaccinations have you had?

Are there any negative aspects to vaccination?

Do you know of any diseases for which we cannot be immunized?
What vaccines would you like to see developed?

In what way do Pasteur’s vaccines differ from those of Jenner?

CoNoaRrwODE

m Text 2. Gregor Mendel

T

£-3

S

Gregor Mendel was born on 20" July, 1822, and died on
6" January, 1884. He was a biologist and botanist whose
scientific research showed that inheritance proceeds according
to certain scientific laws.

Mendel was a brilliant student and his family encouraged
him to study, but they were very poor so Mendel entered a
monastery in 1843. There he taught Mathematics, Physics and
Greek to his school students. Eight years later, in 1851, the monastery sent him
to the University of Vienna where he was able to continue his education. In
1853, he returned to the monastery and began teaching and researching again.

Mendel's theories of heredity based on his work with pea plants are well
known to students of Biology. But his findings were so different from the
accepted views on heredity at the time that his work was ignored until long
after his death. His paper, ‘Experiments in Plant Hybridisation”, in which he
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described how traits were inherited, has become one of the most influential
publications in the history of science.

Mendel was the first person to trace the characteristics of successive
generations of an organism. In Mendel's day, a number of hypotheses had been
suggested to explain heredity. The most popular one was the so-called
blending theory. According to this theory, inherited traits blended from
generation to generation. For instance, a red rose crossed with a white rose
would, over time, produce a pink rose. Another theory put forward by Charles
Darwin was called pangenesis. This stated that there were hereditary particles
in our bodies, and that these particles were affected by our actions. The altered
particles could be inherited by the next generation. These theories were
disproved by Mendel.

The first thing he noticed when he began his experiments was that traits
were inherited in certain numerical ratios. This observation led him to come up
with the idea of the dominance of genes and he tested it in peas. For seven
years he crossed thousands of plants to prove the Laws of Inheritance. From
his experiments, Mendel developed the basic laws of heredity. Those laws are
the following: that traits do not combine, but are passed whole from generation
to generation (which disproved the blending theory and Darwin’s theory); each
member of the parental generation passes on only half of its hereditary
information to each offspring (with certain traits dominant over others); and
different offspring of the same parents receive different sets of hereditary
information.

Mendel's research formed the beginning of the modern science of
genetics. Genetic theory has had a huge impact on our lives. Many diseases,
for example haemophilia, are known to be inherited, and family histories can
be traced to determine the probability of passing on a hereditary disease.
Scientists can now design plants that are easier to grow, or which can produce
more food. This practical side of the results of Mendel's research is being used
to improve the way we live.

Quick check:
1. How are characteristics passed on from generation to generation?
2. How does modern science change this? Why?
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m Text 3. Vladimir Vernadsky

Vladimir lvanovich Vernadsky was a Russian scientist who
was born on 12" March, 1863 in St. Petersburg. His most |
important contributions to science were the development of the
ideas of the biosphere (from the Greek word bios meaning life) |
and the noosphere (from the Greek word noos meaning mind).

He graduated from the Physics and Mathematics
Department of St Petersburg University in 1885. From 1890 to
1911 he taught mineralogy and crystallogaphy at the University of Moscow. In
1912 he was made a full member of the Russian Academy of Sciences where
he was actively involved for 33 years, until his death in Moscow on 6"
January, 1945.

Through his work in mineralogy, Vernadsky became interested in the
distribution of chemical elements in the Earth's crust, hydrosphere and
atmosphere — the field known as geo chemistry. Vernadsky published many
papers on the geochemistry of various elements, including the geochemistry of
radioactive compounds.

Vernadsky was one of the first scientists to suggest the possibility of using
radioactive elements as sources of energy, and he organized a special
commissions to look for uranium ores in Russia. In 1916, the first uranium
deposits were discovered. But Vernadsky was aware of the danger of putting
atomic energy into the hands of man. He said that scientists carried the huge
responsibility of making sure their discoveries did not lead to destruction.

However, Vernadsky is probably best known for his development of the
idea of the biosphere of the Earth and his ideas on the evolution of the
biosphere into the noosphere.

The biosphere is the layer of the Earth in which all life exists. The term
biosphere was coined in 1875 by the geologist, Eduard Suess, but it was
Vladimir Vernadsky who recognized its ecological importance in 1929. He
believed that all living organisms together with their environments make up the
biosphere. These environments include the air (the atmosphere), land (the
geosphere), rocks (the lithospere) and water (the hydrosphere). The exact
thickness of the biosphere on Earth is difficult to calculate, but most scientists
would agree that it is from about 5000 metres above sea level to around 9000
metres below sea level. Thus, there is a 14-kilometre zone within which life
exists.

Vernadsky defined the boundaries of the biosphere by showing that the
biosphere includes all the hydrosphere, part of the troposphere — the lowest
layer of the atmosphere where most weather changes take place — and the
upper part of the Earth’s crust down to a depth of two or three kilometers, in
short, everywhere that life exists. For Vernadsky, the biosphere had existed
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since the very beginning of the Earth's history and it was constantly evolving.
Our present living world is the product of a long and complex evolution of the
biosphere.

Vernadsky believed that the technological activities of mankind were a
stage in this evolution. He believed that human reason and combined scientific
efforts could overcome the negative results of technology and could lead to a
safe future for everyone. This positive evolutionary stage of the biosphere of
the Earth is for him the noosphere, the sphere of reason.

In his paper, Several Words on the Noosphere (1944, the last paper he
published before his death), Vernadsky outlined the conditions that were
required for the creation of the noosphere: equality for all people and an end to
wars, poverty and hunger. Today, Vernadsky's vision of the world is more
important than ever before.

Quick check

1. What do you understand by the term biosphere?

2. Why is it so important?

3. What layers does it consist of?

4. In what sorts of different environments can life exist?

5. Think about humanity. How do we affect our environment?

m Text 4. Ivan Pavlov

Ivan Petrovich Pavlov was born on September 14, 1849 at
Ryazan, where his father, Peter Dmitrievich Pavlov, was a
village priest. He was educated first at the church school in
Ryazan and then at the theological seminary there.

Inspired by the progressive ideas which D. I. Pisarev, the
most eminent of the Russian literary critics of the 1860's and 1.
M. Sechenov, the father of Russian physiology, were spreading, Pavlov
abandoned his religious career and decided to devote his life to science. In
1870 he enrolled in the physics and mathematics faculty to take the course in
natural science.

Pavlov became passionately absorbed with physiology, which in fact was
to remain of such fundamental importance to him throughout his life. It was
during this first course that he produced, in collaboration with another student,
Afanasyev, his first learned treatise, a work on the physiology of the pancreatic
nerves. This work was widely acclaimed and he was awarded a gold medal for
it.

In 1875 Pavlov completed his course with an outstanding record and
received the degree of Candidate of Natural Sciences. However, impelled by
his overwhelming interest in physiology, he decided to continue his studies and
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proceeded to the Academy of Medical Surgery to take the third course there.
He completed this in 1879 and was again awarded a gold medal. After a
competitive examination, Pavlov won a fellowship at the Academy, and this
together with his position as Director of the Physiological Laboratory at the
clinic of the famous Russian clinician, S. P. Botkin, enabled him to continue
his research work. In 1883 he presented his doctor's thesis on the subject of
«The centrifugal nerves of the heart». In this work he developed his idea of
nervism, using as example the intensifying nerve of the heart which he had
discovered, and furthermore laid down the basic principles on the trophic
function of the nervous system. In this as well as in other works, resulting
mainly from his research in the laboratory at the Botkin clinic, Pavlov showed
that there existed a basic pattern in the reflex regulation of the activity of the
circulatory organs.

In 1890 Pavlov was invited to organize and direct the Department of
Physiology at the Institute of Experimental Medicine. Under his direction,
which continued over a period of 45 years to the end of his life, this Institute
became one of the most important centres of physiological research.

It was at the Institute of Experimental Medicine in the years 1891-1900
that Pavlov did the bulk of his research on the physiology of digestion. It was
here that he developed the surgical method of the «chronic» experiment with
extensive use of fistulas, which enabled the functions of various organs to be
observed continuously under relatively normal conditions. This discovery
opened a new era in the development of physiology, for until then the principal
method used had been that of «acute» vivisection, and the function of an
organism had only been arrived at by a process of analysis. This meant that
research into the functioning of any organ necessitated disruption of the normal
interrelation between the organ and its environment. Such a method was
inadequate as a means of determining how the functions of an organ were
regulated or of discovering the laws governing the organism as a whole under
normal conditions - problems which had hampered the development of all
medical science. With his method of research, Pavlov opened the way for new
advances in theoretical and practical medicine. With extreme clarity he showed
that the nervous system played the dominant part in regulating the digestive
process, and this discovery is in fact the basis of modern physiology of
digestion.

Pavlov's research into the physiology of digestion led him logically to
create a science of conditioned reflexes. In his study of the reflex regulation of
the activity of the digestive glands, Pavlov paid special attention to the
phenomenon of «psychic secretion», which is caused by food stimuli at a
distance from the animal. By employing the method - developed by his
colleague D. D. Glinskii in 1895 - of establishing fistulas in the ducts of the
salivary glands, Pavlov was able to carry out experiments on the nature of
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these glands. A series of these experiments caused Pavlov to reject the
subjective interpretation of «psychic» salivary secretion and, on the basis of
Sechenov's hypothesis that psychic activity was of a reflex nature, to conclude
that even here a reflex - though not a permanent but a temporary or
conditioned one - was involved.

This discovery of the function of conditioned reflexes made it possible to
study all psychic activity objectively; it was now possible to investigate by
experimental means the most complex interrelations between an organism and
its external environment.

Subsequently, in a systematic programme of research, Pavlov transformed
Sechenov's theoretical attempt to discover the reflex mechanisms of psychic
activity into an experimentally proven theory of conditioned reflexes.

As guiding principles of materialistic teaching on the laws governing the
activity of living organisms, Pavlov deduced three principles for the theory of
reflexes: the principle of determinism, the principle of analysis and synthesis,
and the principle of structure.

The development of these principles by Pavlov and his school helped
greatly towards the building-up of a scientific theory of medicine and towards
the discovery of laws governing the functioning of the organism as a whole.

Experiments carried out by Pavlov and his pupils showed that conditioned
reflexes originate in the cerebral cortex, which acts as the «prime distributor
and organizer of all activity of the organism» and which is responsible for the
very delicate equilibrium of an animal with its environment. In 1905 it was
established that any external agent could, by coinciding in time with an
ordinary reflex, become the conditioned signal for the formation of a new
conditioned reflex. In connection with the discovery of this general postulate
Pavlov proceeded to investigate «artificial conditioned reflexes». Research in
Pavlov's laboratories over a number of years revealed for the first time the
basic laws governing the functioning of the cortex of the great hemispheres.
Many physiologists were drawn to the problem of developing Pavlov's basic
laws governing the activity of the cerebrum. As a result of all this research
there emerged an integrated Pavlovian theory on higher nervous activity.

Even in the early stages of his research Pavlov received world acclaim and
recognition. In 1901 he was elected a corresponding member of the Russian
Academy of Sciences, in 1904 he was awarded a Nobel Prize, and in 1907 he
was elected Academician of the Russian Academy of Sciences; in 1912 he was
given an honorary doctorate at Cambridge University and in the following
years honorary membership of various scientific societies abroad. Finally,
upon the recommendation of the Medical Academy of Paris, he was awarded
the Order of the Legion of Honour (1915).

Pavlov directed all his indefatigable energy towards scientific reforms. He
devoted much effort to transforming the physiological institutions headed by
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him into world centres of scientific knowledge, and it is generally
acknowledged that he succeeded in this endeavour.

Pavlov created a great school of physiologists, which produced many
distinguished pupils. He left the richest scientific legacy - a brilliant group of
pupils, who would continue developing the ideas of their master, and a host of
followers all over the world.

Dr. Pavlov died in Leningrad on February 27, 1936.

From Nobel Lectures, Physiology or Medicine 1901-1921, Elsevier
Publishing Company, Amsterdam, 1967.

Quick check

1. What made Pavlov devote his life to physiology?

2. What does the term “chronic” experiment mean?

3. Does the merit of inventing the method of establishing fistulas in the ducts
of salivary glands belong to Pavlov?

4. What did the discovery of the function of conditioned reflexes help to study?
5. Name three principles of the theory of reflexes.

6. What did the development of these principles lead to?

7. Where do conditioned reflexes start?

8. What is the main postulate of the theory of “artificial conditioned reflexes”?

9. What was the outcome of all Pavlov's investigations?

10. What highest award did I.P. Pavlov receive and when?

m Text 4. Dihybrid Inheritance
Mendel would have had a problem interpreting

the genetics of coat colour in Labrador retrievers
because this is controlled by two genes, not one.
Labrador retrievers have three possible coat colours (black, yellow, and
chocolate or liver) controlled by two sets of genes. One set determines whether
the retriever will be dark (either black or chocolate) or light (yellow). Dark is
dominant to light. The second set comes into play only if the dog is dark. This
set determines whether the dog is black (the dominant trait) or chocolate (the
recessive trait). Labrador retrievers were bred originally as water dogs, trained
to haul cod nets ashore and retrieve items lost overboard.

The inheritance of two characteristics

Dihybrid inheritance is the inheritance of two characteristics, each
controlled by a different gene at a different locus. In one experiment Mendel
studied dihybrid inheritance by crossing plants from two pure-breeding strains:
one tall with purple flowers, the other dwarf with white flowers. All the
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offspring in the F1 generation were tall with purple flowers, these being the
dominant characteristics. The F1 generation were self-crossed, producing the
following phenotypes and ratios in the F, generation:

= 9 tall purple-flowered

= 3 tall white-flowered

= 3 dwarf purple-flowered

= 1 dwarf white-flowered.

Mendel observed that two phenotypes resembled one or other of the
parents, and two phenotypes had combined the characteristics of both parents.
He also observed that the ratio of tall plants to dwarf plants was 3:1, and that
the ratio of purple-flowered plants to white-flowered plants was 3:1. This was
the same ratio that occurred in the monohybrid crosses. He concluded from
these results that the two pairs of characteristics behave quite independently of
each other. This led him to formulate his law of independent assortment, which
states that any one of a pair of characteristics may combine with any one of
another pair.

Interpreting the results of a dihybrid cross . -gptose Se0 0 I

Mendel's results can be explained in terms of & o . R

R AR
alleles and the behaviour of chromosomes during [FESESEEEES oy
meiosis. Notice that the two alleles for one gene
are always written together (for example, TtPp, not TPtp). This makes it
easier to interpret the crosses. The pure-breeding adult plants, being diploid,
have two alleles for each gene. The genes for height and flower colour are
carried on separate chromosomes. During gamete formation, meiosis occurs,
producing gametes containing one allele for each gene. In the F1 generation,
the only possible genotype is TtPp. When these plants are self-crossed, there
are four possible combinations of alleles in both the female and male gametes:
TP, Tp, tP, and tp. Assuming fertilisation is random, any male gamete can fuse
with any female gamete, so there are 16 possible combinations for the
offspring, as shown in the Punnett square. These combinations can produce
four different phenotypes from nine genotypes.

The only genotype that can be worked out simply by looking at the plants
is that of the dwarf white-flowered plants. Genotypes of the other plants can be
established by test crosses.

Recombination

As already stated, two of the phenotypes in the F, resemble the original

parents (tall purple-flowered and short white-flowered), and two show new
combinations of characteristics (tall white-flowered and dwarf purple-
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flowered). This process that results in new combinations of characteristics is
called recombination, and the individuals that have the new combinations are
known as recombinants. Recombination is an important source of genetic
variation, contributing to the differences between individuals in a natural
population.
Quick check:

1. What are recombinants?

2. Give a genetic explanation of Mendelian dihybrid inheritance.

3. Explain the significance of recombination.

4. Explain the use of test crosses to determine unknown genotypes in
studies of dihybrid inheritance

5. Divide the text into an introduction, principal part and conclusion.

6. Express the main idea of each part.

7. Give atitle to each paragraph of the text.

8. Summarize the text in brief.

m Text 5. Sex Determination
One of the most fascinating marine animals is the
RN slipper limpet, a mollusc with the intriguing scientific
JL ) name of Crepidula fornicate. It was given this name
| | because it has the surprising ability to change its sex.
N 3P4 The limpets are immobile for most of their lives,
7 al growing in chains. The sex of each limpet depends on
ki its size and its position in the chain. The young, small
individuals are males, with long tapering penises which
fertilise females lower in the chain. In due course, when a male has grown and
has been settled on by another smaller limpet, the male loses its penis and
grows into a female. Thus large females occur at the base of the chain, with
animals changing sex above them, and males at the apex. In this way, the
limpets have been able to combine immobility with internal fertilisation.
Sex chromosomes
There have been many weird and wonderful ideas about sex determination
in humans. Some Ancient Greeks thought that the sex of a baby was
determined by which testicle the sperm came from. Apparently, this belief was
adopted by some European kings who tied off or removed their left testicle to
ensure a male heir to the throne. Other people believed that the sex of a baby
could be controlled by conceiving when the Moon was in a particular phase,
when the wind was blowing in a certain direction, or whilst speaking certain
words. We now know that human sex is determined by a pair of sex
chromosomes called X and Y. Because these chromosomes do not look alike,
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they are sometimes called heterosomes. All other chromosomes are called
autosomes. Females have two X chromosomes (XX). Males have one X and
one Y chromosome (XY). Although the sex chromosomes determine the sex of
an individual, it is important to realise that they do not carry all the genes
responsible for the development of sexual characteristics.

During meiosis, the sex chromosomes pair up and segregate into the

daughter cells. Males are called the heterogametic sex because they produce
different sperm: approximately 50% contain an X chromosome and 50% have
a Y chromosome. Females are called the homogametic sex because (usually)
all of their eggs contain an X chromosome. This arrangement applies to all
mammals and some insects (including Drosophila, the fruit fly commonly used
in genetic experiments). However, in birds, moths, and butterflies, females are
the heterogametic sex with the XY genotype (or XO, meaning the second sex
chromosome may be absent). In some species, sex determination depends on a
complex interaction between sex chromosomes and autosomes, or between
inherited factors and environmental ones. The sex of some turtles, for example,
depends on the temperature of the sand in which eggs are laid: those laid in
sand warmed by the Sun develop into females; those laid in cool sand in the
shade develop into males.

In humans, the father's sperm determines the sex of the baby: if a baby
inherits a Y chromosome from its father it will be a boy; if it inherits an X
chromosome from its father it will be a girl. So the sex of a baby depends on
which sperm fertilises the egg cell: a sperm with an X chromosome or one with
a Y chromosome. However, there are cases where having a Y chromosome
does not necessarily mean that an embryo will become a boy.

The SRY gene

In the early stages of development, human embryos
have no external genitalia. Whether they develop testes or
ovaries depends on the presence and activity of a
particular gene on the Y chromosome. This gene, called
the sex related Y gene (SRY gene), was discovered in
1990 when geneticists were studying some interesting people: men who had
two X chromosomes and women who had one X and one Y chromosome.
Microscopical examination of the sex chromosomes of these people revealed
that the XX males had a very small piece of Y chromosome in their X
chromosomes, whereas this piece was missing from the Y chromosome of the
XY females. The geneticists found the SRY gene within this small piece of Y
chromosome.

The SRY gene codes for a protein called testis determining factor. This
switches on other genes, causing the embryo to develop male structures. The
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testes develop and androgens (hormones which promote the development of
male sexual organs and secondary sexual characteristics) are secreted. At about
16 weeks, an embryo with the SRY gene begins to produce immature sperm. In
addition to stimulating male structures to grow, SRY suppresses the
development of female structures by activating a gene on chromosome 19.
This activation leads to the production of a protein called Mullerian- inhibiting
substance, which destroys female structures early in their development. Lack
of testis determining factor results in the development of female genital organs.
Therefore, all embryos are female unless active testis determining factor makes
them male.

Sex testing

The governing bodies of all-female sports sometimes use sex tests to make

sure participants in their sports are female. The first attempts at gender
verification were by the International Amateur Athletic Federation, whose sex
test included parading naked female athletes before a panel of male doctors. In
1968 this rather dubious procedure was dropped, and the International Olympic
Committee adopted the Barr test. This test uses the presence of stainable
particles called Barr bodies as sex indicators. Barr bodies occur in epithelial
cells in the mouth (buccal epithelial cells), and are thought to be derived from
inactive X chromosomes. Females therefore usually have one Barr body in
their buccal epithelial cells and males usually have none. At the 1992
Barcelona Olympics, the Barr test was replaced by the polymerase reaction
test. In this test, the polymerase chain reaction. Sex testing is complicated by
the fact that, on rare occasions, sex chromosomes fail to segregate at meiosis.
This phenomenon, known as non-disjunction, can result in a sperm cell either
having both an X and a Y chromosome or having no sex chromosome, and an
egg cell either having two X chromosomes or having no sex chromosome.
Non-disjunction can lead to unusual genotypes. Sex testing is confused even
further by the occurrence of chimaeras. A chimaera is any animal or plant
consisting of some cells with one genetic constitution and some with another.
Very rarely, chimaera formation can occur during the early stages of
embryonic development when chromosomes in mitotically dividing cells fail to
segregate properly (for example, some cells can have the genotype XXX,
others XO, while the majority are XXI).
Quick check:

1. Why are males called the heterogametic sex?

2. Explain why an embryo with an XY genotyper may develop female
sexual organs.
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3. Explain why a person may have buccal epithelial cells with two Barr
bodies.

Discuss the role of the sex related Y gene in determining sex.

4. Describe how non-disjunction can affect the distribution of sex
chromosomes in gametes and offspring.

5. Explain how sex is determined in humans.

6. Divide the text into an introduction, principal part and conclusion.

7. Express the main idea of each part.

8. Give a title to each paragraph of the text.

9. Summarize the text in brief.

m Text 6. DNA Replication

DNA replication is a very complex process
v s (3 during which mistakes happen. Uncorrected mistakes
may lead to harmful mutations. In the living cell,
errors are kept to a very low frequency (about one in
10%) by a number of repair mechanisms. One such
mechanism is mismatch repair. This is carried out by
the enzyme DNA polymerase which ‘proofreads'
: s newly formed DNA against its template as soon as it
Is added to the strand. If it finds an incorrectly paired nucleotide, the
polymerase reverses its direction of movement, removes the incorrect
nucleotide, and replaces it before replication continues. The process is similar
to correcting a typing error by going back a space, deleting the error, and
typing in the correct letter before continuing.
A possible mechanism for replication
A chemical that carries inherited information must be able to copy itself

exactly. Complementary base pairing between adenine and thymine and
between cytosine and guanine makes this possible.

Watson and Cricks description of DNA suggested that, during replication,
the hydrogen bonds connecting base pairs are disrupted allowing the two
polynucleotide chains to unwind from one another. Each chain then acts as a
template for the synthesis of a new complementary polynucleotide chain. It
was suggested that the DNA molecule 'unzips' from one end and new
nucleotides already present in the nucleus bind with their complementary bases
in each exposed chain. This therefore forms two identical molecules of DNA
from the single parent molecule.

Experimental evidence

Arthur Korrnberg and his colleagues were the first to successfully
replicate DNA in a test tube. They used the following ingredients:
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= intact DNA (to act as a template)

=a mixture containing all four nucleotides

» DNA polymerase (an enzyme which catalyses the synthesis of DNA)

= ATP (as a source of energy).

New DNA molecules were formed, which contained the same proportions
of the four bases as the original parent DNA. This was a strong indication that
DNA can copy itself by complementary base pairing.

Semiconservative replication

The idea that DNA unzips before replication is an attractively simple one.
This mechanism is called semiconservative replication, because each new
molecule of DNA (daughter DNA) contains one intact strand from the original
DNA (parental DNA) and one newly synthesised strand. However,
semiconservative replication is not the only means by which DNA might
replicate by complementary base pairing (figure 1).

Meselsohn and Stahl

In 1958, two American biochemists, Matthew Meselsohn and Franklin
Stahl, conducted a neat experiment which gave strong support for the theory of
semiconservative replication.

= First, they grew Escherichia coli bacteria for many generations in a
medium containing *°N, a heavy isotope of nitrogen. The bacteria incorporated
the N into their DNA. This made the DNA denser than normal (‘heavy'
DNA).

= A control culture of bacteria was grown in a medium with *N, the
normal, lighter isotope of nitrogen. These bacteria had normal 'light' DNA.

= The bacteria grown in >N were then transferred to a **N medium and left
for periods of time that corresponded to the generation time of E.. coli (about
50 minutes at 36° C).

= Samples of bacteria were taken at intervals to analyse the parental, first-
generation, and second-generation DNA.

»The composition of the DNA was analysed using density gradient
centrifugation. The mixture of the three DNA types was suspended in a
solution of caesium chloride and spun at high speed in a centrifuge. The DNA
separated according to its density: heavy DNA (which contained *°N) formed a
band lower down the tube than the light DNA (which contained **N). The
bands became visible when the tubes were exposed to ultraviolet light.

»The results gave overwhelming support to the semiconservative
hypothesis. In the first generation, all the DNA had a density midway between
that of heavy DNA and light DNA. Thus it contained equal amounts of each.
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= In the second generation, two sorts of DNA were detected: one was light
DNA,; the other containing equal amounts of **N and N (i.e. it was like the
DNA in the first-generation bacteria).

= Throughout the investigation, DNA from the control culture produced
only light bands, indicating that it contained only *N.

» The enzymes involved in replication

DNA replication is a complex process involving several different
enzymes:

» Helicases separate the two DNA strands. Their action uses energy from
ATP.

= DNA binding proteins keep the strands separate during replication.

» DNA polymerases catalyse the polymerisation of nucleotides to form a
polynucleotide chain in the 5' to V¥ direction. This allows one strand to be
replicated continuously.

= The other strand is not replicated continuously but in small sections. The
pieces of polynucleotide chain are joined together by an enzyme called DNA
ligase.

DNA is a long molecule. DNA replication would take a long time if it
started at one end and proceeded nucleotide by nucleotide along the entire
length of the molecule. In fact, the double helix opens up and replicates
simultaneously at a number of different sites, known as replication forks. DNA
ligases then join the segments of DNA together, completing the synthesis of
new DNA strands.

Quick check:

1. List the ingredients Kornberg used to make DNA in the test tube.

2. During DNA replication, what is the function of:

a) helicases

b) DNA binding proteins

c) DNA polymerase

d) DNA ligase?

3. Suppose DNA replication were conservative. What results would
Meselsohn and Stahl have obtained in the first generation?

4. Describe how DNA can be made in the laboratory.

5. Interpret Meselsohn and Stahl’s experiment on semiconservative
replication.

6. Describe how semiconservative replication takes place.
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7. Divide the text into an introduction, principal part and conclusion.
8. Express the main idea of each part.

9. Give atitle to each paragraph of the text.

10. Summarize the text in brief.

m Text 7. The Chemical Nature Of Genes

A capsule is an outer coat covering a bacterial cell.

ete s Unlike a slime layer, it is not easily washed off.
”\’:j}j “z\:&l—,\ Although capsules are not essential for bacterial growth
m and reproduction in laboratory conditions, they can
ZQ:@ A\ make the difference between life and death in natural
*:‘-*’:m; =t %, situations. For example, Streptococcus pneumoniae (a

—— N€Mber of the pneumococci, the group of pneumonia-
causing bacterla used in Griffith's experiment; see text) has non-capsulated and
capsulated strains. Those lacking a capsule are easily destroyed by the host and
do not cause disease. However, the capsulated strain Kkills mice quickly. The
capsule helps the bacterium resist phagocytosis by host cells. It contains a great
deal of water, protecting the bacterium from desiccation; it keeps out
detergents which could destroy the cell surface membrane; and it helps bacteria
attach to host cells.

We know today that DNA is the chemical in which information is from
parent to offspring. This spread looks at how researchers established this link
between DNA and inheritance. In the 1860s, nearly 100 years before Watson
and Crick's work on the structure of DNA, Gregor Mendel established that
inheritance depends on factors that are transmitted from parents to offspring. In
1909 it was found that patterns of inheritance were reflected in the behaviour
of chromosomes. Wilhelm Johannsen referred to these factors as genes. Genes
were assumed to be located on the chromosomes because genes that are
inherited together (linked genes) were found to be carried on the same
chromosome. However, the chemical composition of genes was not known.

Protein or DNA: which is the genetic material?

Chromosomes were known to contain both protein and DNA. Most

biologists assumed that proteins, with their highly complex and infinitely
variable structure, were the inherited material. The nucleic acids were thought
to be too simple to carry complex genetic information. This view was
reinforced by the work of Phoebus Aaron Levene. Levene made major
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contributions to the chemistry of nucleic acids but believed, mistakenly, that
DNA was a very small molecule, probably only four nucleotides long.

In 1928 Fred Griffith, an English medical bacteriologist, published a paper
describing experiments on pneumococci. His results set the stage for the
research that finally showed that DNA is the genetic material.

Griffith's experiment: transformation of pneumococci.

o T e Pneumococci are bacteria that cause

B,  of%  o%h. pneumonia. They occur in two strains: a

AT R e B S | disease-causing smooth strain (strain S), and

=%l 1 | a harmless rough strain (strain R). Strain S

% 2 ‘% y has a capsule on its cell surface; this capsule

ooty s ey 3 wenees | js - apsent from the harmless strain R (see
o | Factof life).

R Griffith found that mice injected with

live strain S soon died, but those injected with live strain R survived. Mice
injected with dead strain S bacteria (killed by heat) all survived. The results of
this series of experiments were as expected. However, the results of Griffith's
next series of experiments were thoroughly baffling: mice injected with a
mixture of heat-killed strain S and live strain R died. Moreover, Griffith
recovered live strain-S bacteria from the dead mice.

After many careful experiments, Griffith concluded that hereditary
material had passed from the dead bacteria to the live bacteria. This changed
harmless strain R bacteria into virulent strain S pathogens. This process is
called transformation.

Avery's experiment: DNA was the transforming agent.

In the 1940s, Oswald T. Avery, Colin MacLeod, and .
Maclyn McCarty showed that DNA was responsible for j
transformation.

»They used enzymes that hydrolysed polysaccharide,
DNA, RNA, and protein on samples of the disease-causing
strain-S pneumococci. :

» Different samples had different parts of their cells destroyed by these
enzymes.

»The researchers then exposed strain-R pneumococci to the treated
samples of strain S.

» The transformation of strain R to strain S was blocked only when the
DNA in the sample was destroyed.
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These results provided strong evidence that DNA carried genetic
information for transformation. However, many scientists remained
unconvinced.

Hershey and Chase: the role of DNA on the T2 phage life cycle

In 1952, Alfred D. Hershey and Martha Chase
performed several experiments with T2 bacteriophage, a |
virus that infects bacteria. Their results convinced even the |
sceptics that DNA, and not protein, was the genetic
material.

Electron micrographs indicate that T2 bacteriophage
infects Escherichia coli by injecting its DNA into the bacterium while leaving
its protein coat on the outside. The phage takes over the genetic machinery of
the host cell to make new phages. Eventually, the bacterial cell bursts (a
process called lysis), releasing new phages to infect other bacteria (figure 1).

Hershey and Chase wanted to test the hypothesis that only the viral DNA
entered the bacterium. They made use of the fact that DNA contains
phosphorus but not sulphur, whereas protein contains sulphur but not
phosphorus.

=\With some T2 phages, they labelled the viral DNA with a radioactive
isotope of phosphorus (**P). With other T2 phages, they labelled the viral
protein coat with a radioactive isotope of sulphur (*S).

» They added the viruses to a culture of E. coli and gave them enough time
to infect their host cells (but not enough time to reproduce).

= The viral coats were then separated from the infected bacteria by shaking
the mixture vigorously in a blender.

=\When E. coli was infected with a T2 phage containing **S (labelled
Protein), little radioactivity occurred within the bacterial cells.

=\With a T2 phage containing **P (labelled DNA), the bacterial cells were
radioactive. Moreover, when the bacterial cells burst open, the new viruses that
emerged were radioactively labelled with **P. When the protein was labelled,
new viruses were only slightly radioactive.

Quick check:

1. How can the harmless rough strain of pneumococcus be transformed
into the pathogenic smooth strain?

2. How can the DNA in the disease-causing smooth strain of bacteria bt
extracted from RNA and proteins?
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3. Describe the distribution of protein and DNA in T2 bacteriophage.

4. Explain how they can each be labelled.

5. Explain the significance of Griffith’s work on Pneumococcus.

6. Describe how Avery and other workers analysed the transforming
factor.

7. Describe Hershey and Chase’s experiment.

8. Express the main idea of each paragraph in a single sentence in English.

9. Suggest a suitable title for each paragraph of the text.

10. Divide the text into an introduction, principal part and conclusion.

m Text 8. The_ One Gene One Polypeptide Hypothesis
Phenylketonuria (PKU) occurs in about one in 10 000 live births among
white Europeans. If untreated, a patient may have an 1Q (intelligence quotient)
of less than 20 (the average 1Q is 100).
The disorder is treated by reducing the
intake of phenylalanine in the diet to an absolute

%/" - minimum. A child with PKU must avoid
—w“ products that are rich in phenylalanine such as
g\ drinks and confectionery that are sweetened with

aspartame. (Aspartame contains a mixture of two
amino acids: aspartic acid and phenylalanine.)

High blood levels of phenylalanine are not damaging in adulthood
(presumably because brain growth is complete), so except while pregnant or
breast feeding, adults with PKU can eat a normal diet.

In the 1940s and early 1950s, researchers established that genes are made
of DNA. At the same time, other researchers wanted, to know how genes
determine inherited characteristics. Clues came from research carried out in the
early 1900s by Sir Archibald Garrod. He observed that two human inherited
diseases - alkaptonuria and phenylketonuria (PKU) - were each caused by
absence of a specific enzyme. (He called these diseases ‘inborn errors of
metabolism'.)

Alkaptonuria

People suffering from alkaptonuria lack an enzyme called homogenistic
acid oxidase. This enzyme breaks down the amino acids tyrosine and
phenylalanine. When the enzyme is absent, an intermediate product known as
homogenistic acid accumulates. This causes a dark brown discoloration of the
skin and eyes, and progressive damage to the joints, especially the spine.
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Phenylketonuria

Normally, phenylalanine is converted into another amino acid by a
transferase (an enzyme which helps transfer a chemical group from one
organic molecule to another). This enzyme is absent from people with PKU.
This means that phenylalanine accumulates in the blood. High concentrations
of phenylalanine damage the nervous system, leading to severe mental
retardation. Nowadays, routine postnatal screening detects the condition early
enough that the diet can be modified to prevent brain damage (see Fact of life).

Garrod's observations indicated that genes probably exert their effects
through enzymes, but the evidence was only circumstantial. Scientists wanted
more direct proof that genes brought about their effects by determining which
enzymes were made in cells. This proof came with the work of George Beadle
and Edward Tatum on Neurospora crassa.

Beadle and Tatum: the one gene - one enzyme hypothesis

Neurospora crassa is a common pink mould (a
fungus) which is a particularly damaging pest in bakeries
because it can turn bread mouldy. It reproduces by spores
and grows in the bread as a mycelium (a mass of threads).
It has several features which make it suitable for genetic research . One of the
most important is its ability to produce haploid spores asexually. These spores
are identical, and have only one set of chromosomes. They therefore have only
one allele for each characteristic (spread 19.3). This means that a recessive
mutation is not masked by a dominant allele; it is always expressed in the
haploid organism.

Neurospora can grow on a culture medium called minimal medium. This
contains sugar, a source of nitrogen, mineral ions, and the vitamin biotin. The
fungus can synthesise all the other carbohydrates, fats, proteins, and nucleic
acids it needs using enzymes produced by its cells.

= Beadle and Tatum grew Neurospora on minimal medium and exposed
the culture to a dosage of X-rays that caused the formation of mutations.

= Occasionally a mutant spore was produced that was unable to grow on
minimal medium. However, it would grow and reproduce if provided with all
20 amino acids.

= After isolating a mutant Neurospora, Beadle and Tatum attempted to
grow it on 20 different minimal media, each of which was supplemented with a
different single amino acid.
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= They discovered that the mutant that could not grow on the minimal
medium needed only one particular amino acid in order to grow and reproduce
normally.

= They concluded that the mutant lacked the enzyme required to

synthesise that particular amino acid.

Further experiments indicated that other mutants lacked different
enzymes, each of which was dictated by a particular gene. In each case, Beadle
and Tatum found that the inability to synthesise a specific enzyme was
inherited in a normal Mendelian manner. They concluded that each gene in an
organism coded for the production of one enzyme. This became known as the
one gene-one enzyme hypothesis. The hypothesis was soon extended to a one
gene-one protein hypothesis when it was shown that proteins other than
enzymes could also be determined by specific genes.

Refining the theory

The hypothesis was modified into the one gene-one polypeptide

hypothesis when it was realised that proteins could consist of more than
one polypeptide chain, each determind by the action of a different gene.

For example, haemoglobin has four polypeptide chains, two identical
alpha and two identical beta chains. These two different types of polypeptide
are determined by two separate genes. Sickle-cell anaemia is caused by a
mutation in a single gene which results in just one amino acid being changed in
the beta chain of haemoglobin.

Quick check:

1. How does phenylketonuria indicate that genes exert their effects
through the production of specific enzymes?

2. How does Beadle and Tatum's experiment on neurospora support the
one gene-one protein hypothesis?

3. Explain why the one gene-one protein hypothesis needed to be modified
in the light of conditions such as sickle-cell anaemia.

4. Describe Beadle and Tatum’s experiment on Neurospora which led to
the one gene-one enzyme hypothesis.

5. Explain how certain inherited metabolic disorders indicate that genes
exert their effects through enzymes.

6. Discuss why the one gene-one enzyme hypothesis had to be modified.

7. Divide the text into an introduction, principal part and conclusion.

8. Express the main idea of each part.
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9. Give a title to each part of the text and summarize the text in brief.

mText 9. The Gene Code

Prokaryotes and eukaryotes share the same 'language of life'. Comparisons
of DNA sequences with the corresponding protein sequences
- reveal that (with a few exceptions) an identical genetic code
Is used in both prokaryotes and eukaryotes. This means that
. bacteria can be genetically engineered to make human
proteins. The universal nature of the code suggests that all
living thmgs are descended from a single pool of primitive cells which first
evolved this code.

One of the most remarkable facts of life is that each cell in an organism
contains all the information required to determine all the characteristics of that
whole organism. This information is stored in DNA, and is known as the
genetic code. Deciphering that code has been one of the major scientific
breakthroughs of the twentieth century. It has given us an understanding of
how genes function, and it has opened the way for most of the recent
developments in genetic engineering and biotechnology.

Transcribing the genetic code from DNA to mRNA

The genetic code is held in the order of bases along the DNA molecule.
Sections of DNA called cistrons (commonly referred to as genes) contain the
information needed to make a particular polypeptide. However, DNA does not
carry out polypeptide synthesis directly. When the DNA in a cistron is
activated, the information is transferred to a molecule of ribonucleic acid
(RNA) called messenger RNA (mRNA), which acts as a template for the
synthesis of the polypeptide.

The central dogma of biology

The relationship between DNA, mRNA, and polypeptides in a eukaryotic
| cell is often called the central dogma of biology.

= mRNA is made on a DNA template in the nucleus, in a process called 1
transcription.

» The mRNA then moves into the cytoplasm, where it combines with
ribosomes to direct protein synthesis by a process called translation.

» When the information in a cistron is used to make a functional
polypeptide chain by transcription and translation, gene expression is
said to have taken place.
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MRNA is made from the DNA template
MRNA is a large polynucleotide polymer, chemically similar to DNA but
differing in that:
= mRNA consists of only one chain of nucleotides, not two
» mRNA contains the sugar ribose instead of deoxyribose
= mRNA contains the base uracil instead of thymine.
During transcription, DNA acts as a template for making mRNA by
complementary base pairing. Thus a particular short sequence of DNA may be
transcribed as follows:
DNA base sequence: TAGGCTTGATCG
MRNA base sequence: AUCCGAACUAGC
The triplet code: frame-shift experiments
Twenty amino acids make all the proteins in living organisms.
»|f a code consisted of one base for one amino acid, only four
combinations would be provided (there are four bases).
= If two bases coded for one amino acid there would be 16 (4%) possible
combinations.
= A three-base (triplet) code provides 64 (4°) possible combinations, more
than enough for all 20 amino acids.
Francis Crick and his co-workers confirmed that the genetic code is a triplet
code. Using enzymes, they added or deleted nucleotide bases in the DNA of a
virus that infects bacteria. They found that when one or two bases were added
or deleted, the viruses were unable to infect the bacteria. But when three bases
were added or deleted, the virus was able to infect the bacteria. They
concluded that adding or removing one or two bases caused a frame shift
which inactivated the gene. However, adding or removing three bases only
partially affected the gene. Thus the sequence of bases shown above would
contain the following sequences of DNA base triplets and mRNA codons:
DNA base triplet sequence: TAG GCT TGA TCG
MRNA codon sequence: AUC CGA ACU AGC
If one base (for example, guanine) is added to the DNA the frame shifts and
the sequence of triplets and codons is changed:
DNA base triplet sequence: GTA GGT TTG ATC G
MRNA codon sequence: CAU CCG AACUAGC
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The results of the frame-shift experiments also showed that the code is non-
overlapping:

= Each triplet in DNA specifies one amino acid.

»Each base is part of only one triplet, and is therefore involved in

specifying only one amino acid.

A non-overlapping code requires a longer sequence of bases than an
overlapping code (see box): however, replacing one base for another has a
small or no effect.

Cracking the genetic code

To crack the genetic code, scientists had to work out which of the 64
codons determined each amino acid. To do this, they made mRNA molecules
with a known sequence of bases. This mMRNA was added to a cell-free system
that contained isolated ribosomes, radioactively labelled amino acids, and all
the enzymes needed for polypeptide synthesis. The polypeptides that were
synthesised were then analysed to determine their amino acid sequence.

The first synthetic mMRNA molecule made was a chain of uracil bases and
was called poly-U. The polypeptide chain synthesised from it contained only
phenylalanine. It was therefore concluded that the codon UUU codes for
phenylalanine.

The complete genetic code was confusion finally deciphered in 1966.

Quick check:

1. What is the “central dogma” of biology?

2. What is the name given to the result of adding one or two nucleotide
bases to a DNA sequence?

3. Describe the relationship between DNA, messenger RNA, and proteins.

4. Explain how frame-shift experiments support the triplet code
hypothesis.

5. Discuss the main features of the genetic code.

6. Divide the text into an introduction, principal part and conclusion.

7. Express the main idea of each part.

8. Give a title to each part of the text and summarize the text in brief.
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Suggested Answers and Solutions

Unitl. Text 1.1
p.4. EXx.A: 1H; 2A; 3F; 4G; 5D; 6C; 7E; 8B.
p. 10. Ex. Il: respond-response; transform-transformation;

move-movement; develop-development;
respire-respiration; create-creation; define-definition.

p.11. Ex. VI: 1) 1-5; 2-6; 3-4; 2) 1-4; 2-6; 3-5;

3) 1-3; 2-4; 4) 1-4; 2-5; 3-6.

p.12. Ex. VIII: 1H; 2F; 3G; 4A; 5B; 6C; /D; 8E.

Text1.2

p. 19. Ex. 1l: 1) 1-4; 2-6: 3-5; 2) 1-2; 3-5; 4-6; 3) 1-4; 2-3;

4) 1-3; 2-4;5) 1-3; 2-4,

pp.19. Ex. I11: 1. employment; 2. inheritance; 3. modification;

4. observation; 5. measurement; 6. prediction; 7. understanding;

8. discovery; 9. knowledge; 10. contradiction.

p. 20. Ex. V: 1E; 2G; 3A; 4F; 5B; 6D; 7H; 8C.

p. 23. Ex. Xll: Model answer

Dear Mrs Jones,

I am writing this letter to let you know about the areas of biology | am
mostly interested in specializing in. These are molecular biology and genetics.
| have chosen these areas because | have always been interested in the cell,
this tiny living organisms, and the ways it works. | would like to know
everything how its different systems interact. Also, DNA is another great
mystery to me. | would like to learn how all this genetic information is stored
and passed on from one generation to the next.

| realize that there are no hard lines between these two areas of study, that
is, molecular biology and genetics, so | would like to know how my choice now
will affect my career prospects later. What | hope to do when | graduate is
work with doctors and chemists and do research in order to find cures for
different diseases.

| would very much appreciate it if you could meet me during your office
hours in order to discuss my options. Would Monday 17" October at 10 am be
suitable for you?

Thank you very much for your time. | am looking forward to hearing from
you.

Yours sincerely,

Carly Browny.
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Unit I1. Text 2.1

p. 26. Quick check

1. Living things are made of cells and these cells have certain things in
common.

2. a) glycogen granules; b) chloroplast, cell wall, vacuole membrane
(tonoplast), vacuole; c) cell surface membrane, mitochondria, cytoplasm, and
nucleus.

pp. 26. EX. Il: exist— existence — existent; store — store — store;

form — form — formal; divide — division — divisible;
act — act — active; suit — suitability — suitable;
differ — difference — different.
p. 27. Ex. IV:1L; 2 F; 3A; 4l; 5J; 6B; 7E; 8C; 9D; 10G; 11H; 12K.
p. 28. Ex.VII: 1) 1-3;2-4; 2) 1-5; 2-3; 4-6;
3) 1-3;2-5; 4-6; 4) 1-2; 3-5; 4-6.

p. 29. Ex. IX: 1D; 2H; 3B; 4F; 5C; 6l; 7E; 8K, 9G, 10A, 11J, 12L.

Text 2.2

p. 33. Quick check

1. a) interphase, prophase, metaphase, anaphase, and telophase.

b) interphase.

2. mitosis involves one division and the formation of two daughter cells
from each parent cell whereas meiosis involves two divisions and the
formation of four daughter cells from each parent cell.

p. 33. Ex. Il: replace — replacement — replaceable

continue — continuity - continuous
condition — condition - conditional
fuse — fuse - fusible

mutate — mutation - mutable
double — double — double

pp. 34. Ex. 1V: 1L, 2K; 3H; 4J; 5B; 6l; 7E; 8A; 9C; 10F; 11G; 12D.

p. 35. Ex. VII: 1) 1-4; 2-3; 2) 1-2; 3-4-5; 3) 1-3; 2-4-5; 4) 1-3-5;2-4.

pp. 36. Ex. 1X: 1F; 2I; 3D; 4A; 5B; 6G; 7E; 8C, 9H.

Text 2.3

pp. 39. Quick check

1. a) a magnification in a light microscope is varied by changing the power
of the glass lenses.

b) magnification of an electron microscope is varied by changing the
strength of the electromagnets.

2. Electron microscopes use beams of electrons which have a shorter
wavelength than light, giving electron microscopes a higher resolving power
than light microscopes.

3. 0.2 micrometres.
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p. 40. Ex. I11: magnify — magnification - magnified
multiply — multiplication — multiple
reflect — reflection — reflective
absorb — absorbability — absorbable
prevent — prevention — preventative
p. 40. Ex. IV: 1E; 2H; 3K 4A,; 5B; 6C; 7J; 8D; 9F; 10G;111.
p. 41. Ex.VII: 1) 1-3; 2-4; 2) 1-4; 2-3; 3) 1-6; 2-4; 3-5;
4) 1-3; 2-4;
p. 42. Ex. IX: 1G; 2E; 3A; 4H; 5C; 6l; 7F; 8D, 9B.
Unit 111. Text 3.1
p. 44. EX.A.: 1C; 2D; 3E; 4F; 5G; 6A; 7B; 81;9J; 10H
p. 47. Quick check
1. a nucleoside contains a base and pentose sugar whereas a nucleotide
consists of a base, sugar, and phosphate;
2. condensation
3. TTAGGC.
pp. 47-48. Ex.11.: discover — discovery; project — project;
describe — description; receive — receiver;
remove — remove/remover,
condensate — condensation; react — reaction.

Text 3.2

p. 51. EX. A. 1C; 2L; 3E; 4A; 5B; 6D; 71; 8G; 9K; 10H; 11F; 12J.

p. 64. Quick check

1. a bead-like structure consisting of DNA and histones

on chromosomes;

2. control the distribution of chromosomes during cell division;

3. telomeres seal the ends of chromosomes; shoelace tips seal the

ends of shoelaces.

Unit IV. Text 4.1

p. 59. Ex. A: 1C; 2A, 3l; 4G; 5H; 6J; 7K; 8E; 9L; 10D; 11B; 12F,

p. 65. Quick check

1. an agent that causes a mutation (e.g. X-rays)

2. the genotype refers to the genetic make-up of an organism (i.e.the
alleles it has) whereas the phenotype refers to the visible or otherwise
measurable characteristics of an organism resulting from an interaction
between the genotype and environment;

3. heterozygous

4. continuous variation

Text 4.2

p. 67. Ex. A: 1l; 2J; 3A; 4F; 5D; 6H; 7B; 8C; 9E; 10G.
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p. 72. Quick check

1. non-separation of one or more homologous chromosomes during
meiosis;

2. @) amniocentesis can be carried out at about 15-16 weeks of pregnancy
whereas chorionic villus sampling can be carried out between weeks 8 and 12;

b) amniocentesis carries a lower risk than chorionic villus sampling;

3. chorionic gonadotrophin.

p. 72. EX. 1l. increase — increase — increased;

prevent — prevention — preventative/preventive;
risk — risk — risky;

inherit — inheritance — inheritable/inherited;
perform — performance — performing/performable;
decide — decision — decisive;

analyse — analysis — analytic.

Unit V. Text 5.1

p. 79. Quick check

1. nerve fibre carrying nerve impulses away from the cell body

2. a) nerve impulses; b) hormones.

p. 79. Ex. I11. 1c; 2f; 3b; 49; 5d; 6a;

pp. 79-80. Ex. IV. 1. Favourable stimulus; 2.nervous system;

3. to process information; 4. motor neurones; 5. target cell; 6. water
balance; 7. to respond appropriately; 8. considerable distances; 9. insulating
material; 10. external environment.

p. 80. Ex. V.

1. Ductless (endocrine) glands secrete their hormones directly into the
bloodstream.

2. The endocrine system consists of a number of glands that secrete
hormones.

3. Responses to stimuli usually involve the coordinated actions of
different parts of the body.

4. The CNS acts as an integration centre and processes information from
many sources.

5. Each living organism has its own specific type of sensitivity.

6. Hormones regulate such processes as heart rate, metabolism, gastric
secretion etc.

7. Sense organs and effectors occur in different parts of the body.

8. The nervous system of mammals is more complicated than one of
single-celled organisms.

9. Neurones convey information in the form of nerve impulses.

10. Blood glucose concentration is regulated by the endocrine system.
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p. 80-81. Ex. VI. 1. range from; 2. consists of; 3. occur at; around; 4. acts
as; 5. such as; 6. major; 7. apart from; 8. characteristic features; 9. detect;
appropriately; 10. involve.

Text 5.2

p. 86. Quick check

The resting potential is determined by an unequal distribution of charged ions
inside and outside a neurone, making the inside negative relative to the outside.

p. 86-87. Ex. Il1l. 1C; 2F; 3D; 4E; 5A; 6B.

p. 87. Ex. IV.

1. resting potential; 2. escape movements; 3. external environment;

4. sodium ions; 5. potential difference; 6. electrical charge;

7. light intensity; 8. to respond quickly; 9. nerve fibres; 10. to reach a
peak.

p. 88. Ex. VII. The inside / interior (of the neurone); the size of the
potential; to respond quickly; resting condition; potential difference; to reach
the threshold level; to obey the law; unequal distribution; to measure; complete
reversal of charge.

p. 88. Ex. IX. During the resting potential, the voltage-gated sodium and
potassium ion channels are closed. When a stimulus is applied, sodium ion
channels open rapidly, sodium ions move in, and the inside becomes more
positive. If the stimulus reaches the threshold level, an action potential occurs.
When the action potential reaches its peak, the sodium ion channels close
slowly and potassium ion channels open slowly. Sodium ions stop moving into
the cell but potassium ions diffuse more rapidly out. These changes cause the
potential difference to drop. When the membrane returns to its resting
potential, potassium ion channels close, but because they do this slowly, the
potential dips below the resting level. Finally, when the potassium ion channels
are closed, the membrane returns to its resting condition.

Unit VI. Text 6.1

p. 92. Quick check

1. The change over successive generations of the genetic composition
(allele frequency of a population) that may result in the formation of new
species from pre-existing species.

2. Neo-Darwinism incorporates new scientific evidence, particularly from
genetics and molecular biology.

pp. 92. Ex. Il: exist — existence — existent;

suggest- suggestion — suggestible;
reproduce — reproduction — reproductive;
develop — development — developmental,
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inherit — inheritance — inheritable;
inhabit- inhabitant — inhabitable
evolve — evolution — evolutionary;
select — selection — selective.

p. 93. Ex. IV: 1H; 2K; 3N; 4L; 50; 6E; 7C; 8F; 9M; 10B; 11D;

12A; 13G; 141; 15J.

p. 94. Ex.VII: 1) 1-5;2-6;3-4; 2) 1-5; 2-4; 3-6;

3) 1-3; 2-4; 4) 1-4; 2-5; 3-6.

p. 95. Ex. IX: 1E; 2H; 3A; 4B; 5G; 6C; 7D; 8F.

Text 6.2

p. 99. Quick check

1. Ability to pass on alleles to subsequent generations; the fittest
individual in a population is the one that produces the largest number of
offspring.

2. a. Disruptive selection; b. intermediates would be at a selective
disadvantage because they would be easily seen against either a green or
brown background.

p. 99. Ex. Il: argue — argument — argumentative

occur — occurrence — occurring
Increase — increase — increasing
compete — completion — competitive
expose — exposition - expository
distribute — distribution — distributive
describe — description - descriptive
pp. 101. Ex. 1V: 1H; 2D; 3G; 4M; 5A,; 6K; 7B; 8N;
9E; 100; 11C; 12F; 13J; 41; 15L.

p. 101. Ex.VII: 1) 1-4; 2-5; 3-6; 2) 1-3; 2-4,

3) 1-4; 2-5; 3-6; 4) 1-4; 2-6; 3-5.

pp. 102. Ex. IX: 1D; 2F; 3B; 4A; 5G; 6H; 7C; 8E.

Text 6.3

p. 106. Quick check

1. Directional selection.

2. a. Inbreeding reduces genetic diversity;

b. outbreeding increases genetic diversity.

3. Harmful recessive alleles may be less likely to be present in the
homozygous condition and some allele combinations may interact positively.p

p. 107. Ex. 1l: suit — suitability - suitable

resist — resistance - resistant
interact — interaction - interactive
value — valuation , value - valuable
cultivate — cultivation — cultivable
desire — desire — desirable

183



p. 107. Ex. IV: 1D; 2H; 3N; 4J; 5A; 6L; 7M; 8B; 9C;
10E; 11F; 120; 13G; 141;15K.
p. 108-109. Ex.VII: 1) 1-3-4; 2-5-6; 2) 1-4; 2-3; 3) 1-4; 2-5; 3-6;
4) 1-3; 2-4.
p.109. Ex. IX: 1E; 2D; 3B; 4A; 5C; 6H; 7F; 8G.
Text 6.4
p. 114. Quick check
1. a. Associated with a shorter and flatter nose which has allowed the
evolution of stereoscopic vision;
b. gives a powerful grip;
c. results in reduced number of offspring associated with increased
parental care;
d. allows increased mobility of forearm.
p. 115. Ex. 1l: reflect — reflection — reflective
adapt — adaptation — adaptive
grasp — grasp - grasping
depend — dependence — dependent
support - - support — supportive
extinguish — extinction — extinct
separate — separation — separate
p. 115. Ex. IV: 1K; 2H; 3F; 4J; 5A; 61; 7B; 8N; 9L,
10C; 110; 12G; 13E; 14M;15D.
p.117. Ex.VII: 1) 1-4; 2-3; 2) 1-4-7; 2-5; 3-6;
3) 1-3; 2-4-5; 4) 1-4; 2-3.
p.117. Ex. IX: 1E; 2C; 3F; 4B; 5H; 6D; 7A; 8G.
Unit 7. Text 7.1
p. 121. Quick check
1. a. Carbon dioxide; b. oxygen
2. a. Light-dependent stage occurs in the grana of chloroplasts;
b. the light-independent stage occurs in the stomata of chloroplasts.
p. 121. Ex. 1l: react — reaction — reactive
accumulate — accumulation — accumulative
produce — product productive
require — requirement — requisite
connect — connection — connective
pp. 122. Ex. 1V: 1G; 2D; 3A; 4M; 51; 6N; 7B; 8L; 9E;
100; 11C; 12J; 13F; 14H;15K.
pp. 123. Ex.VII: 1) 1-4; 2-3; 2) 1-3; 2-4; 3) 1-6; 2-5; 3-4; 4) 1-4; 2-3.
p. 124. Ex. IX: 1F; 2A; 3E; 4B; 5H; 6G; 7D; 8C.
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Text 7.2
p. 128. Quick check
1. Water availability affects many activities in addition to photosynthesis.
Water deprivation may kill a plant, but the cause of death may not be
connected to photosynthesis.
2. The compensation point for a shade plant is at a lower light intensity
than that of a sun plant.
3. Light intensity.
p. 128. Ex. Il: measure — measure - measurable
subject — subject - subjective
interact — interaction — interactive
recognise — recognition — recognizable
concentrate — concentration — concentric
pp. 128-129. Ex. 1V: 1C; 2G; 3H; 4L; 5A; 6l; 7M; 8D;
9K; 10E; 11N; 12B; 13J; 140;15F.
p. 130. Ex.VII: 1) 1-3; 2-6; 4-5; 2) 1-5; 2-3; 4-6; 3) 1-3; 2-4; 4) 1-4; 2-3
p. 130-131. Ex. IX: 1G; 2H; 3E; 4A; 5C; 6B; 7F; 8D.
Text 7.3
pp. 135-136. Quick check
1. Two from wheat, soya beans, and rice.
2. Sugar cane is called a C 4 plant because it fixes carbon dioxide as a
four-carbon compound.
3. At night.
4.aC4; b CAM; c C3
p. 136. Ex. Il: adapt — adaptation — adaptable
fix — fixation — fixed
conserve — conservation - conservative
separate — separation — separate
dry — drought - dry
pp. 136-137. Ex. 1V: 1N; 2F; 3L; 4A; 5J; 6M; 7B; 80; 9C;
10G; 11D; 12H; 13l; 14K;15E.
p. 138. Ex.VII: 1) 1-3; 2-4; 5-6; 2) 1-2; 3-6; 4-5;
3) 1-4; 2-3; 4) 1-4; 2-3.
pp. 138-139. Ex. 1X: 1E; 2D; 3A; 4F; 5H; 6B; 7G; 8B.
Unit VIII. Text 8.1
p. 143. Quick check
1. a) cuticle; b) the upper surface is more exposed to sunlight, making it
hotter than the lower surface.
2. Photosynthesis.
3. Collenchyma consists of living cells with the corners of each cell
reinforced by extra cellulose whereas mature sclerenchyma consists of dead
cells impregnated with a thick layer of lignin.
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p. 144. Ex. 111: connect — connection — connective
require — requirement - required
support — support — supportive
protect — protection — protective
adapt — adaptation/adaptability — adaptable
expose — exposition — exposed
reproduce — reproduction — reproductive
p. 144. Ex. 1V: 1) 1-4; 2-5; 4-6; 2) 1-4; 2-6; 3-5; 3) 1-3; 2-4; 4) 1-4; 2-3.
p. 145. Ex. VI: 1D; 3G; 3E; 4F; 5B; 6A; 7C.
pp. 145-146. Ex. VIII: 1B; 2F; 3G; 4C; 5E; 6H; 7D; 81; 9A; 10J.
Text 8.2
p.150. Quick check
1. All stems have nodes and internodes.
2. Support, transport, tissue production, storage of food and water.
3. Parenchyma cells help support stems by becoming fully turgid and
pressing against other cells.
p. 150. Ex. 1l: diperse — dispersal - dispersed
attach — attachment — attached
locate — location — located
identify — identification - identified
store — storage - stored
maintain — maintenance - maintained
penetrate — penetration - penetrated
strengthen — strength - strong
grow — growth - grown
add — addition — additional
p.151. Ex. VI: 1)1-4; 2-5; 3-6; 2)1-3; 2-4; 3)1-6; 2-4; 3-5;
4)1-3; 2-4; 5)1-3; 2-4; 5-6.
p. 152. Ex. VIII: 1E; 2A; 3G; 4H; 5F; 6D; 7C; 8I; 9B.
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Glossary of Biological Terms

aerobe An organism which needs molecular oxygen for its metabolism.

agar A jelly-like substance obtained from seaweed (red algae) used to help
solidify nutrient media for growing microorganisms.

anaerobe An organism which cannot grow if molecular oxygen is present;
strict anaerobes are killed by oxygen, facultative anaerobes will grow if
oxygen is present but can also grow if oxygen is absent.

antibiotic A chemical produced by microorganisms, such as bacteria and
moulds that, in dilute solution, can Kill or inhibit the growth of other
microorganisms.

antibody A protein produced by B lymphocytes of the immune system.
Antibodies are very specific and help defend the body against pathogens
and foreign molecules by binding to antigens and bringing about their
destruction.

antigen A molecule that is recognised and bound by a specific antibody.

apoptosis A kind of cellular self-destruction that demands energy and protein
synthesis for its occurrence.

artificial selection The purposeful breeding of certain traits over others.

autotroph An organism that is able to synthesise the organic materials it
requires from inorganic substances in its environment.

biotechnology The application of living organisms, or substances made from
them, to make products of value to humans.

capsid The protein coat of a virus.

cell A very small unit of living matter.

cell culture Growing cells or tissues in a laboratory, or on an appropriate
nutrient medium.

chemoautotroph An organism which uses carbon dioxide as its sole source of
carbon and inorganic chemicals as its source of energy.

chitin A tough resistant polysaccharide which is a component of some fungal
cell walls.

class The second highest group into which animals and plants are divided,
below a Phylum and including several orders.

clone A group of genetically identical organisms or cells which are all
descended asexually from the same individual.

coccus (plural cocci) A sphere-shaped bacterium.
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dry Without moisture.

environment The natural conditions, eg land, air and water, in which people,
animals and plants live.

eukaryotic Cells containing a true nucleus, with a nuclear membrane and
membrane-bound organelles.

evolution  The scientific theory according to which types of animals and
plants change gradually over long periods of time through a process known
as natural selection to become better adapted to their environment.

family A group of related animals, plants, etc.

fermentation The extraction of energy from organic products without the
involvement of oxygen. Or The use of microorganisms or enzymes
extracted from microorganisms to carry out a wide variety of chemical
reactions, which may or may not be anaerobic.

flagellum (plural flagella) A fine, long, whip-like organelle which protrudes
from the cell surface. Used in locomotion and feeding they are common in
some protoctista where they have a 9+2 arrangement of microtubules in
cross section. They are also found as thread-like organelles in some
bacteria, also used in locomotion, they have a much simpler structure in
prokaryotes, being a rigid hollow cylinder of protein with a rotating base
which propels the cell along.

fungi A kingdom of eukaryotic, mainly multicellular organisms which lack
chlorophyll.

gene A length of DNA which codes for the production of a particular protein.

genetic engineering The application of methods using recombinant DNA to
give new genetic traits to an organism by introducing new genes into its
cells.

genome The complete set of genes present in an organism.

genus (plural genera) A group of animals or plants within a family, often
itself divided into several species.

grow 1 to increase in size or quantity; to become greater; 2 to develop into a
mature or an adult form.

growth The process of growing; development.

heterotroph An organism which requires organic compounds as its carbon
and energy source.

host An animal or a plant on which another animal or plant lives.
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hypothesis (plural hypotheses) An idea or a suggestion that is based on
known facts and is used as a basis for reasoning or further investigation.

iImmunization A process rendering a host immunity to a disease.

in vitro Latin for “in glass’. This term refers to biological processes carried out
outside a living organism, for example, in a test tube.

inoculation The transfer of microorganisms from one source to another, e.g.
transferring bacteria from a broth culture on to a sterile agar plate, or from a
starter culture into a fermenter containing sterile medium.

interferons A group of proteins which are active in the immune system. They
fight viral infections and stimulate the cell-killing abilities of some immune
cells. They are being tested for use in cancer therapy and in the treatment of
AIDS and other viral diseases.

limb 1 Aleg, anarm or a wing; 2 a large branch of a tree.

lymphocyte A type of white blood cell (granulocyte) for example B and

T cells.

magnify To make something appear larger, especially by using a lens or
microscope.

meristem culture Plant cells cultured from the undifferentiated meristematic
tissue from which new cells arise.

mesophile An organism which has an optimum growth between 20*C and
40*C, including most human pathogens.

microscope An instrument for making very small objects appear larger,
especially for scientific study.

muscle A piece of elastic body tissue that can be tightened or relaxed to
produce movement.

mycelium Composed of a mass of fungal hyphae tangled together.

natural selection The process by which heritable advantageous traits become
more common in successive generations, and unfavourable traitsbecome
less common.

nutrient A substance that helps a living thing to grow.

order A group of related animals or plants below a class and above a family.

pathogen A microorganism or virus that causes disease.

phylum (plural phyla) A major group to which animals or plants belong.

plant A living thing that grows in the earth and usually has a stem, leaves and
roots.
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plasmid A small, usually circular molecule of DNA that occurs in bacteria but
Is not part of the bacterial chromosome. Plasmids have been used as cloning
vectors to transfer genes between species.

Prokaryotae A kingdom of microscopic, mainly unicellular microorganisms,
including bacteria. Their DNA is circular, naked, and not situated inside a
nuclear membrane. Prokaryotic cells also lack membrane-bound organelles,
such as mitochondria.

Protoctista A kingdom of microscopic, eukaryotic organisms. They may be
unicellular or multicellular, and mainly show sexual reproduction. It is a
diverse group including heterotrophic and photosynthetic organisms.

protoplasts Plant cells that have had their rigid cellulose cell walls removed.
They are fused to produce cell hybrids and used as targets for gene transfer
in plant genetic engineering.

recombinant DNA A DNA molecule that has been formed by joining
together segments of DNA from two or more sources.

root The part of a plant that grows under the ground, absorbing water and
minerals.

sample One of a number of things, one part of a whole, that can be examined
in order to see what the rest is like; a specimen.

sap The liquid in a plant that carries food to all parts of it.

seed The part of a plant from which a new plant of the same kind can grow.

species A group of animals or plants within a Genus. Members of a species
are able to breed with each other but usually not with other species.

stem The main long thin part of a plant above the ground, or any of the
smaller parts growing from this, from which the leaves or flowers grow.

substrate A compound acted on by an enzyme and converted to a product.

vector In biotechnology, a vector is a DNA molecule which is used to transfer
genes into cells; usually this is plasmid or viral DNA.

vegetation Plants in general; plants found in a particular environment.

viable Live; capable of reproducing.

virology The study of viruses and some other virus-like agents.

virus A particle containing a nucleic acid core, either DNA or RNA,
surrounded by a protein coat called a capsid. Viruses are obligate parasites
that reproduce by entering cells and taking over the cell’'s own protein
synthesizing mechanisms.

vital Connected with or essential to life.
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Appendices

Words That Are Commonly Misused

Appendix 1

English word Russian equivalent
accept PUHKMATh, IPU3HABAThH
except KpoMme
access OCTYTI
eXcess N30BITOK, U30BITOYHBIN
adapt npucrnocadIuBarh(cs)
adopt [PUHUMATh, BHEAPATH
affect BJIMATH HA
effect pe3yJbTar
cite IIUTUPOBATH
site MECTO, MECTOIOJIOKEHNE

considerable

3HAYUTEIBHBINA, OOIBIION

considerate

BHMMAaTEIbHBIN, BEXKIUBBIN

decent adj TPWINYHBINA, TTOPSIOYHBIH

descent n CITYCK, TIPOUCXOXK/ICHHE

desert n IyCTBIHS

desert v NOKH/IATh, J1€3€PTUPOBATH

dessert n aecepT

detract yMalJlsiTh, YMEHbBINATh

distract OTBJICKATh

expand paciupsaTh(cs)

expend TPaTHTh, PACX0JI0BAThH

expanse IPOCTPAHCTBO, IPOTSHKEHUE
expense Tpara, pacxo/

expansive OOIIUPHBIT

expensive JOPOTOM, JOPOTOCTOSIIUI

hard MHOT0, YIIOPHO; TPYAHBIH, TSOKEIBIH
hardly e1[Ba, €IBa JIn

industrial TTPOMBITIICHHBIH

industrious MPWICKHBIN, YCEPAHBIN, TPYAOTIOOUBBIH
intellectual HUHTEJUICKTYaJT, YMHBIH
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intelligent

YMHBIN, pa3yMHBIN

intelligible MOHSATHBIHN, BPa3yMUTEIbHBIN

intense CUJIbHBIH

intensive WHTCHCUBHBIH, HAIIPSKCHHBIN

later [I03Ke, 0oJiee O3 IHUI

latter TIOCIICITHUH (U3 08YX Bblille YNOMSIHYMDBIX)
lately HEJAaBHO, 3a MOCJIeIHEE BPEMS

lay (laid, laid) KJIACTh, IMOJIOKUTh

lie (lay, lain) JeKaTh

lie (lied, lied) JTaTh

lend IaTh B3aiMBI, OJIOJKUTH

borrow OpaTh B JIOJIT, 3aHATh

lonely OJTMHOKHM

alone OJIiH, 0€3 Ipyrux

loose CBOOOTHBIN

lose TEPSATh

loss norepst

near OJIM3KUH, OJIN3KO

nearby OJIM3KHM, COCETHUM

nearly MTOYTH

precede IIPEIIICCTBOBATh

proceed BO30OHOBIISITh (nOC/e nepepvléa)
quantity MHOKECTBO YETO-JI. (0 HEeUCHUCAAeMbIX NPeOMemax)
number MHOTO (00 ucuucisiemvix npeomemax)
a number of psn

room MECTO, IIPOCTPAHCTBO (80006U4€e)

place MECTO (KOHKpemHoe)

position MIOJIOYKEHUE, PACIIONIOKCHHUE, pa3MEICHUE
location pa3MeIleHne, MECTO

locus (pl loci) TOYHOE MECTO PACIIOJIOKCHHUS Yero-JI.
sensible OJaropa3yMHbIH

sensitive qyBCTBUTEIbHBIA, BOCTIPUUMYHBBIT
sufficient JIOCTATOYHBIN

deficient HEJIOCTATOYHBIN

technique METOAHUKA, CITIOCO0
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Appendix 2

Book Presentation
(Useful Language)

English Phrase

Russian Equivalent

The present article (book, text, paper)
Is about (deals with, is devoted to )...

Hacrosimmast ctaThs (KHUTA, TEKCT,
paboTa) MoCBAIICHA. ..

The book embraces a wide range of
problems.

Knura oxBaTeiBaeT MUPOKUN KPyT
npooJieMm.

The main emphasis in this book is
on...

OCHOBHOE BHUMaHHE B 3TON KHUTE
COCPCAOTOUCHO HaA...

The paper presents (a comparative
analysis of...)

B paboTte naH (cpaBHUTEILHBIN
aHajus...)

The problemis ...

HpO6H€Ma 3aKJIH04YacTCsAa B TOM, YTO..

The problem raised (studied,
considered,) here is...

[Ipo6nema, moaHsATas (U3ydaemasi,
paccMmarprBaeMasi) 3aKJIF09aeTCs B. ..

There is a vast literature on the
subject.

CymiecTByeT oOLIMpHas JIUuTeparypa
10 JTAaHHOMY IIPEIMETYIO

It is necessary to point out that ...

Heo06xoamMo OTMETHTD, YTO ...

There is another proof that ...

HMmeetcs eme 0JHO JOKA3aTEIILCTBO

It is true that ...

BepHo, uto

It is clear (evident, obvious) that ...

ScHo, uTO ...

This is proved by the fact that ...

D10 moATBepKaaeTCsa (PakToOM, YTO

It must be admitted that ...

CrenyeTr JOnyCTUTH, YTO ...

It seems essential to emphasize
that...

HpeI[CTaBJIHeTCH BaXHBIM OTMCTUTD,
qTo ...

It should be noted that ...

Heo06xoamMo OTMETHTD, YTO ...

It should be added that ...

Cnenyer 106aBUTh, UTO ...

As we have said ...

Kak ObLI10 CKa3aHo ...

As has been mentioned earlier ...

Kak 6b110 yIIOMSIHYTO paHee ...

It is generally accepted that ...

OOGmenpuHsITO, UTO ...

It is known that ...

H3BecTHO, UTO ...

It a well-known fact that ...

DTO XOPOIIIO U3BECTHBIM PakT, 4To...

It is usually regarded as ...

DT0 0OBIYHO pacCMaTpruBaACTCA KaK...

According to this view ...

CormacHo JIJAaHHOM TOYKE 3pCHUA ...

On the basis of the view it is possible
to ..

Hcxons 3 1aHHOW TOYKU 3PEHMUS,
BO3MOKHO ...

This is a scientifically valid theory...

OT0 HAy4YHO-000CHOBAaHHAsI TEOPHUSL...

This conception is current.

DTa KOHIEMIMs O0IIeNpu3HaHHA.
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Phrases to Be Used in Discussion

Could you explain what you mean by ...
I'm not quite sure | follow you.

Well, the point is ...

It is obvious that ...

In my opinion ...

Aslseeit...

Won't (Would) you agree that ...?
There is no doubt about that.

| couldnt agree more.

. I completely agree with you.

. That’s just what | was thinking.

. You haven't convinced me that ...

. | agree with you on the whole but ...
. Perhaps, but ...

. Possibly, but ...

. Oh, but don’t you think that ...

. Look at it in another way ...

. On the contrary.

. On the one hand ...

. On the other hand ...

. It seems to me that ...

. | am not sure about that.

. As far as | know ...

. Could you be a little more specific?
. | am afraid, | don't agree with you here.
. It’s too time-consuming.

. It's a good point.

. 'You did a great job.

. | see your point.

. Basically I understand what you mean, but | think your conclusions

are wrong.

. I don’t think it will work.
. I'm sorry to interrupt you, but ...
. Excuse me for interrupting you, but (I don't think this information

Is relevant to the subject of our discussion).

. You misunderstood. Let me explain.
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Web - Resources and Support

Web links to some useful and helpful resources:

http://www.bbc.com.english.news/science/i-Biology.net
http://www.nature.com/nature/focus/index_biologyscience.html
http://www.scientificamerican.com/biology
http://www.bbc.co.uk/schools/gcsebitesize/science/aga/
evolutiontheories

http://www.biologycorner.com

http://www.e-journals.org/botany
http://www.en.academic.ru/dic.nsf/enwiki/4821078
http://www.humanfactor.mit.edu/overview/fellowships/science-bioligy/

http://www.science.discovery.com/convergence/100discoveries/

big100/biology.html

http://www.encyclopedia2.thefreedictionary.com/biological+science
http://www.biology.about.com/od/biologysciencefair/a/aao10807a.htm
http://www.wired.com/wiredscience/2008/01/biology-moving
http://www.newworldencyclopedia.org/entry/Biology
http://www.rspb.royalsocietypublishing.org
http://www.theregister.co.uk/science/biology
http://www.topix.net/science/biology
http://www.reference.com/browse/biology
http://www.ru.wikipedia.org/wiki/PLoS Computational Biology
http://www.open-site.org/Science/Biology/Molecular_Biology
http://www.bio-microscope.blogspot.com
http://www.blog.scientificfictionbiology.com
http://www.sciencedirect/com
http://www.history.nasa.gov/SP-4225/science/science.htm
http://www.wolfram.com/solutions/industry/biological-sciences/
http://www.ng.ru/science/2004-03-10/14 biology.htm
http://www.dictionary.reference.com/tools/toolbar-adite/install
http://www.biosci.org
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http://www.nature.com/nature/focus/index_biologyscience.html
http://www.scientificamerican.com/biology
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http://www.en.academic.ru/dic.nsf/enwiki/4821078
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http://www.open-site.org/Science/Biology/Molecular_Biology
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http://www.sciencedirect/com
http://www.history.nasa.gov/SP-4225/science/science.htm
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