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INTRODUCTION

After study of the discipline section the student should know: the structure of a
cell, its cores organellas and their participation in transfer and realization of the
hereditary information, features of mitosis and meiosis, process of gametogenesis,
structures of chromosomes and karyotypes of domestic animals. Students should be
able: to prepare cytogenetic preparations, to do karyotypic analysis of animals.

Laboratory work Nel
Subject: Cytological basics of animal’s heredity.

The purpose: To get acquainted with a structure of a cell, organellas which
take part in storage and realization of the genetic information. To learn preparing
cytogenetic preparations.

The equipment: tables of cell structure, tables of a mitosis and meyosis,
monocular microscopes, scissors, a scalpel, filtering paper, dye of Gimza fixing
solution of Karnua, hypotonic solution KCIl, a centrifuge, rotary test tubes, a cover
glass.

Course of work:

=

To get acquainted with a structure of a cell (using the Table).

To draw the scheme of a cell and to designate its organelles.

3. To fill in the table of participation organelle in storage, transfer and realization
of the genetic information.

N

Explanation of work:

Biologists traditionally classify all living organisms into two major groups, the
prokaryotes and the eukaryotes. A prokaryote is a unicellular organism with a
relatively simple cell structure (Fig. 1). A eukaryote has a compartmentalized cell
structure divided by intracellular membranes; eukaryotes may be unicellular or
multicellular. The sizes of eukaryote organisms are various.

All cells contain many structural units of the smaller size named organellas.
Organella is substructure of cells which carry out specific functions (Table 1).
Organella is a subcell unit which is limited by a membrane and is separated for



centrifugal separation at high speed. According to this definition, ribosome,
cytoskeleton, cytosol are not organellas, but it is possible to allocate them by the
centrifugal separation.
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FIGURE 1. Cell structure

From the perspective of genetics, a major difference between prokaryotic and
eukaryotic cells is that a eukaryote has a nuclear envelope, which surrounds the
genetic material to form a nucleus and separates the DNA from the other cellular
contents. In prokaryotic cells, the genetic material is in close contact with other
components of the cell — a property that has important consequences for the way in
which genes are controlled.

Another fundamental difference between prokaryotes and eukaryotes lies in the
packaging of their DNA. In eukaryotes, DNA is closely associated with a special
class of proteins, the histones, to form tightly packed chromosomes. This complex of
DNA and histone proteins is termed chromatin, which is the stuff of eukaryotic
chromosomes.

The Plasma Membrane

An animal cell is surrounded by an outer plasma membrane. The plasma
membrane marks the boundary between the outside of the cell and the inside of the
cell. Plasma membrane integrity and its function are necessary for the life of the cell.

The plasma membrane is a phospholipid belayed with attached or embedded
proteins. The structure of a phospholipid is such that the molecule has a polar head
and nonpolar tails (Fig.1). The polar heads, being charged, are hydrophilic (water
loving) and face outward, toward the cytoplasm on one side and the tissue fluid on



the other side, where they will encounter a watery environment. The nonpolar tails
are hydrophobic (not attracted to water) and face inward toward each other, where
there is no water. When phospholipids are placed in water, they naturally form a
circular bilayer because of the chemical properties of the heads and the tails. At body
temperature, the phospholipid bilayer is a liquid; it has the consistency of olive oil,
and the proteins are able to change their position by moving laterally. The fluid-
mosaic model, a working description of membrane structure, says that the protein
molecules have a changing pattern (form a mosaic) within the fluid phospholipid
bilayer.

Cholesterol lends support to the membrane. Short chains of sugars are attached
to the outer surface of some proteinand lipid molecules (called glycoproteins and
glycolipids, respectively). It is believed that these carbohydrate chains, specific to
each cell, help mark it as belonging to a particular individual. They account for why
people have different blood types, for example. Other glycoproteins have a special
configuration that allows them to act as a receptor for a chemical messenger like
ahormone. Some plasma membrane proteins form channels through which certain
substances can enter cells; others are carriers involved in the passage of molecules
through the membrane.

Plasma Membrane Functions:

The plasma membrane keeps a cell intact. It allows only certain molecules and
ions to enter and exit the cytoplasm freely; therefore, the plasma membrane is said to
be selectively permeable. Small molecules that are lipid-soluble, such as oxygen and
carbon dioxide, can pass through the membrane easily. Certain other small
molecules, like water, are not lipid soluble, but they still freely cross the membrane.
Still other molecules and ions require the use of a carrier to enter a cell. The plasma
membrane, composed of phospholipid and protein molecules, is selectively
permeable and regulates the entrance and exit of molecules and ions into and out of
the cell

The Nucleus

The nucleus, which has a diameter of about 5 ['m, is a prominent structure in
the eukaryotic cell. The nucleus is of primary importance because it stores genetic
information that determines the characteristics of the body’s cells and their metabolic
functioning. Every cell contains a complex copy of genetic information, but each cell
type has certain genes, or segments of DNA, turned on, and others turned off.
Activated DNA, with RNA acting as an intermediary, specifies the sequence of
amino acids during protein synthesis. The proteins of a cell determine its structure
and the functions it can perform. When you look at the nucleus, even in an electron
micrograph, you cannot see DNA molecules but you can see chromatin.

Chromatin looks grainy, but actually it is a threadlike material that undergoes
coiling into rodlike structures called chromosomes just before the cell divides.
Chemical analysis shows that chromatin, and therefore chromosomes, contains DNA
and much protein, as well as some RNA. Chromatin is immersed in a semifluid
medium called the nucleoplasm. A difference in pH between the nucleoplasm and



the cytoplasm suggests that the nucleoplasm has different composition. Most likely,
too, when you look at an electron micrograph of a nucleus, you will see one or more
areas that look darker than the rest of the chromatin. These are nucleoli (sing.,
nucleolus) where another type of RNA, called ribosomal RNA (rRNA), is produced
and where rRNA joins with proteins to form the subunits of ribosomes. (Ribosomes
are small bodies in the cytoplasm that contain rRNA and proteins.) The nucleus is
separated from the cytoplasm by a double membrane known as the nuclear envelope.
The nuclear envelope has nuclear pores of sufficient size (100 nm) to permit the
passage of proteins into the nucleus and ribosomal subunits out of the nucleus. The
structural features of the nucleus include the following. Chromatin: DNA and
proteins Nucleolus: Chromatin and ribosomal subunits. Nuclear envelope: Double
membrane

Mitochondria

Most mitochondria (sing., mitochondrion) are between 0.5 pm and 1.0 pum in
diameter and about 7 pum in length, although the size and the shape can vary.
Mitochondria are bounded by a double membrane. The inner membrane is folded to
form little shelves called cristae, which project into the matrix, an inner space filled
with a gellike fluid. Lysosomes are produced by a Golgi apparatus, and their
hydrolytic enzymes digest macromolecules from various sources. Mitochondria are
the site of ATP (adenosine triphosphate) production involving complex metabolic
pathways. ATP molecules are the common carrier of energy in cells. A shorthand
way to indicate the chemical transformation that involves mitochondria is as follows:
Mitochondria are often called the powerhouses of the cell: just as a powerhouse burns
fuel to produce electricity, the mitochondria convert the chemical energy of glucose
products into the chemical energy of ATP molecules. In the process, mitochondria
use up oxygen and give off carbon dioxide and water.

The Golgi apparatus is named by Camillo Golgi, who discovered its presence
in cells in 1898. The Golgi apparatus consists of a stack of three to twenty slightly
curved saccules whose appearance can be compared to a stack of pancakes. In animal
cells, one side of the stack (the inner face) is directed toward the ER, and the other
side of the stack (the outer face) is directed toward the plasma membrane. Vesicles
can frequently be seen at the edges of the saccules.

The Golgi apparatus receives protein and/or lipid-filled vesicles that bud from
the ER. Some biologists believe that these fuse to form a saccule at the inner face and
that this saccule remains as a part of the Golgi apparatus until the molecules are
repackaged in new vesicles at the outer face. Others believe that the vesicles from the
ER proceed directly to the outer face of the Golgi apparatus, where processing and
packaging occur within its saccules. The Golgi apparatus contains enzymes that
modify proteins and lipids. For example, it can add a chain of sugars to proteins,
thereby making them glycoproteins and glycolipids, which are found in the plasma
membrane.

The vesicles that leave the Golgi apparatus move about the cell. Some vesicles
proceed to the plasma membrane, where they discharge their contents. Because this is



secretion, it is often said that the Golgi apparatus is involved in processing,
packaging, and secretion. Other vesicles that leave the Golgi apparatus are
lysosomes. The Golgi apparatus processes, packages, and distributes molecules about
or from the cell. It is also said to be involved in secretion.

The endoplasmic reticulum (ER), a complicated system of membranous
channels and saccules (flattened vesicles), is physically continuous with the outer
membrane of the nuclear envelope. Rough ER is studded with ribosomes on the side
of the membrane that faces the cytoplasm. Here proteins are synthesized and enter the
ER interior where processing and modification begin. Smooth ER, which is
continuous with rough ER, does not have attached ribosomes. Smooth ER synthesizes
the phospholipids that occur in membranes and has various other functions depending
on the particular cell. In the tests, it produces testosterone, and in the liver it helps
detoxify drugs. Regardless of any specialized function, smooth ER also forms
vesicles in which large molecules are transported to other parts of the cell. Often
these vesicles are on their way to the plasma membrane or the Golgi apparatus. ER is
involved in protein synthesis (rough ER) and various other processes such as lipid
synthesis (smooth ER). Molecules that are produced or modified in the ER are
eventually enclosed in vesicles that often transport them to the Golgi apparatus.

Ribosomes are composed of two subunits, one large and one small. Each
subunit has its own mix of proteins and rRNA. Protein synthesis occurs at the
ribosomes. Ribosomes are found free within the cytoplasm either singly or in groups
called polyribosomes. Ribosomes are often attached to the endoplasmic reticulum, a
membranous system of saccules and channels discussed in the next section. Proteins
synthesized by cytoplasmic ribosomes are used inside the cell for various purposes.
Those produced by ribosomes attached to endoplasmic reticulum may eventually be
secreted from the cell. Ribosomes are small organelles where protein synthesis
occurs. Ribosomes occur in the cytoplasm, both singly and in groups (i.e.,
polyribosomes). Numerous ribosomes are attached to the endoplasmic reticulum.

Centrioles

In animal cells, centrioles are short cylinders with microtubules. There are
nine outer microtubule triplets and no center microtubules. There is always one pair
of centrioles lying at right angles to one another near the nucleus. Before a cell
divides, the centrioles duplicate, and the members of the new pair are also at right
angles to one another. During cell division, the pairs of centrioles separate so that
each daughter cell gets one pair of centrioles. Centrioles are part of a microtubule
organizing center that also includes other proteins and substances. Microtubules
begin to assemble in the center, and then they grow outward, extending through the
entire cytoplasm. In addition, centrioles may be involved in other cellular processes
that use microtubules, such as movement of material throughout the cell or formation
of the spindle, a structure that distributes the chromosomes to daughter cells during
cell division. Their exact role in these processes is uncertain, however. Centrioles
also give rise to basal bodies that direct the formation of cilia and flagella.



The Cytoskeleton

Several types of filamentous protein structures form a cytoskeleton that helps
maintain the cell’s shape and either anchors the organelles or assists their movement
as appropriate. The cytoskeleton includes microtubules and actin filaments Actin
filaments are long, extremely thin fibers that usually occur in bundles or other
groupings. Actin filaments have been isolated from various types of cells, especially
those in which movement occurs. Microvilli, which project from certain cells and can
shorten and extend, contain actin filaments. Actin filaments, like microtubules, can
assemble and disassemble. The cytoskeleton contains microtubules and actin
filaments. Microtubules (13 rows of tubulin protein molecules arranged to form a
hollow cylinder) and actin filaments (thin actin strands) maintain the shape of the cell
and also direct the movement of cell parts.

Microtubules are shaped like thin cylinders and are several times larger than
actin filaments. Each cylinder contains 13 rows of tubulin, a globular protein,
arranged in a helical fashion. Remarkably, microtubules can assemble and
disassemble. In many cells, the regulation of microtubule assembly is under the
control of a microtubule organizing center (MTOC), which lies near the nucleus.
Microtubules radiate from the MTOC, helping to maintain the shape of the cell and
acting as tracks along which organelles move. It is well known that during cell
division, microtubules form spindle fibers, which assist the movement of
chromosomes. Most mitochondria (sing., mitochondrion) are between 0.5 pum and
1.0 um in diameter and about 7 pm in length, although the size and the shape can
vary. Mitochondria are bounded by a double membrane. The inner membrane is
folded to form little shelves called cristae, which project into the matrix, an inner
space filled with a gellike fluid and then mitochondria; the carbon dioxide you
breathe out is released by mitochondria. Because oxygen is involved, it is said that
mitochondria carry on cellular respiration. The matrix of a mitochondrion contains
enzymes for breaking down glucose products. ATP production then occurs at the
cristae. The protein complexes that aid in the conversion of energy are located in an
assembly-line fashion on these membranous shelves. Every cell uses a certain amount
of ATP energy to synthesize molecules, but many cells use ATP to carry out their
specialized function. For example, muscle cells use ATP for muscle contraction,
which produces movement, and nerve cells use it for the conduction of nerve
impulses, which make us aware of our environment. Mitochondria are involved in
cellular respiration, a process that provides ATP molecules to the cell.

Lysosomes, vesicles produced by the Golgi apparatus, contain hydrolytic
digestive enzymes. Sometimes macromolecules are brought into a cell by vesicle
formation at the plasma membrane. When a lysosome fuses with such a vesicle, its
contents are digested by lysosomal enzymes into simpler subunits that then enter the
cytoplasm. Even parts of a cell are digested by its own lysosomes (called
autodigestion). Normal cell rejuvenation most likely takes place in this manner, but
autodigestion is also important during development. For example, when a tadpole
becomes a frog, lysosomes digest away the cells of the tail. The fingers of a human
embryo are at first webbed, but they are freed from one another become so full of



these lysosomes that the child dies. Someday soon it may be possible to provide the
missing enzyme for these children.

Each eukaryotic species has a characteristic karyotypee (number and
morphology of chromosomes per cell). In most eukaryotic cells, there are two sets of
chromosomes. The presence of two sets is a consequence of sexual reproduction; one
set is inherited from the male parent and the other from the female parent. Each
chromosome in one set has a corresponding chromosome in the other set, together
constituting a homologous pair.

Human cells, for example, have 46 chromosomes, comprising 23 homologous
pairs. The two chromosomes of a homologous pair are usually alike in structure and
size, and each carries genetic information for the same set of hereditary
characteristics. Most cells carry two sets of genetic information; these cells are
diploid (2n). But not all eukaryotic cells are diploid: reproductive cells (such as eggs,
sperm, and spores) and even nonreproductive cells in some organisms may contain a
single set of chromosomes. Cells with a single set of chromosomes are haploid (n).
Haploid cells have only one copy of each gene. Content of DNA in diploid cell is 2c,
in haploid cell —c.

The stages of the cell division cycle (Fig. 2) are similar in most organisms. The
two basic parts of the cycle are interphase (comprising gap 1 (G,), synthesis (S), and
gap 2 (G,) and mitosis. An event essential for the propagation of genotype takes
place in the S phase (synthesis phase) because it is here that the actual replication of
the DNA of each chromosome occurs. As a result of DNA replication, each
chromosome becomes two side by side units called sister chromatids. The sister
chromatids stay attached through the action of specific adherence proteins.

Cell cycle

The cell cycle is the life story of a cell, the stages through which it passes from
one division to the next (Fig. 2). This process is critical to genetics because, through
the cell cycle, the genetic instructions for all characteristics are passed from parent to
daughter cells. A new cycle begins after a cell has divided and produced two new
cells. A new cell metabolizes, grows, and develops. At the end of its cycle, the cell
divides to produce two cells, which can then undergo additional cell cycles.

The cell cycle consists of two major phases. The first is interphase, the period
between cell divisions, in which the cell grows, develops, and prepares for cell
division. The second is M phase (mitotic phase), the period of active cell division. M
phase includes as a result of lysosomal action. Occasionally, a child is born with Tay-
Sachs disease, a metabolic disorder involving a missing or inactive lysosomal
enzyme. In these cases, the lysosomes fill to capacity with macromolecules that
cannot be broken down. The cells mitosis, the process of nuclear division, and
cytokinesis, or cytoplasmic division.

Interphase is the extended period of growth and development between cell
divisions. Although little activity can be observed with a light microscope, the cell is
quite busy: DNA is being synthesized, RNA and proteins are being produced, and
hundreds of biochemical reactions are taking place.



Name

Composition

Function

Plasma membrane

MNucleus

MNucleolus

Ribosome

Endoplasmic
reticulum (ER)

Rough ER

Smooth ER

Golgi apparatus

Vacuaole and
vesicle

Lysosome

Mitochondrion

Cytoskelston

Cilia and flagella

Centriale

Phospholipid bilayer
with embedded
proteins

Nuclear envelope

surrounding nucleoplasm,

chromatin, and nucleolus

Concentrated area
of chramatin, RNA,
and proteins

Protein and RNA in
two subunits

Membranous
saccules and canals

Studded with ribosomes

Having no rbosomes

Stack of membranous
saccules

Mambranous sacs

Mambranous vesicle
containing digestive
enzymes

Inner membrane [cristae)
within cuter membrane

Microtubules,
actin filaments

9 + 2 pattern of
microtubules

9 + @ pattern of
microtubules

Selective passage of maolecules
into and out of cell

Starage of genetic information

Ribosomal formation

Pratein synthesis

Synthesis and/or modification
of proteins and other
substances, and transpaort by
vesicle formation

Pratein synthesis

Various; lipid synthesis in some
cells

Pracessing, packaging, and
distributing molecules

Starage and transport of
substances

Intracellular digestion

Cellular respiration

Shape of cell and movement

of its parts

Movement of cell

Formation of basal bodies

1. Structure and functions of cell subunites

By convention, interphase is divided into three phases:

G1, S, and G2 (see Fig 2). Interphase begins with G1(for gap 1). In G1, the cell
grows, and proteins necessary for cell division are synthesized; this phase typically
lasts several hours. There is a critical point in the cell cycle, termed the G1/S
checkpoint, in G1; after this checkpoint has been passed, the cell is committed to



divide. Before reaching the G1/S checkpoint, cells may exit from the active cell cycle
In response to regulatory signals and pass into a nondividing phase called G0O), which
Is a stable state during which cells usually maintain a constant size. They can remain
in GO for an extended period of time, even indefinitely, or they can reenter G1 and
the active cell cycle.

Many cells never enter GO; rather, they cycle continuously. After G1, the cell
enters the S phase (for DNA synthesis), in which each chromosome duplicates.
Although the cell is committed to divide after the G1/S checkpoint has been passed,
DNA synthesis must take place before the cell can proceed to mitosis. If DNA
synthesis is blocked (with drugs or by a mutation), the cell will not be able to undergo
mitosis.

Before S phase, each chromosome is composed of one chromatid; following S
phase, each chromosome is composed of two chromatids.

cells

@ Daughter

Original —r ) —
" © ©

Stages of the cell cycle
M = mitosis
S = DNA synthesis
G =gap

FIGURE 2. Cell cycle

After the S phase, the cell enters G2 (gap 2). At this phase, several additional
biochemical events necessary for cell division take place. The important G2/M
checkpoint is reached in G2; after this checkpoint has been passed, the cell is ready to
divide and enters M phase. Although the length of interphase varies from cell type to
cell type, a typical dividing mammalian cell spends about 10 hours in G1, 9 hours in
S, and 4 hours in G2 (Fig. 3).

Throughout interphase, the chromosomes are in a relatively relaxed, but by no
means uncoiled, state, and individual chromosomes cannot be seen with the use of a
microscope.

This condition changes dramatically when interphase draws to a close and the
cell enters M phase.
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FIGURE 3. Cell cycle. Genetic consequences of the cell cycle

From a single cell, the cell cycle produces two cells that contain the same
genetic instructions. These two cells are identical with each other and with the cell
that gave rise to them. They are identical because DNA synthesis in S phase creates
an exact copy of each DNA molecule, giving rise to two genetically identical sister
chromatids. Mitosis then ensures that one chromatid from each replicated
chromosome passes into each new cell.

Another genetically important result of the cell cycle is that each of the cells
produced contains a full complement of chromosomes there is no net reduction or
increasing in chromosome number. Each cell also contains approximately half the
cytoplasm and organelle content of the original parental cell, but no precise
mechanism analogous to mitosis ensures that organelles are evenly divided.
Consequently, not all cells resulting from the cell cycle are identical in their
cytoplasmic content.

Control of the cell cycle

For many years, the biochemical events that controlled the progression of cells
through the cell cycle were completely unknown, but research has now revealed
many of the details of this process. Progression of the cell cycle is regulated at
several checkpoints, which ensure that all cellular components are present and in
good working order before the cell proceeds to the next stage. The checkpoints are
necessary to prevent cells with damaged or missing chromosomes from proliferating.
One important checkpoint mentioned earlier, the G1/S checkpoint, comes just before
the cell enters into S phase and replicates its DNA. When this point has been passed,
DNA replicates and the cell is committed to divide. A second critical checkpoint,
called the G2/M checkpoint, is at the end of G2, before the cell enters mitosis.

Both the G1/S and the G2/M checkpoints are regulated by a mechanism in which
two proteins interact. The concentration of the first protein, cyclin, oscillates during



the cell cycle (Fig. 3). The second protein, cyclindependent kinase (CDK), cannot
function unless it is bound to cyclin. Cyclins and CDKs are called by different names
in different organisms, but here we will use the terms applied to these molecules in
yeast.

Let’s begin by looking at the G2/M checkpoint. This checkpoint is regulated by
cyclin B, which combines with CDK to form M-phase promoting factor (MPF). After
MPF is formed, it must be activated by the addition of a phosphate group to one of
the amino acids of CDK.

Whereas the amount of cyclin B changes throughout the cell cycle, the amount
of CDK remains constant. During G1, cyclin B levels are low; so the amount of MPF
also is low. As more cyclin B is produced, it combines with CDK to form increasing
amounts of MPF. Near the end of G2, the amount of active MPF reaches a critical
level, which commits the cell to divide. The MPF concentration continues to increase,
reaching a peak in mitosis. The active form of MPF is a protein kinase, an enzyme
that adds phosphate groups to certain other proteins. Active MPF brings about many
of the events associated with mitosis, such as nuclear-membrane breakdown, spindle
formation, and chromosome condensation.

At the end of metaphase, cyclin is abruptly degraded, which lowers the amount
of MPF and, initiating anaphase, sets in motion a chain of events that ultimately
brings mitosis to a close (see Figure). Ironically, active MPF brings about its own
demise by destroying cyclin. In brief, high levels of active MPF stimulate mitosis,
and low levels of MPF bring a return to interphase conditions. A number of factors
stimulate the synthesis of cyclin B and the activation of MPF, whereas other factors
inhibit MPF.

Together these factors determine whether the cell passes through the G2/M
checkpoint and ensure that mitosis is not initiated until conditions are appropriate for
cell division. For example, DNA damage inhibits the activation of MPF; the cell is
arrested in G2 and does not undergo division.

The G1/S checkpoint is regulated in a similar manner. In fission yeast
(Shizosaccharomyces pombe), the same CDK is used, but it combines with G1
cyclins. Again, the level of CDK remains relatively constant, whereas the level of G1
cyclins increases throughout G1. When the activated CDK-G1-cyclin complex
reaches a critical concentration, proteins necessary for replication are activated and
the cell enters S phase.

In phase GO are high differentiate cells — neuron kardiomiozites. Cells of a bone
brain, mucous of a gastrointestinal path on the contrary almost continuously share
and seldom enter into phase GO. Cells of many fabrics of an organism can turn in a
cycle of division, but is usual in a fabric the small amount of cells (except for
damages or tumoral new growths) shares.
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10.

11.

Control questions to laboratory work Nel

What is karyotypee?

How many copies of chromosomes cell does diploid number contain?
How many copies of chromosomes cell does haploid number contain?
What substance composes DNA in a haploid cell?

What substance composes DNA in a diploid cell?

What is organelle?

Describe features of a cell structure and functions of a kernel.

Give the description of mitochondrion functions.

Where are they located and what function do ribosomes carry out?
What is endoplasmic reticulum? Where is it located?

Where are lisosoms locating? Describe their functions.

To what more the common structure device Goldzhi posesses? Describe its
functions.

What is cytoskeleton? Describe its structure and function.

What is cytosol? What is it belong to?

Describe interphase of cells. In which periods does it divide and what occurs then?
How long does mitosis cycle last?

What is G, phase?

What processes occurs in S phase?

What is characteristic for G, phase?

What phase can pass in a terminal differentiation period?

What is the amitotic division? When is it observed?

Reference List:

Anana @., Kaurep [Ix. CoBpemennas reseruka: B 3 1. T. 1. M.: Mup, 1987. C.
64-88.

I'epmikoBuu U. I'enetnka. M.: Hayka, 1968. C. 125-161.

Kyuenko A. A., Koposb A. b. PekoMOUHa1MsI B 3BOJIIOLMH U CENEKIMH. M.
Hayxka, 1985. 400 c.

Hure-BeutomoB C. I'. I'eneTuka ¢ ocHoBaMu ceniekimu. M.: Beicmr. mk., 1989.
C. 85-111.

Kymies B. B. Mexanu3mbl reHetnueckor pekomounanuu. J1.: Hayka, 1971. 97 c.
Jlo6ameB M. E. I'enernka. JI.: 3n-Bo Jlenunrpan, 1967. C. 116-283.

Cunnort 3., Jlenn JI. Kypc renernku: Teopus u 3agaun. M.; JI.: ['oc. u3a-so
ouoi. men. aut., 1934. C. 148-182.

Yanos b. ®@., by3sikanosa I'. H. Mexanusm xpoMocomHoit unrepdepeHiuu //
Hoxa. AH. 1996. T. 348. C. 407-409.

Allen G. E. Thomas Hunt Morgan. The man and his science. Princeton:
Princeton University Press, 1978. P. 70-71, 164-173.

Ashburner M. Drosophila. A laboratory handbook. Cold Spring Harbor: Cold
Spring Harbor Laboratory Press, 1989. P. 54-471.

Stern C. Zytologisch-genetische Untersuchungen als Beweise fur die
Morganische Theorie des Fak-torenaustauschs // Biol. Zentralbl. 1931. T. 51.



Laboratory work Ne 2

Subject: Mitosis and meyosis.

The purpose. To get acquainted with the basic laws of cell division and
behavior of chromosomes at mitosis and meyosis. To characterize differences and
biological value of mitosis and meyosis.

The equipment: tables of mitosis and meyosis, monocular microscopes,
cytogenetic preparations of different animals.

Course of work:

To get acquainted with the basic phases mitotic and meiotic divisions.
To sketch the scheme of mitosis and meiosis.

To define differences between mitosis and meiosis their biological value.
To consider stages of oogenesis and spermatogenesis

To draw conclusions.

W R

Explanation to performance of work:
Mitosis is the universal, widely spread indirect device of a cell.

Mitosis — (M-phase) is the part of the cell cycle in which the copies of the cell’s
chromosomes (sister chromatids) are separated and the cell undergoes division. A
critical process in M phase is the separation of sister chromatids to provide a
complete set of genetic information for each of the resulting cells.

Biologists usually divide M phase into six stages: the five stages of mitosis
(prophase, prometaphase, metaphase, anaphase, and telophase) and cytokinesis (Fig.
4,5). It’s important to keep in mind that M phase is a continuous process, and its
separation into these six stages somewhat artificial.

During interphase, the chromosomes are relaxed and are visible only as diffuse
chromatin, but they condense during prophase, becoming visible under a light
microscope.
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FIGURE 4. Scheme of mitosis



Each chromosome possesses two chromatids because the chromosome was
duplicated in the preceding S phase. The mitotic spindle, an organized array of
microtubules that move the chromosomes in mitosis, forms. In animal cells, the
spindle grows out from a pair of centrosomes that migrate to opposite sides of the
cell. Within each centrosome is a special organelle, the centriole, which is also
composed of microtubules.

Disintegration of the nuclear membrane marks the start of prometaphase.
Spindle microtubules, which until now have been outside the nucleus, enter the
nuclear region. The ends of certain microtubules make contact with the chromosome
and anchor to the kinetochore of one of the sister chromatids; a microtubule from the
opposite centrosome then attaches to the other sister chromatid, and so each
chromosome is anchored to both of the centrosomes. The microtubules lengthen and
shorten, pushing and pulling the chromosomes about. Some microtubules extend
from each centrosome toward the center of the spindle but do not attach to a
chromosome.

During metaphase, the chromosomes arrange themselves in a single plane, the
metaphase plate, between the two centrosomes.

The centrosomes, now at opposite ends of the cell with microtubules radiating
outward and meeting in the middle of the cell, center at the spindle pole. Anaphase
begins when the sister chromatids separate and move toward opposite spindle poles.
After the chromatids have separated, each is considered a separate chromosome.
Telophase is marked by the arrival of the chromosomes at the spindle poles. The
nuclear membrane re-forms around each set of chromosomes, producing two separate
nuclei within the cell. The chromosomes relax and lengthen, once again disappearing
from view.

1. Conclucion by the major events during mitosis

Stage Major Features
Gg phase Stable, nondividing period of variable length
Interphase
G, phase Growth and development of the cell; G,/5 checkpoint
S phase Synthesis of DNA
G; phase Preparation for division; G;/5S checkpoint
M phase
Prophase Chromosomes condense and mitotic spindle forms
Prometaphase Muclear envelope disintegrates, spindle microtubules anchor to
kinetochores
Metaphase Chromosomes align on the metaphase plate
Anaphase Sister chromatids separate, becoming individual chromosomes that

migrate toward spindle poles

Telophase Chromosomes arrive at spindle poles, the nuclear envelope re-forms,
and the condensed chremosomes relax

Cytokinesis Cytoplasm divides; cell wall forms in plant cells
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FIGURE 5. Scheme of mitosis

Biological aim of mitosis is supplying identical genetic information of two
daughter cells.

Meiosis

Meiosis is the general name given to two successive nuclear divisions called
meiosis | and meiosis Il. Meiosis takes place in special diploid cells called meiocytes.
Because of the two successive divisions, each meiocyte cell gives rise to four cells, 1
cell: 2 cells : 4 cells. The four cells are called products of meiosis. In animals and
plants, the products of meiosis become the haploid gametes. In humans and other
animals, meiosis takes place in the gonads, and the products of meiosis are the
gametes — sperm (more properly, spermatozoa) and eggs (ova). Before meiosis, an S
phase duplicates each chromosome’s DNA to form sister chromatids, just as in
mitosis.
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FIGURE 6. Scheme of meiosis

The words mitosis and meiosis are sometimes confused. They sound a bit
alike, and both include chromosome division and cytokinesis. Don’t let this deceive
you. The outcomes of mitosis and meiosis are radically different, and several unique
events that have important genetic consequences take place only in meiosis.

How is meiosis different from mitosis? Mitosis consists of a single nuclear
division and is usually accompanied by a single cell division. Meiosis, on the other
hand, consists of two divisions. After mitosis, chromosome number in newly formed
cells is the same as that in the original cell, whereas meiosis causes chromosome
number in the newly formed cells to be reduced by half. Finally, mitosis produces
genetically identical cells, whereas meiosis produces genetically variable cells.

Like mitosis, meiosis is preceded by an interphase stage that includes G, S,
and G, phases. Meiosis consists of two distinct phases: meiosis | and meiosis Il, each
of which includes a cell division. The first division is termed the reduction division
because the number of chromosomes per cell is reduced by half (Fig. 6). The second
division is sometimes termed the equational division because the events in this phase
are similar to those of mitosis.



However, meiosis Il differs from mitosis in that chromosome number has
already been halved in meiosis I, and the cell does not begin with the same number of
chromosomes as it does in mitosis.

During interphase, the chromosomes are relaxed and visible as diffuse
chromatin. Prophase | is a lengthy stage, divided into five substages (Fig. 7). In
leptotene, the chromosomes contract and become visible. In zygotene, the
chromosomes continue to condense; homologous chromosomesbegin to pair up and
begin synapsis, a very close pairing association. Each h omologous pair of synapsed
chromosomes consists of four chromatids called a bivalent or tetrad. In pachytene,
the chromosomes become shorter and thicker, and a three-part synaptonemal complex
develops between homologous chromosomes. Crossingover takes place, in which
homologous chromosomes exchange genetic information. The centromeres of the
paired chromosomes move apart during diplotene; the two homologs remain attached
at each chiasma (plural, chiasmata), which is the result of crossing over. In diakinesis,
chromosome condensation continues, and the chiasmata move toward the ends of the
chromosomes as the strands slip apart; so the homologs remained paired only at the
tips. Near the end of prophase I, the nuclear membrane breaks down and the spindle
forms.

Metaphase | is initiated when homologous pairs of chromosomes align along
the metaphase plate. A microtubule from one pole attaches to one chromosome of a
homologous pair, and a microtubule from the other pole attaches to the other member
of the pair.

Anaphase | is marked by the separation of homologous chromosomes. The
two chromosomes of a homologous pair are pulled toward opposite poles. Although
the homol homologous chromosomes separate, the sister chromatids remain attached
and travel together.

In telophase I, the chromosomes arrive at the spindle poles and the cytoplasm
divides.

The period between meiosis | and meiosis Il is interkinesis, in which the
nuclear membrane re-forms around the chromosomes clustered at each pole, the
spindle breaks down, and the chromosomes relax. These cells then pass through
Prophase 11, in which these events are reversed: the chromosomes recondense, the
spindle re-forms, and the nuclear envelope once again breaks down. In interkinesis in
some types of cells, the chromosomes remain condensed, and the spindle does not
break down. These cells move directly from cytokinesis into metaphase 11, which is
similar to metaphase of mitosis: the individual chromosomes line up on the
metaphase plate, with the sister chromatids facing opposite poles.

In anaphase 11, the kinetochores of the sister chromatids separate and the
chromatids are pulled to opposite poles. Each chromatid is now a distinct
chromosome. In telophase 11, the chromosomes arrive at the spindle poles, a nuclear
envelope re-forms around the chromosomes, and the cytoplasm divides. The
chromosomes relax and are no longer visible. The major events of meiosis are
summarized.
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FIGURE 7. Four cells with different genes combination after meiosis




{a)

B This cell has thres

homalegous pairs

of chromosames.

E’ ...and thél ctheris |
L paternal (Ip. Ilp, IIIPJ.

E COne af esch pair is |
matermal in origin

TR T

|m/y e

| replication

|||:;L /“p

ﬂThare are four possible '_

to align in metaphase 1.

‘%m

ways for the three pairs

[ ﬁnm

W 111

i

Gametes
e

] P TPTT
I NN
I L U 10,
| T
I L 1 My

| 1 Mg Ml

| Ly 1, 111,

I lp M 11l

-,

| | s U g
| 1 11, 1,
| Ly My 1,
| 1, 11, 1,
| TN

| 1 N Ml

mp

| | | lol il

in the gamsates are possible, depending on how the

| Conelusion: Eight different combinations of chromosomes
chromosomes align and separate in meiosis | and 11,

FIGURE 8. Variability of gametes after meiosis

Prophase and Telophase and
L 5 Gy prometaphase Metaphase Anaphase rokinasis
. —_—
lw i *'i’)l’—'f\ ”C"HQ l;/fa_;“\ | T
m =
S
Mumber of
chromosomes 4 4 4 4 4 8 4
per cell
B8
Mumber / \
of DNA 4
maolecules
per cell
]

FIGURE 9. Number of chromosomes and DNA molecules per cell during
different of cell cycle periods



2. The major events of meiosis

Stage
Meiosis |
Prophase |

Mataphase |

Anaphase |

Telophase |
Cytokinasis

Interkinesis

Meiosis Il
Prophasa 11*

Metaphase Il
Anaphase Il

Telophase Il

Cytokinesis

s T

Major Events

Chromosomes condense, homologous pairs of chromosomas synapse,
crossing over takes place, nuclear envelope breaks down, and mitotic
spindle forms

Homalogous pairs of chromosomes line up on the metaphase plate

The two chromosomes {(each with two chromatids) of each homologous
pair separate and move toward opposite poles

Chromosomes arrive at the spindle polas

The cytoplasm divides to produce two calls, each having half tha
ariginal number of chromosomes

In some cells the spindle breaks down, chromosomes rélax, and a
nuclear envelope re-forms, but no DMA synthesis takes place

Chromosomes condense, the spindle forms, and tha nuclear

envelope disintegrates

Individual chromosomes line up on the metaphase plate

Sister chromatids separate and migrate as individual chromosomes
toward the spindle poles

Chromosomes arrive at the spindle poles; the spindle breaks down and
a nuclear envelope re-forms

The cytoplasm divides
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FIGURE 10. Comparison of meiosis and mitosis characteristics
Meiosis includes two cell divisions. In this figure, the original cell is 2n_4.
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FIGURE 11 Comparison of meiosis and mitosis characteristics

Biological value of meyosis consists in a reduction of the chromosomes
number, necessary for reception of gametes and maintenance of a karyotype
constancy, genetic recombination, caused crossing-over and recombination of
chromosomes which maintain biological variety at a level of a kind and receptions of
new genetic combinations at descendants enable.

Gametogenesis

The production of gametes in a male animal (spermatogenesis) takes place in
the testes. There, diploid primordial germ cells divide mitotically to produce diploid
cells called spermatogonia (Fig. 12). Each spermatogonium can undergo repeated
rounds of mitosis, giving rise to numerous additional spermatogonia.

Alternatively, a spermatogonium can initiate meiosis and enter into prophase I.
Now called a primary spermatocyte, the cell is still diploid because the homologous
chromosomes have not yet separated. Each primary spermatocyte completes meiosis
I, giving rise to two haploid secondary spermatocytes that then undergo meiosis I,
with each producing two haploid spermatids. Thus, each primary spermatocyte
produces a total of four haploid spermatids, which mature and develop into sperm.

The production of gametes in the female (oogenesis) begins much like
spermatogenesis. Diploid primordial germ cells within the ovary divide mitotically to
produce oogonia ( FIGURE 12). Like spermatogonia, oogonia can undergo repeated
rounds of mitosis or they can enter into meiosis.

Once in prophase I, these still-diploid cells are called primary oocytes. Each
primary oocyte completes meiosis | and divides. Here the process of oogenesis begins
to differ from that of spermatogenesis. In oogenesis, cytokinesis is unequal: most of
the cytoplasm is allocated to one of the two haploid cells, the secondary oocyte. The



smaller cell, which contains half of the chromosomes but only a small part of the
cytoplasm, is called the first polar body; it may or may not divide further. The
secondary oocyte completes meiosis Il, and again cytokinesis is unequal—most of
the cytoplasm passes into one of the cells. The larger cell, which acquires most of the
cytoplasm, is the ovum, the mature female gamete. The smaller cell is the second
polar body. Only the ovum is capable of being fertilized, and the polar bodies usually
disintegrate. Oogenesis, then, produces a single mature gamete from each primary
oocyte.

We have now examined the place of meiosis in the sexual cycle of two
organisms, a flowering plant and a typical multicellular animal. These cycles are just
two of the many variations found among eukaryotic organisms. Although the cellular
events that produce reproductive cells in plants and animals differ in the number of
cell divisions, the number of haploid gametes produced, and the relative size of the
final products, the overall result is the same: meiosis gives rise to haploid, genetically
variable cells that then fuse during fertilization to produce diploid progeny.

(a) Male gametogenesis (spermatogenesis) (b) Female gametogenesis (oogenesis)
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FIGURE 12. The scheme of gametogenesis

Control questions to laboratory work Ne 2

At which phases of mitosis does cell divide?

What occurs in a prophase of mitosis?

What are the differences with mitosis prophase from a prophase of meyosis?
Which processes are characteristic for a metaphase of mitosis?

What is metaphase plate?

el NS



26.

27,

28.

29.

30.
31.
32,
33.
34,
35.

36.
37.
38.
39.
40.
41.
42.

When does anaphase occur?

What transformations in a cell happen in telofaze?

What kind of mitosis does polytene lead to?

Which stages does mitosis consist of?

What is meyosis?

Which stages does meyosis consist of? Give a short characteristic to each of
them?

. What meyosis phases does prophase consist of?

When does leptotene begin and finish?

. What are chromomeres? When are they visible?

. What is sinaptical bouquet? What is it made from?

. What is tetrada?

. What processes occur during pachytene?

. What occurs during zygotene?

. When do chromosomes have a kind of lamp brushes?

. What are chiasms and when are they generated?

. What is crossing-over? When does it occur?

. When and in what cells are synthesis of RNA and fibers active during meyosis?
. Characterize the processes which occur during diakinesis.

. What occur during a metaphase of the 1 meyosis? How are bivalents located?

What is the difference between metaphase of the 1 meyosis and a metaphase of
the 2 meyosis and mitosis?

. What processes are characterize anaphase of the 1 meyosis? Describe it differs

from a similar phase of meyosis 2 and mitosis.

Characterize the telophase of the 1 meyosis. How many chromosomes and what
contents of DNA characterize a cell at this stage?
Which contents of DNA and quantity of chromosomes are in telophase of the 1
meyosis, and telophase of the 2 meyosis, a metaphase?

How does the second devision of meyosis is refer to? What is it characteristic
for?

What biological value of meyosis consists of? Is it differing from value of
mitosis?

What is gametogenesis?

When does a primary sexual cell of animals start to develop?
At what stages does spermatogenesis happen?

During which period of growth in spermatogenesis occur?

What transformation will test spermanogonies?

What division is share spermatocytes of thelst order? How many and what cells
are formed as a result of this division?

What is oogenesis?

Into which periods development of ovocytes happens?

Characterize the period of sinoptemal ways in oogenesis.

What does happen during protoplazmanic and trofoplazmatic growth ?
Characterize the period of female sexual cells maturing.

How long does period of ovocytes growth last?

When does meyosis come to the end in female sexual cells (before or after
fertilization)?



43. At what stage of maturing oocyte meyosis deploys ?
44. At what stage ovulation of oocyte happens?

45. How many and what cells does one oocyte form?

46. How many and what cells does a spermatocyte form?

Reference List:
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Laboratory work Ne 3

Subject: The structure of chromosomes. Karyotypes of domestic animals.

The purpose. To determine morphology of chromosomes and karyotypes of
domestic animals on cytogenetic preparations and photos.

The equipment: monocular microscopes, cytogenetic preparations of different
kinds of animals, photos of chromosomes, tables of a chromosomes structure and
karyotypes of domestic animals.

Course of work:
1. To get acquainted with a structure of chromosome.
2. To consider metaphase plate on cytogenetic preparations.
3. To draw chromosomes with different morphology.
4. To construct on the basis of photos metaphase chromosomes karyogram.

5. To draw a conclusion of concerning quantity of chromosomes, their morphology
and quantity of shoulders.

Each biological species is characterized by the certain karyotype (number and
morphology of chromosomes). Karyotypes of the species is conservative (Table 4).
Overwhelming majority of individuals’ species have an identical set of chromosomes.
There are species which have chromosomal polymorphism. Change of quantity and
morphology of chromosomes - one of mechanisms of speciation. Individuals who



have different karyotypes can not give prolific descendants. It is caused by
infringements at chromosomes conjugation in a prophase of meyosis and wrong
distribution of affiliated chromosomes in anaphase. Exceptions make ginogenetic
forms which consist only from fameles.

Table 4. Karyotypes of different domestic animal species

Kind of animals Number of chromosomes
Livestock 60
Horse 64
Pig 38
Sheep 54
Han 78
Mink 30
Rabbit 44
Cat 38
Dog 78
Monkey 48
Pigeon 80
Donkey 66
Drosophila 8

Chromosome structure: The chromosomes of eukaryotic cells are larger and
more complex than those found in prokaryotes, but each unreplicated chromosome
nevertheless consists of a single molecule of DNA. Although linear, the DNA
molecules in eukaryotic chromosomes are highly folded and condensed; if stretched
out, some human chromosomes would be several centimeters long—thousands of
times longer than the span of a typical nucleus. To package such a tremendous length
of DNA into this small volume, each DNA molecule is coiled again and again and
tightly packed around histone proteins, forming the rod-shaped chromosomes. Most
of the time the chromosomes are thin and difficult to observe but, before cell
division, they condense further into thick, readily observed structures; it is at this
stage that chromosomes are usually studied.

A functional chromosome has three essential elements: a centromere, a pair of
telomeres, and origins of replication (FIGURE 13).

The centromere is the attachment point for spindle microtubules, which are the
filaments responsible for moving chromosomes during cell division. The centromere
appears as a constricted region that often stains less strongly than does the rest of the
chromosome. Before cell division, a protein complex called the kinetochore
assembles on the centromere, to which spindle microtubules later attach.



Chromosomes without a centromere cannot be drawn into the newly formed nuclei;
these chromosomes are lost, often with catastrophic consequences to the cell. On the
basis of the location of the centromere, chromosomes are classified into four types:
metacentric, submetacentric, acrocentric, and telocentric (Fig. 14). One of the two
arms of a chromosome (the short arm of a submetacentric or acrocentric
chromosome) is designated by the letter p and the other arm is designated by g.
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FIGURE 13. Chromosome structure

Telomeres are the natural ends, the tips, of a linear chromosome (Fig. 13); they
serve to stabilize the chromosome ends. If a chromosome breaks, producing new
ends, these ends have a tendency to stick together, and the chromosome is degraded
at the newly broken ends.

Telomeres provide chromosome stability. The results of research suggest that
telomeres also participate in limiting cell division and may play important roles in
aging and cancer.
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Origins of replication are the sites where DNA synthesis begins; they are not
easily observed by microscopy. In preparation for cell division, each chromosome
replicates, making a copy of itself. These two initially identical copies, called sister
chromatids, are held together at the centromere. Each sister chromatid consists of a
single molecule of DNA

The morphology of a chromosome is determined by such attributes:

for definition of a chromosome morphology establish a humeral index of a
parity of greater shoulder to smaller length: I = p/q. It enables to divide chromosomes
into groups:

metacentrical chromosomes (M) - a parity of lengths of shouldersis 1 1,9;
submetacentrical chromosomes (S) —is 2 4,9;
akrocentrical(A)>is 5 —centromeres is located near one of telomeres.

Some chromosomes have additional membrane which is named secondary. If
the secondary membrane is located close up to the end of a chromosome a site which
it separates, has name satellite.

The description of kind karyotype is consists of definition of chromosomes
guantity, their morphology, subtraction of shoulders number. Chromosomes are
studied and photographed by an optical microscope. The received images of
chromosomes have number depending on their length from greater up to the least.

The organization of a chromosome has 5 levels of condensation.

The 1 level —is nucleosome. With chromosomal strings of DNA connect
nucleosomas, parts of 10 nanometers in diameter. Nucleosome is formed as a result
of four classes of the basic fibers -histons interaction: H2A. H2B, H3 and H4.
Nucleosome consists of 8 molecules histones (on 2 molecules of each kind).

Site of a double spiral of DNA forms 1 3/4 turns around of a core nucleosomes.
This site is directly connected with a core and has the constant length equal 140. In
nuclosomes linkers (connections) vary by length from 15 up to 100 and even it is
more. Thus, the twisting of DNA around nucleosoma reduces its length in 7 times.
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FIGURE 16. The first level is nucleosoma
1-DNA,;
2 - linker;
3 - nucleosoma.

2 level - the solenoid, its diameter of 25-50 nanometers, formed owing to histones
H1. This histone (H1) attached to linkers ends stabilizes communication nucleosoma,
that forms a spiral of higher order. Condensation of DNA in structure of the solenoid
reduces its length in 6 times.
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FIGURE 17. Some nucleosomas are united into the solenoid

The solenoid packed in the form of loops domens that are fixed by the internal
structure on an intranuclear albuminous skeleton. Fragments of an attachment have
received the name of SAR-of Fragments (Scaffold Associated Region the built in
places of an attachment) and MAR (Matrix Associated Region). Owing to loops
domens the length of DNA decreases 25 times.



FIGURE 19. The fourth are the sockets, generated by loops around matrix of a

FIGURE 18. The third level are loops

kernel (diameter of the socket - 2 thousand in nanometer)

Table 5. The structural organization of the eukaryotes chromosome

Structure unite Degree of shortening Diameter, nm
Comparatively with Comparatively
previous stage with DNA structure
DNA 1 1 1-2
Nucleosome 7 7 10
Solenoid 6 42 20-30
Loop 10-20 500 50
Socket 5 2500 2000
Metaphase 4 10000 200-5000,
chromosome length 2300-11000

Tasks:

Each student according to its number in magazine determines data about
diploid number of kind of domestic animals chromosomes. On the basis of these data
the student answers following questions:



How many chromosomes do characterize a karyotypee of kind?

How many chromosomes does the ovocyte of the 1st order contain?

How many ovocytes of the 2nd order are generated from ovocyte of thelst order?

How many chromosomes does ovocytes of the 2 order contain?

How many ovules does ovocytes of the 2nd order generate?

At what phase of meyosis do content of DNA in a cell in 2 times increase?

At what phase of meyosis does the quantity of chromosomes in a cell increase in 2 times?

When a distribution of chromosomes on poles of a cell occurs?

How many chromosomes does spermatocyte of the 1 order contain?

10 How many chromosomes does spermatocyte of the 2 order contain?

11.How many chromosomes does spermatozoon contain?

12.How many spermatozoones can spermatocyte of thel order produce?

13.How many spermatozoones can spermatocyte of the 2 order produce?

14.How many chromosomes does the zygote contain?

15.At what phase the is beginning of chromosomes helix formation observed?

16.How many chromosomes does cell in anaphase of 1st meyosis and anaphase of 1st
mitosis contain?

17.At what phase of mitosis is the chromosome doubling?

18.At what stage of meiosis does synapsis of chromosomes take place?

19.At which phase of meiosis is the divergence monochromatic chromosome to poles

observed?
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English-Ukrainian Dictionary of Key Words:

acrocentric chromosome — axkpoleHTpHYHa XpOMOCOMa. XPOMOCOMA, LIEHTPO-
MIpHUI 1HJAEKC KOTpoi mepeBuinye 5,0; pi3HOBHA - TENOLIEHTPHUYHA XPOMOCOMA
<telocentric chromosome>.

autosome, euchromosome - aBTocoma, eBXxpomocoma. bynp-sika xpomocoma, sika
HE € CTaTEeBOIO.

anaphase - anadasza. Cramis KITHHHOTO TOAUTY (MITO3y YH MEHO3y) Mix
Mmetadazoro <metaphase> Tta Temodazor <telophase>, cecTpuHCBHKI XpomaTuiau
PO3XOATHCS IO TIOTIOCIB MOILTY.

aneuploidy - aseymnoimis. HasBHiCTh y KIITHHH 4YM TKaHUHU KUTBKOCTI
XpPOMOCOM, $iIKa HE JIOPIBHIOE THUIIOBIM 1Ji1 JAHOTO BHAY; B OCHOBI A. JI€XKHUTb
HEPO3XOKEHHsI XpomocoM; (popmamu A. € MoHOcOMIg <MONOSOMY>, HyJicOMis
<nullisomy>, Ttpucomist <trisomy>, "kpaiHiM" BapiaHTOM A. € TOJIIUIOINis
<polyploidy>; Tepmin "A." BBeaeHo I'.Tekxompmom B 1922.

cell cycle - xmituaHUA 1wkn. [lepiof >KUTTS KIITHHH BiJ 3aKiHYCHHS OJHOTO
HOJIUTY JI0 TIOYaTKy JPYroro mojiiy, BKiarodae intepdasy (nepiomu G1 <G1-period>,
S <S period>, G2 <G2-period>) i mito3 <mitosis> (mepiog M), iHOJI BHILISAIOTH B
iHTepdasi nepiog GO (mepioll CIOKOK0); K.W. 332 TPUBAIICTIO Yy PI3HUX OPraHi3MIB
3HA4YHO Bapiloe.

cell division - xmitnaHMIA moaut. dopmMa pPO3MHOKEHHS (IIOJBOEHHS) KIITHH;
BiZIOYBa€THCS TIEPEIIHYPYBaHHAM y OakTepiit a00 MiTo3y <mitosis>.

cell membrane, plasmalemma, cytolemma - knitunna (mIasmaruyHa) MeMOpa-
Ha, IUIa3MosieMma. MemOpaHa KIITHHM, SIKa BIJIOKPEMIIIOE LUTOIUIa3My BIiJ
30BHINIHBOTO  cepenoBuiia (y pociuH) Bix kimitmHHOI crinku <cell wall>; K.m.
XapaKTEepU3y€EThCsl HAMIBIPOHUKHICTIO, TOBIIMHA 7-10 HM, SIK B 1HIIUX O10JOTTYHUX
MeMmOpaH, ocHoBy K.M. ckiianae nmoasiitHuit hocdominigHuii map.

centriole - nentpions. KiniTuHHA opraHena, BXOAWTD JI0 CKJIAAy KIITHH OLIBIIOCTI
TBapuH Ta TpubiB; B Oarathox Bumaakax Il. € elreMEeHTOM MITOTUYHOIO amapary
<mitotic apparatus> (€ UWJIIHIPUYHUM YTBOPCHHSM, CKJIAJA€TbCA 3 JCB’ATH
TPUILIETIB MIKpOTpPYOOUOK); mpouec BiarBopeHHs II. € aBTOHOMHHMM, Xoua W
NOB'SI3aHUM Y Yacl 3 CHHTETUYHUM NEPI0JIOM MITO3Y.

centromere - uentpomepa. JlUISHKAa MOHOUEHTPUYHOI XPOMOCOMHM, B SKIH
CECTPUHCKI XPOMATHUIIM 3’€[lHaHI, AKl 3a0€3Me4yl0Th PyX XpPOMOCOM JI0 MOJIIOCIB
NOJUTy; YacTO NPUIIEHTPOMIPHI pailoOHM T€HETUYHO 1HEPTHI (FeTEpOXpOMaTHU30BaHi);
4acTo B SIKOCTI cuUHOHIMA TOHATTS “LI.” BUKOPUCTOBYIOTH TEPMIH ‘‘KIHETOXOD”
<kinetochore>, aje i eaeMeHTH CTPYKTYpHO audepeHIiioBaHi.

centromere separation sequence - MOpSAAOK PO3MOALTYy IieHTpomep. I[loci-
JIOBHICTh Pa3MOAUTY IIEHTPOMEpP XpOMOCOM Ha IMOoYaTKy aHadaszu MiTO3y 4d MeHo3y:
4acTO Ma€ HEBUMAJKOBUM XapaKTep — HaNpUKIAA Yy JIOJUHU OJHUMHU 3 TMEPIIUX
PO3IUISAIOTECA IleHTpoMepu xpomocoM 18, 2, X, 12, 4, 5 u 17, a ocTtaHHIMHU -



ueHtpomepu xpomocom 1, 11, 16 m Y; mopymeHHs m.p.n. MOXE MNPUBOAUTH [0
HEMPABWJILHOTO PO3XO/DKEHHS XpOMOCOM B aHadasi 1 A0 TpUCOMIii, HANpPUKIA, 3a
xpomocomoro 18 y moauau <Edwards syndrome>.

chiasma - xia3ma, nepexpect. BizyanbHuii MposiB KPOCHHTOBEPY <Crossing-over>;
noo6pe momitTHUMU X. CTaloTh B juinioreHi <diplotene> (mix dWac mopyrieHHS
CHUHANTOHEMAJIBHOTO KOMIUIEKCy <Synaptonemal complex>), xoim TOMoONIOTH
BIJIIITOBXYIOTHCS OJUH BiJl OJHOTO, 30€piraiouu 3B'SI30K TIIBKU B oOnacti X. - 1ei
IPOIIEC CYIPOBOIKYEThCS TepMiHaizamieto xiazm <chiasma terminalization>.

chromatid - xpomarmma, HamiBXxpomocoma. OJHa 3 JBOX KOINH PEIUTIKOBAHOI
XpOMOCOMH, 3’€JTHAaHUX B 00JaCTi LIEGHTPOMEPH Ta Bi3yalTi30BaHUX B MITO31.

chromatin - xpomatun. Hykieonporeinauii KOMIUIEKC, SIKHA CKIIAa€ XPOMOCOMHU
eBkapioTnuHux KiituH, BKimoudae JIHK, ricronm <histones> Ta pi3Hi HETiCTOHOBI
oinku; tepmin “X.” BBeneHo B.Dneminrom B 1880 s omucy 3a0apBiroBaHUX
crenlaJbHUMU OapBHUKAMU BHYTPIIIHBOSIIEPHUX CTPYKTYP.

chromomere - xpomomepa. I1{i1pHO KOHACHCOBaHA AUITHKA XPOMATHHOBOI HUTKHU;
po3kpydeHi X. - Ie TMeTIi XpoMocoM TuIly “mammoBux IiiTok” <lampbrush
chromosomes>; X. iHTeHCHMBHO 3adapOoByeThCs OapBHUKaMU, crHenupigHIMH
crocoBHo JJHK.

chromosome - xpomocoma. Opranena KJIITHHHOTO sipa eyKapioTiB (y MPOKapioTiB
po3MmilieHa 0e3nocepeIHkO B IIUTOIIIA3M1), € HOCIEM T€HETUYHO1 1H(popMaIlii (reHiB),
31aTHa A0  BIATBOPEHHS 31  30€pEeXEHHSIM  CTPYKTYpPHO-()YHKIIIOHAIBHOT
MHJUBIIYaIbHOCTI B pAJly TOKOJIIHb, OCHOBY X. COKJaJae Oe3nepepBHa JBOJIAH-
IIOTOBa CIipajdbHO 3aKkpydeHa (KoHJeHcoBaHa) Mosiekyna JIHK, mos’s3ana ricrona-
mu <histones> i HericronoBumu Oinkamu, HaOip X. (kapioTun) € BUAOCHIEIH(ITHOO
O3HAKOI0, JJIA SKOi XapaKTepHUM € BITHOCHO HU3bKUW pPIBEHb 1HIUBIAYyaTbHOL
MIHJIUBOCTI; TepMiH “X” 3ampononoBanuii B. Banbneiiepom B 1888 porii.

chromosome arm - miede xpomocomu. [linsiHka MOHOLIEHTPUYHOT MeTada3HOl
XPOMOCOMHM MO OJIMH OIK BiJ IIEHTPOMEPH, BKJIOYHO 3 00OMa CECTPUHCHKUMU
XpOMaTHIaMHU.

chromosome arm number, “nombre fundamental”, NF - kuibkicTe
XPOMOCOMHHUX IIJICUEH.

chromosome banding methods, banding - nudepenniiine 3adappiieHHs XpOMO-
coMm, Oenaunr. Kommiekc meroniB 3adapOyBaHHS XPOMOCOMHHUX MpENaparib, IO
J03BOJISIIOTh HA OCHOB1 HEOJHAKOBOI'O BIJTHOIICHHS JI0 T€T€PO- Ta €BXPOMATUHOBHUX,
ninsnok JIHK ¢ pisaumu  AT/T'TI-criiBBIIHOIIEHHSIMU Ta 1HIIMX OCOOJMBOCTEH
BUSBIISITH CIEUU(IYHY MOB3JOBKHIO CTPYKTYPOBAHICTH OKPEMHX XpPOMOCOM, IO

JI03BOJISIE TOYHO 17IEHTU(PIKYBATH OKpEeMi €JIEMEHTH KapiOTHUITY; HAHOUIbIIT MOIIMPEHI:
G-, C-, R-, Q-6enuHr.

chromosome complement (set), chromotype - xpomocomuuii HaGip. Creru-
biuHuii 1 JaHOT OCOOMHM, TPYNM OCOOWMH, BHAY TaIUIOIIHUM XPOMOCOMHUUN
KOMILIEKC, 4acTO IpeACTaBICHUI y BUIIISLAL iiorpamu <idiogram>,



chromosome condensation (spiralization, contraction) - xonmeHncaris (cmipa-
Ji3arisi, CKOpo4ueHHs) xpomocoM. [Iporiec yiiapHeHHS XpOMOCOM, PO3MOYMHAETHCS B
iHTepdaszi U nmoctsrae Makcumymy B Mertadasy; B ocHoBi K.X. nmexarb ckiamHi
IpoIecH CKpydyBaHHs (yIIakOBKHM) XpOMaTHHY, Ta mpouec ¢ochoprIroBaHHS
ricrona <histone> HI1, xoHTpomboBaHoro crerupiyHEM  pepMeHTOM -
TMCTOHKIHA3010.

chromosome morphology - Mopdoioris xpoMocoM. XapakTeprCTHKa XPOMOCOM
3 BpaxyBaHHSM CIIBBIJHOIIEHHS IUIEYed y HHUX. PO3PI3HAIOTH METAlleHTPHYHI
<metacentric>, cyomeranenTpuuni <submetacentric>, cyoremonentpuuni <subtelo-
centric>, akpoleHTpuuHI <acrocentric> Tta Tenouentpuuni <telocentric>
XPOMOCOMH.

chromosome number - xpomocomue umcio. KinbkicTh XpoMOCOM Y JaHii
KJIITHHI a00 KIIBKICTh XPOMOCOM B COMATHYHHUX (AMIUIOINHMX) KIITHHAX JTaHOTO
oprasizmy - 2.

chromosome painting - “posmuc” xpomocomu. OnuH i3 BapiaHTIB METOIY
riOpumuzamii In_Situ <in situ hybridization>, npu skomy B sKOCTI 30HTY
BUKOPUCTOBYETHCSI MiueHa OIOTHHOM (JIJI1 HACTYMHOTO (hIIIOOPUCIICHTHOTO aHai3Yy)
JIHK moBHOi xpomocomHuoi 0Oiomiotekn <chromosome-specific library>: wmeton
“P.”’X. BHUKOPUCTOBYETBCS [UJIi aHali3y COMATUYHUX TIOpUIHUX  KIITHH,
imeHTUdIKalli  XpOMOCOMHHMX IOPYILIEHb, aHaji3y MPOCTOPOBOrO  PO3MOILTY
XpOMOCOM B iHTep(]azax Ta JJjis 1HIIUX ITIEH.

chromosome pairing, conjugation of chromosomes, synapsis, syndesis,
association — koH’roraiisi XpoMocoM, cuHarcuc. [TomapHe 30IMKEHHS CECTPUHCHKUX
XpOMaTuj, TOMOJOTIYHMX XpomocoM B | moaim Meioly 3  yTBOPEHHSIM
B3a€MOCTaOUTLHHUX CTPYKTY-OiBasieHTiB <bivalent>, mix yac sikoro Mosxe BigOyBaTHCS
OOMIH reHeTUYHUM MaTepianioM (peKoMOiHallis, KPOCHHTOBEep <Crossing-over>),

colchicine - xonxirua. ANKaNoi[, €KCTparoBaHUi 3 ACAKHUX JIUTHHHX POCIHH, €
“MITOTUYHOI0 OTPYTOIO”, OJIOKYE HOpPMalibHYy AaKTHUBHICTh BEpeTeHa; BUKOPHUC-
TOBYETHCSI B KapilOJOTIYHOMY aHalli3l Ta JUIsl OTPUMAHHS BUCOKOIUIOITHUX (opM
pociuH (konximioigie <colchiploid>).
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Crossing-over - KpocuHroBep, oOMiH. B3aeMuuii 0OMiH IiISHKAMH TOMOJIOTIYHHX
XpPOMOCOM, J1a€ HOBY KOMOiHarito aneniB; mexaHisM K. 3acHoBaHuii Ha “poO3pHBI-
noeqHanHi”  <breakage-reunion hypothesis> xpomarua: K. €  ocHoBoio
KOMOIHAaTHBHOI MIHJIUBOCTI (pekoMOiHarii <recombination>) i BigOyBaeTbCcsi B
Meio03i.



cytogenetics - nuroreneTuka. ['amy3p 3HaHb Ha TIEPEXPECTi TCHETUKHU Ta IIUTOJIOT I,
BHMBYA€ T€HETHYHI 3aKOHOMIPHOCTI Ha KJIITUHHOMY (XPOMOCOMHOMY) pIBHI; T€PMIiH
“II.” 3anponnonoBano B.Carronom B 1902.

cytokinesis - nutokines, nutoromis. [Iporec po3moaity MaTepUHCHKOT KIIITHHH Ha
TIB1 OYipHIi, BiIOyBa€eThCs B TeIodazi Meio3y abo MITO3y 1 3MIMCHIOETHCS 32 PaXyHOK
yTBOpeHHs a0 pparmorutacty <phragmoplast> (pocmuHHOT K1iTHHU), 200 KIITHHHOT
NEPETSHKKY (Y TBAPHH).

cytoplasm - nuromiasma.

daughter (sister) cell - gouiphs (cectpuHcbka) KinituHa. OIHA 3 TBOX KIIITHH, IO
YTBOPIOETHCS B PE3YJIbTaTi KIIITUHHOTO MOLTY.

daughter chromatid - pgowipus Xpomaruaa. XpoMaTHIa, YTBOPIOETHCS B
pe3yabTaTi MITOTUYHOTO 200 MEHOTHYHOTO MOIBOEHHS XPOMOCOM.

diakinesis - miakine3. 3akmounuii eram mpodasu [ momginy Meio3y, Ha SKOMY
VIIIIbHEHHS (Cripaiizaiis) XpoOMOCOM JOCATa€ MaKCHMyMy, 1 BOHH DPIBHOMIPHO
PO3MHOIISIOTECS B SIIPI.

diploid - mumioin. OpraHi3Mm, KIITHHH SKOTO BKJIIOYAIOTh JBa T'OMOJIOTTYHHUX
HaOopu xpomocoM (2n) <diploid number>; tepmin “JI.” 3amponoHOBaHHIA
E.Ctpac6yprepom B 1905.

diploid number, 2n - gumoinne ywmcino. OCHOBHA XapaKTEPUCTUKA KaAPIOTHUITY
oprasiamy (BHJy), BU3HAYAETHCSA 3a KIJIBKICTIO XpOMOCOM B MeTadasi cCOMaTHYHOTO
MITO3Y, - HAPUKJIaJ, Y JJIOAUHNA B HOpMi 2N=46; y TUIUIOITHOTO OpraHi3My Yucjo 2N
XapakTepHe Ui BCIX KIITHH (32 BIJCYTHOCTI I1HAMBHIYaldbHOI MIHJIMBOCTI 1
XPOMOCOMHOTO MO3ailu3My <MO0SaiCiSm>), OKpiM ramer.

diplotene, diplonema - gunnorena, numIoHeMa, cTafis MOABIMHUX HUTOK. CTamis
npodazu | momimy Melo3y MK TaxiTeHOW 1 J1aKiHEe30M, XapaKTepHU3ye€ThCs
BUHHUKHCHHSM BiJIITOBXYBaHHS TOMOJIOTIB OJHH BiJ OJHOTO, IO NPUBOJIUTH IO
TepMiHamizamii xiazm <chiasma terminalization>.

division, fission - moxin. YHiBepcaibHa hopMa PO3ZMHOKEHHS KIITHHU, HAHOUTBIII
nomupenumu popmamu . € mito3 <mitosis> ta Meio3 <meiosis>; takox 10 /.
MOXYTh OyTH BiHECEHI Ti (OpPMU BEreTaTUBHOTO PO3MHOXKEHHS, 3a SKUX
BiIOYBAETHCS PO3MOJIT MAaTEPUHCHKOTO OpraHi3My Ha OUIBII YW MEHII piBHI
JaCTHHH.

division center - nentp moxaity. EjieMeHT MITOTHYHOTO amapary KJIITHH TBapHH,
CKJTaJIa€ThCA 3 IEHTPOCOMH <CEntrosome> i mentpiom <centriole>; gacto 3amicTh
tepmina “Ll.a.” BUKOPUCTOBYIOTH IOHATTS “TIOJIIOC BepeTeHa .

dizygotic (fraternal) twins - pi3HosiieBi (IBOsMIIEB], JU3UTOTHI, HEIACHTHYHI)
ONMM3HIOKW. BiM3HIOKM, SIKi yTBOPWIMCSA TPU OJHOYACHOMY 3alUTiIHEHHI JBOX YU
OutpIie SUEKTITHH; TeHoTurnu P.0. cXoxi He Oulblle, HDK TeHOTHNH OpaTiB Ta
cecTep, X04a 1IEHTHYHICTh CEPEOBHILA, B SKOMY BOHHU PO3BUBAIOTHCSA, 00YMOBIIIOE
CHJIBbHIITY (DEHOTHIIOBY CXOXICTh M1 HUMH.



euchromatin - eBxpomaTuH. AKTUBHHI XpoMmaTtuH <Chromatin>, He BHUsABISETHCA
BI3yaJbHO TMPOTATOM BCi€i 1HTep(da3sum BHACHIZOK HHU3BKOI MIIJIBHOCTI HOTO
yIaKyBaHHsS, MICTUTh OUIBILIICTh aKTUBHO TPAHCKPUOOBAaHUX TE€HIB, 3AaTHUU 3BO-
pPOTHBO TepeTBOpIOBaTHCS B (akKyiabTaTUBHHU Terepoxpomatnn <facultative
heterochromatin> B mpoueci iHakTuBamii X-xpomocomu <X-inactivation>; E.
MICTUTh BIJTHOCHO OUIBINY KUIBKICTh HETICTOHOBHX OLIKIB TMOPIBHSHO 3 TIeTepo-
xpomaTtrHOM <heterochromatin>.

eukaryotes, eukaryotic organisms - eskapiotu. OpraHi3mMu (BHUIII TBapuHHU 1
pOCIMHU, TPUOM, OJHO- 1 0AraTOKJIITHHHI BOJOPOCTI - OKPIM CHHBO-3CJICHUX - Ta
HAWIPOCTII), KITHHU SIKUX MICTATH chopMoBane siapo; saepHa JJHK Bxonuts g0
CKJaay XpoMocoM <chromosome>, siki MicTaATh <hiStOnes> i Jesiki HEeriCTOHOBI
OlkM, 1 oOpraHizoBaHa y BHIVIAAI xpomatuHy <chromatin>; tepmin “E.”
sanporioHoBano E.lllarromom B 1937, BiH ymepmie BCTaHOBHB TNPUHITUIIOBI
BigminaocTi E. 1 mpoxkapioTiB <prokaryotes>; omHuM i3 HaiilaBHIIMX €BKapioTiB
BHU3HAHO JISIMOJIIO.

facultative heterochromatin - ¢akynpratuBHHIA reTepoxpomatuH. ['eTepo-
xpomatuH <heterochromatin>, HasBHUWII yumIe B OXHIA 3 TOMOJIOTIYHUX TMap
XpOMOCOM, - HAalIPUKJIaJI, y IHAKTUBOBaHO1 X-XxpoMocomu <X-inactivation> B mporieci
KoMITeHcarii 7031 @.X. B MEBHUX YMOBAX 3JaTHHH 3HOBY NIEPEXOAUTH B €BXPOMATHH
<euchromatin>; repmin "®.r." 3anpononosano C. bpayxnom B 1966.

first division - mepmmii (1) momin [go3piBanHsa]. Etanm meiio3y, skuii 3a
rnapamMeTpaMu Harajaye MiTo3, aje BIIPI3HAETbCS CYTTEBO TPUBATIIIOK 1 CKIIATHIIIOK
npoda3oro, B sKiM BiIOYBAa€ThCA PEKOMOIHAIlS TEHETMYHOTO MaTepially, a TaKoX
THM, 110 B HbOMY B1JI0YBa€ThCSI PO3XOJPKEHHS TOMOJIOTIB, @ HE XPOMATH]I.

G0 period - mepiox GQ. Etan intepdasu <inter-phase> oxpa3sy miciis 3aKiHYCHHS
MITO3y, XapaKkTepU3YEThCSA BIAHOCHHUM CIOKOEM KIITHHH (CYTTEBO MOCIA0ICHUM
CHHTE30M OijKa), Te- peaye nepioay G1.

G1 period - nepuon G1. Eran xiituaHOTO 1ukiay (etam intepdasbl): (asza pocty
(Growth), mo nepenye nepioay S <S period>.

G2 period - nepiox G2. Eran knituaHOTO 1Ky (ha3a pocty), MOUMHAETHCS TICIS
pemrikanii JJHK (nepiony S) i mepemye miTo3y <mitosis>.

gametic meiosis - ramMmeTuuHUN Meito3. Meio3, sKkuil 0e3MocepeIHbO MPUBOIUTD
710 YTBOPEHHS OJHOKJIITHHHUX T'aMeT.

gametic number - rameTn4He YKci0. [ammoinHoe YMCao XPOMOCOM.

gametic reduction - pexaykiist raMeT, peayKilis [duciia] XpoMOCOM. 3MEHIIICHHS
YHCIa XPOMOCOM HAIOJIOBUHY TOPIBHSHO 3 COMAaTHYHUM Habopom; P.r. — ckiamosa
YacTUHA PEIYKIIHHOTO MOALTY (MEHO03y).

gametogenesis - ramerorenes. [Ipomec pa3BuTKy crareBuX KiiTuH; y pociuH I
NPEJCTABICHO MIKPOCIIOPOTeHE30M <MICroSPOrogenesis> i MakpoCIOpOTreHe30M
<macrosporogenesis>, y teaput I'. (criepmarorene3 <spermatogenesis> ta ooreHes



<00Qgenesis>) BimOyBaeThCs B CIEMIaIbHUX CTaTeBHX OpraHax - TOHaJax
(moxamizoBanmit I'.) abo BinmOyBaeTbcs B Oynb-fKiil AUISHII Tida, fAK Y
KHAIITKOBOTIOPOYKHIUHHUX Ta TUIOCKHX YepBiB (mudy3nuii I'.).

genome - reaoM. CyKymHICTh T€HIB TaIuioiHOTO HA0OPY XPOMOCOM JaHOTO BHUIY
OpraHi3MiB; OpraHi3M MOXK€ MICTUTH B €001 pi3HI TE€HOMH SKIIO BiH BUHHK B
pe3ynbTati TiOpuan3allii; y BUIMAAKy SKIIO OPTaHi3M He € ajormioigoM, Tepmin “I".”
BUKOPHCTOBYIOTH JIJISl IIO3HAYCHHS BCI€l CYKYITHOCTI T€HIB (IUIUIOTIHUM 1 T.1.), 1HOII
“TI".” BUKOPUCTOBYIOTh B SIKOCTi CHHOHIMY 10 HOHATTA “Kapiotun” <karyotype>, mio
€ HeBipHUM; TepMiH “I'.” 3anmponoHoBano I".Binkiepom B 1920.

Goldgi apparatus (body, complex) - amapar (komruiekc) ['omwmki. Opranena
€BKapiOTUYHOI KJIITHHH, CKIAJAETHCA 3 IIUTHHO 3allaKOBAHUX MOPOKHUH 1 MIIICUKIB,
y pocaun A.I'. Bkimouae ngukriocomu <dictiosome>; wHa BiAMIHY BiJg €HJIO-
ia3MatuaHoro perukymoMa <endoplasmatic reticulum> A.I'. mo30aBneHwmit
pudocom; cepen ¢yukmii A, - Momudukamii OLIKiB  (TJIIKO3HUIIOBAaHHS,
dbochopunmoBaHHs U T.M.), “TpaHyJswis” MPOIYKTIB CEKpelii, YTBOPEHHS J1i30COM
<lysosome>, cuHTe3 JesKHX IMOoJicaxapuaiB, (OPMyBaHHS KIITHHHOI MeMOpaHH;
orucannii K.I'onpmxu B 1898.

haploid - rammoimuuii. Xapakrepusye iHauBiAyyMa (KIITHHY), B SKOTO HasBHUMN
oauH Habip xpoMocoM (N); B HOPMi TaruIOITHUMHU € TaMETH; TaIUIOIIHUMU MOXXYTh
Oyt O0cOOMHM, SIKIi YTBOPWIHMCS B pe3yibTaTl I1HIYKOBAHOTO TiHOTEHE3Y
<gynogenesis> i T.x.

idiogram - imeorpama. I'padiune 300pakeHHS MOPQOJIOTIUHOT CTPYKTYPH
kapiotuny <karyotypee> 3 BpaxyBaHHSM BiJIHOCHOI JOBXXHHH Ta CITiBBiJHOIICHHS
JTOBXHHHM TIJICYeH XPOMOCOM, PO3MIIICHHS BTOPUHHUX TMEPETUHOK Ta CYMyTHIX
€JIEMEHTIB, pO3MoIi1 nudepeHiiiioBano 3a0apBIeHUX 30H Ta 1H. O3HAK.

interkinesis - intepkine3. Cranis KimiTuHHOro MUKy Mixk | Ta |l mogizamu meiosy,
BiZIpi3HSAETHCS B iHTep(das3u BiacyTHicTIO niporiecy perutikamii JJHK ta (sx mpasuiio)
nporiecy Aecmipanmizaiii xpomocoMm; B I. He BimOyBaeTbcst (GOpMyBaHHS SIACPIIS
<nucleolus>; TpuBamicts I. y pi3HHX OpraHi3mMiB 3HAYHO BapiiOE.

interphase - intepdasa. Etan KIITHHHOrO HUKIYy MK JBOMa IOCIIIOBHUMH
MiTO3aMH, (pa3a CHOKOIO KIITHHU ab0 kK CTajis BiJ OCTAaHHBOTO MITO3Y JI0 CMEPTI
kaiTiHA; B 1. XpoMaTuH B OUIBIIOCTI AecmipanizoBaHuii (Ha BiIMIHY BiJ iIHTEpKiHE3Y
<interkinesis>); B Hopmi I. Bkimouae aBi ¢asu kmituaHOro pocty G1 Ta G2,

po3ainenuit paszoro curtesy (pernrikarii) JJHK - S.

karyogram - xapiorpama, ‘“po3skianka”’. 300paxkeHHs IUILUIOIIHOTO HabOpy Xpo-
MOCOM aHaJlI30BaHOr0 00’€KTY, CUCTEMAaTU3yBaHHS 3a MiKpodoTorpadisiMu IUIIXOM
nig00py TOMOJIOTIYHHUX TMap 1 Ppo3nojuTy 3a MOpP(OJIOTIYHUMH IapaMeTpamMu
(po3mipH, CHIBBIAHOIICHHS XPOMOCOMHUX IUIeuei, mapameTpu audepeHIiiioBaHoro
3a0apBIICHHS).

karyokinesis - kapiokine3. [Toain sigpa B mporieci KIITHHHOTO MOJLTY.



karyotypee - kapiotun. COMaTHYHHIA XPOMOCOMHHUH HaOip MEBHOI OCOOWHU UM
BHUIly, SIK TPABWIO, XapaKTEPU3YEThCS BHCOKUM CTYMEHEM CTaJOCTI W CIYyTrye
BKJIUBOIO TAKCOHOMIYHOIO 03HAKOIO (K IHCTPYMEHT KapiOCUCTEMATHKH ), TA€ 3MOTY
ONMCyBaTH HOBI BuAW (Hampukian, momiBka Microtus subarvalis); tepmin “K.”
BBeneHo [ .A.JleButchbkum B 1924.

lampbrush (lateral-loop) chromosome - xpomocomu Tumy “IamIoBHX HIITOK”.
['iranTChKi XpOMOCOMH, SIK1 BUSIBJISIIOTH B IIEPBUHHUX OOIUTaX XpeOeTHUX (Ha crafil
auriorenu <diplotene> mpodasu I moainay Meio3y) Ta XapaKTepu3yIThCS HAsIBHICTIO
YUCJIICHHUX PIZHOPO3MIPDHUX OOKOBHUX T€TEeNb, KOXXKHA 3 SKHUX € PO3KPYUEHOIO
XPOMOMEPOI0, Ha METVISIX X.T.”JIL.IL.” BiI0yBaeTbcs iHnTeHcuBHUM cuHTe3 PHK.

leptotene, leptoneme - nenToreHa, ienTOHEMa; CTais TOHKUX HHUTOK. Ilo-
yaTKoBUM etan npodasu | meiozy; xpoMocomu BizyanbHO AudepeHIiioBaHi, Xxo4ya
ciabkocrmipainizoBai; B JI. opmyethes “Oyker” <bouquet>.

liposome - mimocoma. Bakyoiib, sika YTBOPIOETBCS OJHO- a00 JIBOIIAPOBOIO
MEMOpaHOIO i 3alOBHEHA JICIIUTUHAMHU Ta THITUMU JIITIIaMH.

loop - merna. [dinsHka xpomocomu THiy “nmammoBux mitTok” <lampbrush chro-
MOSOMEeS.

lysosome - mizocoma. Opranena KIITHH TBapHH Ta TI'puOiB, Ma€ OJHOIIAPOBY
MeMOpaHy, MICTUTh HaOIp TiApoMITHYHUX (epMeHTIB; JI. Y TBOPIOETHCS B KOMILIEKCI
INoasmxi <Goldgi complex>; JI. Brepire Oynmu onmcani K. ge J[roBom B 1955,BiH ke
3anponoHyBas TepMiH “JI.”.

meiosis, maturation (reduction) division - wMeii03, moOALT 1O3piBaHHA.
JIBOCTyNeHEeBUI MO KIITHH, SKAW TPU3BOAWTH JO YTBOPEHHS 3 JWILIOITHUX
KJTITUH TaIJIOIHUX, [0 € OCHOBHUM €TarioM TaMeTOTeHEe3Y; BUIUISIOTh TpY THIH M.
3UroTHUH, ab0 mouatkoBui (y Oaratbox I'puOiB 1 BOJgOpOCTEH) — BiAOYBaETHCS
oJlpa3zy MICisl 3aIuliIHEHHsI 1 TPUBOAMUTH O YTBOPEHHS TaIuIOiTHOTO TajlloMy abo
MIIEITit0, TaMETHUH, M KiHIeBUi (y BCiX OaraTOKIITUHHUX TBapUHU 1 y JEIKUX
HIDKYMX POCIIMH) — BiJIOYBAa€ThCSI B CTATEBUX OpPraHax i MPU3BOAWUTH JO YTBOPCHHS
raMeT, CIOpoBHH, ab0 TpoMiKHUEK (y BHIIMX POCIHMH) - BiIOYBa€ThCsS MeEpe/
IBITIHHSAM 1 MPU3BOJIUTH JI0 YTBOPEHHS TaIuIOiTHOTO raMeTo(diTy, B HAWTIPOCTIMINX
icHytoTh yci 3 tunu. M. Oyno Biakputo B. ®neminrom y TBapun B 1882 p. 1
E.CtpacOyprepom y pocnun B 1888 p.

metaphase - meradasza. Etan xiiTuHHOrO Moy, BimOyBaeThcs Micis mpodasu
<prophase>; xapakTepu3yeTbCs BHCOKHM pIiBHEM KOHJCHCAIlli XpOMAaTHHY,
dbopMyBaHHIM €KBAaTOPIabHOT TJIACTUHKHA 1 MPHUKPITJICHHSM HHUTOK BEpeTeHa 0
xpomocoM; M. - OCHOBHUHM eTan KIITUHHOTO MOJAUTYy, Ha SKOMY HPOBOJSTH
TOCTIKEHHS CTPYKTYpHU KaplOTHUIIIB.

metaphase plate - meradasna mmactuaka. CKymdeHHST XpOMOCOM Yy IUIOIIWHI,
NEePIEeHINKYISPHiN oci moalTy (eKBaTopianbHa IJIONIMHA) Ha CTalii MeTadasu nepen
MOYaTKOM aHa(azHOTo PO3XOKEHHS; TepMiH “M.IL.” TaK0X BUKOPUCTOBYETHCS IS
MO3HAYEHHS CKYITYEHHS XPOMOCOM Ha IIUTOTEHETHYHHX TpenapaTax.



MItoSIS - miTo3, Henpssmuiil moain. OCHOBHMIA CIOCIO MOAUTY €BKAPIOTHYHHUX KITITHH,
3a0e3nedye CTPOTrO PIBHOMIPHUIM PpO3MOAUT PEIUIIKOBAaHMX XPOMOCOM B JIOUIpHI
KIITUHYU; JaetanbHe onmcyBanHa M. momano E.CtpacOyprepom Ha wmatepiami
pociiuaHuX KiiTuH (1876-1879 pp.) ta B.dneminrom Ha TBapuHax (1882 p.);
TpuBaJIicTh M. y KIITHH Pi3HUX THUITIB HEOJIHAKOBA, B cepeaubomMy 1-1,5 rog.

mitotic center - mitotnunamid meHTp. Crenudivaa CTPYKTypa KIITHHH, 3a0e31edye
MPaBUJIBLHICTh PO3XOXKIEHHS XPOMOCOM B aHadasi KIITUHHOTO TMOAUTY, B OLIBIIOCTI
€BKapioTiB MpeJCTaBICHA PEAYIIIKOBAHUMHU IICHTPI1OJISIMH.

mitotic crossing-over - MITOTHYHHE (COMaTHYHUI) KpocHHToBep. KpocHHTOBED,
KU BiAOYBA€ThCS MiJ Yac MITO3Y, BIJOMHUU y PI3HHX OpraHi3MiB, aje BHpa)KeHa
TEHJICHIIISl 10 COMAaTUYHOIO CUHAICY (1, BIAMOBIIHO, 10 M.K.) Y JIBOKPUJIUX KOMax
MOB'SI3aHUN 3 HASBHICTIO THITOBUX MOJITEHHUX XpoMocoM <polytene chromosomes>,
0 € pe3yJbTaTOM CHHAIICY BEJIMKOI KIUIBKOCTI TOMOJIOriB; Brepiie M.K. Oyio
BusiBieHo K.IlItepHom y npo3odi.

nuclear fragmentation - ¢parmenTamist snaep, npsmuid noaitr. ®opma amiTo3y
<amitosis>, 3a SKOro SApO MEPEBAKHO NIIUTHCS HA TEHETHYHO PI3HOPIAHI YaCTHHU
NUITXOM IepemnypyBaHHs; M., XapakTepHa JUIA CTapiloYuX JereHepaTHBHUX
KJIITUH Ta KJIITUHHUM TOJILJIOM HE CYIIPOBOJIKYETHCS.

nucleoid, prokaryon - wnykieoin. Anamor sgpa y Oakrepiii — mo30aBlieHa
meMmOpanu JIHK- BmicHa ninsiHKa MpoKapioTUYHOI KIITHHH (Y AESKHX MPOKApIOTIB
Mocke OyTtu Oinbiie onnoro H. Ha kimituny), noain H. BigOyBaeTbest micis perutikaitii
JIHK 3 ninsiHKOrO KIIITHHHOT MEMOpaHHU.

nucleus, cytoblast - sapo. Opranena mnepeBakHOI OLIBIIOCTI CYKapiOTHYHUX
opraHi3miB, B $I. 3HaXOJAMTHCS OCHOBHAa YacTHMHA CHAJKOBOI 1H(OpMaIii KIITUHU
(saepHUii TeHOM), 110 OOYMOBIIOE€ HWOTO MPOBIAHY POJIb B YHPABIIHHI KJIITHHHOIO
KUTTEIISUILHICTEIO.

oocyte - ooumr. JXKiHoya crareBa KJIITMHA Ha eTamax POCTy 1 AO3pIBaHHS; IO
3aBepieHi MiTo3iB Q. MepIoro MopsiiKy yTBOPHOETHCS 3 OOTOHIs <00gonium>; B
¢a3i croBuIbHEHOTO pocTy B . BigOYyBaeThCs KOH'IOTAllsl XPOMOCOM Ta KpO-
cunroBep (mpodaza I meitosy), y ¢asi mBuakoro (TpodoruiasMaTUIHOro, BITEIO-
reHe3y) pocty 00’em O. pizko 30UIbIIyETHCS, ITUTOIIIa3Ma . Hakomuuye puOOCOMH 1
KOBTOK, micis | moauty meio3y yTBoproerbTcs O. Apyroro mopsaky, A0 KiHII
T03piBaHHS Me03 Moke OyokyBaTHcs (Ha ctafaii metadaszu | um Il moginy); O. Mmoxe
OyTH 3aruiiTHCHUM.

ovary - sieunuk. JKiHOua cTareBa 3aj03a, B fAKiH BiIOYyBa€ThCs OOreHe3 <00ge-
Nesis> (o3piBaHHsA CTAaTEBUX KJITHH - s€Ib); SI. YyTBOPIOEThCS 3 ME30€PMAIBLHOTO
3apOAKOBOTO JIUCTKA (Y KAITKOBOIIOPOKHUHHUX 3 €KTO- 400 €HTOIEPMHU ).

ovulation - oBymsamis. Buxin 3pinux SHIEKITITHH y CCaBIiB 3 SEYHUKIB B
nmopoxHuHy Tina; . Hacrae mepioguYHO ab0 B TIEBHUN CE30H TIij] BIUIMBOM
“CUrHajiB” 30BHIIIHBOTO CEpPEAOBUINA, & TAKOXX MOXK€ OyTH I1HIYKOBaHA IITYYHO
(HampuKJaja, BIUIMBOM FOHAJOTPOIIIHY).



pachytene, pachynema - maxiteHa, nmaxiHema, cTajis “TOBCTUX HHMTOK . Cramis
npodaszu | momimy Meo3y; KOH IOTyI0Ui Mapyu XpOMOCOM TMPECTaBIeH] OlBaleHTaMu
<bivalent>, ski wmicTaTp TOBHICTIO c(OpPMOBaHI CHHANTOHEMHI KOMIUIEKCH
<synaptonemal complex>.

pachytene analysis - naxirennuii anami3. [Ipomec imeHTH}IKAMT MEHOTHIHUX
XxpoMocoM (OiBaJIeHTIB) 3a CHEMHU(IKOI0 IX CTPYKTYPH, PO3MIpYy H XpPOMOCOMHOTO
MaJTIOHKa; Ha CTaJli MaxiTeH! TaKui aHalli3 HalOIbII €()EeKTUBHUH.

packing - ymineHenHs [JIHK]. CykynHicte mporeciB cmipanu3aiii Ta camo-
yKJIaeHHs aBoJanioropoi Mmonekyian JHK, npusBoasTs 1o pi3koro cKopodeHHs ii
a0COJIIOTHOT JOBXKHUHH.

polar body (cell) - nanpaBue (rmossspHe) Tidbie. piOHa KITITHHA, YTBOPIOETHCS B
nporiect ao3piBaHHs oouuTy micas | (mepmoro H.t.) 1 II (apyroro H.t.) moxaini
MeHO03y, MICTUTh TaluIOifHUK HaOlp XpPOMOCOM, Ha KIHELb JETE€HEPYE; 3aBISKH
ACUMETPUYHHUM TOJLIaM, NPU3BOAUTH A0 yTBOpeHHs H.T., nuToruasMa oouuTa
30epirae BeJIMKi pO3MipH B 0OTreHe31 <00genesis>.

polytene chromosome - mostiteHHa XpoMocoMa. ['iraHTChka XpOMOCOMa JCSKUX
COMAaTHYHMX KJITHH, SKI MPOWIUIA Mporiec mojiteHizamii<polyteny>; Il.x. Bizomi B
KJIITUHAX CIMHHMX 3aJ103, MAJbMITI€BUX CyIHH, TPUXOTC€HHUX 1 AESKHUX 1H. KIITHHAX
KOMax, B KJIITHHAX pociuH, TpubiB (pos Sciara), mainpoctimux (iHdy30pii); B 1989
B.Copca ony0ikyBaB Buueprny 2-roMmHy MoHorpadito no Il.x. npozodin.

prokaryotes, prokaryotic organisms - mpokapiotn. OpraHi3aMu, KJIITHHH SIKHX
1030aBJIeHI 0OMEXEHOr0 MEMOPAHOIO SI/Ipa; aHAJIOTOM fAJIpa € HYKJIEOi]l, TeHETUYHA
cucteMa sikoro (reHoop) BiAMOBIAaE MPUMITUBHIN XpomocoMi; Mito3a y Il. Hemae,
kmituHU-II. mo30aBeH1, MITOXOHPIN, anapata ['onabaxKi, IEHTpioseH, a pubocoOMHU
CYTT€BO BIJIPI3HSIOTHCA BiJl prubocom eBkapioTuunux kiituH; Il. ckiamaroTe okpeme
apcTBO  (MOXKJIMBO, HAJIAPCTBO), BKIIOYAIOTh OJHOKIITHHHI (apxeOakTepii,
eBOakTepii) 1 6araTOKIITUHHI (CMHBO3EJICHI BOJIOPOCTI, UM I1iaHOOAKTEPil) OpTraHi3Mu;
tepmin “II.” 3anprnonoBano 1937 E.lllattoHoMm, saxuii ynepiie chopMyirOBaB
npuHiunosi po3oixuaocTi Il. i eBkapioTiB <eukaryotes>.

prophase - npodasa. [TouarkoBuii eTam KIITHHHOTO MOMLTY: MOYATOK pO3Mamy
SIEpHOI OOOJIOHKH, SISpIld, II0YaTOK KOHASHcalii (cmipamizamii) XpoMocoM,
PO3XOXKJICHHS IIeHTpioJiei <Centriole> KIITUHHOTO EHTPY 10 MOJIOCIB 1 YTBOPEHHS
PO3MIIIIEHUMU JOBKOJIA HUX (iOpumamu actepa <aster>.

resting (uncycling) cell — xniTuaa B crani cnokoro. Kiitnna Ha erani GO <G(Q

period> inrepdasu; mumpme Ik, — ska He MOAUIIETHCA, ale € METa0OIIYHO
aKTUBHOIO KJIITHHOIO.

resting nucleus — simpo B criokoi. Sapo KimiTHHY Ha cTafii iHTepdasn.

resting stage (phase) — cramis crokoro. Ilepiog KIITHHHOTO MWKy TI03a
noxinom;C.om. = inTepdaza <interphase>.



RHG-banding - RHG-6enguar. Bapiant metona R-6enamnry <R-banding>;
BKJIIOUA€E TIOMEPEAHI0O TEPMIUHY OOpOOKy MpemapaTiB XpoMocoM 1 3adapOyBaHHS
OappaukoM ['iM3a; 1iHOmI Tl METOA pO3TISAAIOTH SK CAMOCTIMHUNA  THIT
audepenniinoro 3adapoyBanus xpomocoMm - T-6enaunr (T — thermal).

sat-chromosome — xpomocoma i3 CymmyTHUKOM. XpOMOCOMa, sIKa HECe Ha OJTHOMY
3 TUIeYed CYNMYTHUKOBMI eJleMEHT (a0o cyOTeloMepHY BTOPUHHY HEPETSKKY),
3YCTPIHaOThCA Y pociuH (1HOMI TO KiJbKa Ha TEHOM), a B KaplOTHUIIaX TBAapUH
3yCTPIYaIOTHCA PIIKO.

satellite, trabant - cynyrauk. CerMeHT XpOMOCOMH, PO3MIIICHUN JUCTAIBLHO IO
BiJTHOIIICHHUIO JI0 BTOPHHHOI MepeTshKKU <secondary constriction>.

secondary spermatocyte - crmepmaTonuT JIpyroro mopsaky. Yososida crareBa
KJIITUHA, YTBOPIOETHCS B pe3yibTarti | monaimy mMeiosy.

sister chromatids (strands) - cecTpWHCBKI XpOMAaTHAW. [ICHTHYHI XpOMATHIAM
<chromatid>, yTBOproloTbCS B pe3yJibTaTi PEIUIMKAIlil XpOMOCOMH 1 TO€IHAHI B
objarci IEHTpOMEpH; MiJ 4Yac MiTo3y <mitosis> rta |l mominy meiosy <meiosis>
Bi10yBaeThes po3noain C.x.

sister chromosomes - cecTpuHCKI XpPOMOCOMH. I[ACHTHYHI XpOMOCOMH, SKi
yTBOPUJIUCSA B pe3ydbTaTi pervrikamii; TepmiH “C.X.” BHUKOPUCTOBYETHCS 3a
aHAJIOTI€I0 3 TEPMIHOM ‘‘CECTPHHCHKI Xpomartumu” <sister chromatids> crtocoBHO
rojoneHTpruuHuX xpomocom <holocentric chromosomes>.

spermatid - cmepmatuaa. [armumoimHa KITITHHA, YTBOPIOEThCS B pe3ynbTari 1l
moJTy MeHo3y y camilB; B mpoieci crnepmioreHesy C. MepeTBOPIOETHCA Ha
CIIEPMATO301 /.

spermatogenesis - cmepmaroreHe3. IIporec mepeTBOpEHHS — TUILIOIIHUX
NEPBUHHUX CTATEBUX KIIITHUH CaMIlIB y rarjioifiHi audepeHiiioBani cTaTeBl KIITUHA
(cnepmarozoinu); C. BkiIouyae 4 OCHOBHUX €TalM: PO3MHOXKEHHS (MITOTUYHE)
CIEPMATOTrOHIIB, PICT CIIEPMATOLUTIB MEPIIOro MOPSAKY Ha PoHI TpuBasioi npodasu |
NoJUTy MeH03y, Me03 3 YTBOPEHHSIM CIIEPMATOLMUTIB APYroro nopsaxy, a micis II
HOJILTY MeHo3y - criepMatu, 3akimoyanii etamn C. - ciepMiorenes <Spermiogenesis>.

spermatogonium - cmepmarorosiii. JlumioigHa 4ojoBida craTeBa KIITHHA, SKa
3a3Ha€ psAAy MITOTHYHUX TOAUTIB (B cepenqubomy 3-6) Ha meprioMmy erari
criepMaToreHe3y.

spermatozoon, sperm - crmepwmiii, crepMaTo30id. 3pija, IUTOJOTIYHO gude-
peHIliioBaHa YOJIOBIYa CTaTeBa KIITUHA, O€3MOCEPEIHHO MPUUMAE yUaCTh y MPOIIECi
3aIUTiTHEHHS;, Y OUTBIIOCTI TBapUH CKIIAAETHCS 3 TOJOBKU (KyAH BXOAUTH SIIPO,
MITOXOH/IPIi, IIEHTP10JI1, aKpocoma <acrosome>) ta BIAHOCHO JOBIoro “xBocrta’, 10
3abe3reuye NOCTyNnalbHUN PyX; Y A€SIKUX TBapHH 1 O1ab110cTi pociud C. mo3daBieH1
JOKTyTHKa (“XBOcTa”).

synaptonemal complex - cunantoHemHnii Komruiekc. CTPYKTypa, YTBOPIOEThCS
MpU KOH IOTaIlil TOMOJIOTIYHUX XPOMOCOM B MEWO03i; CKIaaeThcs 3 2 MapajelbHUX



narepanbHbIX enemeHTiB <lateral elements>, mo KOHTaKTYIOTH i3 XpoOMaTWHOM, i
MeIiaTbHOTO KOMIUIEKCY, Bmepmie crpykrypa C.K. omnmcaHa TpU eIeKTPOHHO-
MIKPOCKOIMYHOMY JOCTIIPKEHHI CIepMaTonuTiB capandi B 1956 M. Mo3zecom 1 /I,
DOyKETTOM.

telomere - Temomep. KinneBa minssHKa XpoOMOCOMH, 1HOAI Oarara reTepo-
xpomatuHoM <heterochromatin>, Bimirpae poms B 30epekeHHI MTICHOCTI
XPOMOCOMH 32 paXyHOK TorepekeHHs 3aumanHs T.

telophase - Temodasa. 3axmrouHMiA eTal KIITHHHOTO MOy (MiTO3a Ta KOYKHOTO 3
IBYX TOnUIiB Meilo3y); B T. BinOyBaeTbcs 3HUKHEHHS CTPYKTYp BepeTeHa,
YTBOpPEHHS 2 JNOUIpHIX sAnep (3 YTBOPEHHSM SIAEPHUX OOOJOHOK - B €yKapioTiB),
pO3MOAUT UUTOIUIA3MM HAa 2 YacTWHHU, NOYATOK JAecmipanizamii xpomaTtuny; T.
HepeXoauTh B iHTEpda3zy <interphase>.

tetrad - terpama. I'pyna 3 4 xpomarun, JnopiBHIOE mapi (OiBajneHty <bivalent>)
roMoJIOTIYHUX XpomocoM B mpodaszi | moainy meiosy; takox T. - rpyma 3 4
raruioiTHUX KJIITHH, K1 YTBOPIOIOTHCS B PE3yJIbTaTl MEMO3Y OJIHIE] 3 MAaTEPUHCHKUX
JUTITIOTTHNAX KITITHH.

zygote — 3urota; 3aruUIIHEHE Sl - KIITHHA, KA YTBOPIOETHCA B pE3yibTaTl
3JIMTTA raMeT pi3Hoi crati; TepMiH "3." 3anpoBamxeHo Y. berconom y 1902.

zygotene, zygoneme, synaptene - 3uroreHa, 3uronemMa, CHHaIrremMa, CTajais HUTOK,
o 3ymBalThes. Etan mpodasu 1 moxiny meiiosy (micns yientorenn <leptotene> Ta
nepen maxiteHoro <pachytene>), Ha SKOMYy PO3MOYMHAETHCSA MPOIEC KOH FOramii
TOMOJIOTIYHUX XPOMOCOM 3 YTBOPEHHSAM O1BAJIEHTIB (3UTOCOM).



Laboratory work Ne4

Theme: Molecular Basics of Heredity

Purpose: To learn the structure of DNA and RNA, basic mechanisms of
genetic information transfering.

Equipment: tables, charts of structure of DNA, RNA, replicftive fork.
Course of work:
1. To get acquainted with structure of RNA and DNA.

2. To draw the charts of DNA and RNA structure, replikation of DNA, reverse
transcription.

3. To draw a conclusion of differences in a structure and functions of DNA and
RNA.

4. To untie tasks.

Heredity, that to pass ability the signs and features conditioned descendants, is
a transmission of genetic information from a generation to generation. The material
bases, which carriers inherited data are nucleic acids. There are two types of nucleic
acids — desoxyribonucleic acid (DNA) which is mainly in chromosomes, and
ribonucleic acid (RNA), which is both in a kernel and in the cytoplasm of cage. For
all living creatures the carrier of the inherited data is DNA, although at some viruses
the carrier of the inherited data is RNA.

Structure of DNA molecule and its replication

The molecule of desoxyribonucleic acid (DNA) shows by itself two
antiparallel polynucleodic chains of spiral involute. The monomers of DNA are
nucletoides; each of them is folded of three component parts.
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There are:

1. Shugure — desoxyriboza;

2. Remain of phosphoric acid

3. One of four nitrous bases (Adenin, Thumine, Guanin, and Citozin).
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Figure 21 Nitrous bases

Explanation of work:

The information about how, when, and where to produce each kind of protein
Is carried in the genetic material, a polymer called deoxyribonucleic acid (DNA).

The three-dimensional structure of DNA consists of two long helical strands
that are coiled around a common axis, forming a double helix. DNA strands are
composed of monomers called nucleotides; these often are referred to as bases
because their structures contain cyclic organic bases. Four different nucleotides,
abbreviated A, T, C, and G, are joined end to end in a DNA strand, with the base
parts projecting out from the helical backbone of the strand. Each DNA double helix
has a simple construction: wherever there is an A in one strand there is a T in the
other, and each C is matched with a G (Fig 20).

This complementary matching of the two strands is so strong that if
complementary strands are separated, they will spontaneously zip back together in
the right salt and temperature conditions. Such hybridization is extremely useful for
detecting one strand using the other.

The genetic information carried by DNA resides in its sequence, the linear
order of nucleotides along a strand. The information-bearing portion of DNA is
divided into discrete functional units, the genes, which typically are 5000 to 100,000
nucleotides long. The genes that carry instructions for making proteins commonly
contain two parts: a coding region that specifies the amino acid sequence of a protein
and a regulatory region that controls when and in which cells the protein is made.



Cells use two processes in series to convert the coded information in DNA into
proteins.

In the first, called transcription, the coding region of a gene is copied into a
single-stranded ribonucleic acid (RNA) version of the double-stranded DNA. A
large enzyme, RNA polymerase, catalyzes the linkage of nucleotides into a RNA
chain using DNA as a template. In eukaryotic cells, the initial RNA product is
processed into a smaller messenger RNA (mRNA) molecule, which moves to the
cytoplasm. Here the ribosome, an enormously complex molecular machine
composed of both RNA and protein, carries out the second process, called
translation.

During translation, the ribosome assembles and links together amino acids in
the precise order dictated by the mRNA sequence according to the nearly universal
genetic code. All organisms have ways to control when and where their genes can be
transcribed. For instance, nearly all the cells in our bodies contain the full set of
human genes, but in each cell type only some of these genes are active, and used to
make proteins. That’s why liver cells produce some proteins that are not produced by
kidney cells, and vice versa. Moreover, many cells can respond to external signals or
changes in external conditions by turning specific genes on or off, thereby adapting
their repertoire of proteins to meet current needs. Such control of gene activity
depends on DNA-binding proteins called transcription factors, which bind to DNA
and act as switches, either activating or repressing transcription of particular genes.

The genome is packaged into chromosomes and replicated during cell division

Most of the DNA in eukaryotic cells is located in the nucleus, extensively
folded into the familiar structures we know as chromosomes. Each chromosome
contains a single linear DNA molecule associated with certain proteins. In
prokaryotic cells, most or all of the genetic information resides in a single circular
DNA molecule about a millimeter in length; this molecule lies, folded back on itself
many times, in the central region of the cell. The genome of an organism comprises
its entire complement of DNA. With the exception of eggs and sperm, every normal
human cell has 46 chromosomes. Half of these, and thus half of the genes, can be
traced back to Mom; the other half, to Dad. Every time a cell divides, a large
multiprotein replication machine, the replisome, separates the two strands of
doublehelical DNA in the chromosomes and uses each strand as a template to
assemble nucleotides into a new complementary. The outcome is a pair of double
helices, each identical to the original. DNA polymerase, which is responsible for
linking nucleotides into a DNA strand, and the many other components of the
replisome.

Five different nucleotides are used to build nucleic acids

Two types of chemically similar nucleic acids, DNA (deoxyribonucleic acid)
and RNA (ribonucleic acid), are the principal information-carrying molecules of the
cell. The monomers from which DNA and RNA are built, called nucleotides, all



have a common structure: a phosphate group linked by a phosphoester bond to a
pentose (a five-carbon sugar molecule) that in turn is linked to a nitrogen- and
carbon-containing ring structure commonly referred to as a “base”. In RNA, the
pentose is ribose; in DNA, it is deoxyribose. The bases adenine, guanine, and
cytosine are found in both DNA and RNA; thymine is found only in DNA, and
uracil is found only in RNA. Adenine and guanine are purines, which contain a pair
of fused rings; cytosine, thymine, and uracil are pyrimidines, which contain a single
ring (Figure 22).
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Figure 22 Nitrous bases of DNA and RNA structures

The bases are often abbreviated A, G, C, T, and U, respectively; these same
singleletter abbreviations are also commonly used to denote the entire nucleotides in
nucleic acid polymers. In nucleotides the 1 carbon atom of the sugar (ribose or
deoxyribose) is attached to the nitrogen at position 9 of a purine (N9) or at position 1

]l()( l] ()]] I]()( Il ()II
11
\| iz 5< Wz
(l)]] OH (l)ll H
Ribose Deoxyribose

Figure 23 The structure of DNA and RNA sugar

of a pyrimidine (N1). The acidic character of nucleotides is due to the phosphate
group, which under normal intracellular conditions releases a hydrogen ion (H ),
leaving the phosphate negatively charged (see Fig 23). Most nucleic acids in cells are
associated with proteins, which form ionic interactions with the negatively charged
phosphates.



Cells and extracellular fluids in organisms contain small concentrations of
nucleosides, combinations of a base and a sugar without a phosphate. Nucleotides are
nucleosides that have one, two, or three phosphate groups esterified at the 5
hydroxyl.

Nucleoside monophosphates have a single esterified phosphate
diphosphates contain a pyrophosphate group: and triphosphates have a third

phosphate. The nucleoside triphosphates are used in the synthesis of nucleic acids.
Among their other functions in the cell, GTP participates in intracellular signaling

and acts as an energy reservoir, particularly in protein synthesis, and ATP, discussed
later in this chapter, is the most widely used biological energy carrier.

DNA polynucleotide strand

RNA polynucleotide strand
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Figure 24 The structure of DNA and RNA. DNA consists of two polynucleotide

chaines that are antiparalel and complementary. RNA consists of a single
nucleotide chain.

These macromolecules (1) contain the information for determining the amino
acid sequence and hence the structure and function of all the proteins of a cell, (2) are
part of the cellular structures that select and align amino acids in the correct order as
a polypeptide chain is being synthesized, and (3) catalyze a number of fundamental

chemical reactions in cells, including formation of peptide bonds between amino
acids during protein synthesis.
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Figure 25 End-to-end chemical orientation: the 5end has a hydroxyl or
phosphate group on the 5 carbon of its terminal sugar; the 3end usually has a
hydroxyl group on the 3 carbon of its terminal sugar

Deoxyribonucleic acid (DNA) contains all the information required to build
the cells and tissues of an organism. The exact replication of this information in any
species assures its genetic continuity from generation to generation and is critical to
the normal development of an individual. The information stored in DNA is arranged
in hereditary units, now known as genes, which control identifiable traits of an
organism. In the process of transcription, the information stored in DNA is copied
into ribonucleic acid (RNA), which has three distinct roles in protein synthesis.
Messenger RNA (mRNA) carries the instructions from DNA that specify the correct
order of amino acids during protein synthesis. The remarkably accurate, stepwise
assembly of amino acids into proteins occurs by translation of mRNA. In this
process, the information in mRNA is interpreted by a second type of RNA called
transfer RNA (tRNA) with the aid of a third type of RNA, ribosomal RNA (rRNA),
and its associated proteins. As the correct amino acids are brought into sequence by
tRNAs, they are linked by peptide bonds to make proteins. Discovery of the structure
of DNA in 1953 and subsequentelucidation of how DNA directs synthesis of RNA,
which then directs assembly of proteins — he so-called central dogma — were
monumental achievements marking the early days of molecular biology (Fig 31).
However, the simplified representation of the central dogma as DNA nRNA protein
does not reflect the role of proteins in the synthesis of nucleic acids. Moreover, as
discussed in later chapters, proteins are largely responsible for regulating gene
expression, the entire process whereby the information encoded in DNA is decoded
into the proteins that characterize various cell types.

Structure of nucleic acids

DNA and RNA are chemically very similar. The primary structures of both are
linear polymers composed of monomers called nucleotides. Cellular RNAs range in
length from less than one hundred to many thousands of nucleotides. Cellular DNA
molecules can be as long as several hundred million nucleotides. These large DNA
units in association with proteins can be stained with dyes and visualized in the light
microscope as chromosomes, so named because of their stainability.

A nucleic acid strand is a linear polymer with end-to-end directionality



DNA and RNA each consist of only four different nucleotides. Recall from
previous that all nucleotides consist of an organic base linked to a five-carbon sugar
that has a phosphate group attached to carbon 5. In RNA, the sugar is ribose; in DNA,
deoxyribose (see Fig 24). The nucleotides used in synthesis of DNA and RNA
contain five different bases. The bases adenine (A) and guanine (G) are purines,
which con- tain a pair of fused rings; the bases cytosine (C), thymine (T), and uracil
(V) are pyrimidines, which contain a single ring (see Fig 22). Both DNA and RNA
contain three of these bases — A, G, and C; however, T is found only in DNA, and U
only in RNA. (Note that the single-letter abbreviations for these bases are also
commonly used to denote the entire nucleotides in nucleic acid polymers.) A single
nucleic acid strand has a backbone composed of repeating pentose-phosphate units
from which the purine and pyrimidine bases extend as side groups. Like a
polypeptide, a nucleic acid strand has an end-to-end chemical orientation: the 5 end
has a hydroxyl or phosphate group on the 5_ carbon of its terminal sugar; the 3 end
usually has a hydroxyl group on the 3 carbon of its terminal sugar (Fig 25). The
chemical linkage between adjacent nucleotides, commonly called a phosphodiester
bond, actually consists of two phosphoester bonds, one on the 5 side of the
phosphate and another on the 3_ side. The linear sequence of nucleotides linked by
phosphodiester bonds constitutes the primary structure of nucleic acids. Like
polypeptides, polynucleotides can twist and fold into three-dimensional
conformations stabilized by noncovalent bonds. Although the primary structures of
DNA and RNA are generally similar, their three-dimensional conformations are quite
different. These structural differences are critical to the different functions of the two
types of nucleic acids.

Table 6. The structures of DNA and RNA compared

Characteristic DNA RNA
Composed of nucleotides Yes Yes

Type of sugar Deoxyribose |Ribose
Presence of 2'-OH group No Yes

Bases AGCT A G CU
Nucleotides joined by phosphodiester bonds Yes Yes

Double or single stranded Usually Usually single
Secondary structure Double helix |Many types
Stability Quite stable  |Easily degraded

Native DNA is a double helix of complementary antiparallel strands

The modern era of molecular biology began in 1953 when James D. Watson
and Francis H. C. Crick proposed that DNA has a double-helical structure. Their
proposal, based on analysis of x-ray diffraction patterns coupled with careful model



building, proved correct and paved the way for our modern understanding of how
DNA functions as the genetic material. DNA consists of two associated
polynucleotide strands that wind together to form a double helix. The two
sugarphosphate backbones are on the outside of the double helix, and the bases
project into the interior. The adjoining bases in each strand stack on top of one
another in parallel planes.The orientation of the two strands is antiparallel; that is,
their 5 _n3_ directions are opposite. The strands are held in precise register by
formation of base pairs between the two strands: A is paired with T through two
hydrogen bonds; G is paired with C through three hydrogen bonds .This base-pair
complementarity is a consequence of the size, shape, and chemical composition of
the bases.

Space-filling model of B DNA, the most common form of DNA in cells. The
bases (light shades) project inward from the sugar-phosphate backbones (dark red and
blue) of each strand, but their edges are accessible through major and minor grooves.
Arrows indicate the 5°’n3’ direction of each strand. Hydrogen bonds between the
bases are in the center of the structure. The major and minor grooves are lined by
potential hydrogen bond donors and acceptors. (b) Chemical structure of DNA
double helix. This extended schematic shows the two sugar-phosphate backbones and
hydrogen bonding between the Watson-Crick base pairs, A_T and G_C.
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FIGURE 27 Contra parallel
DNA structure

FIGURE 26 The DNA double helix



FIGURE 28 Hydrogen copulas are between komplementarnimi nitrous bases

In natural DNA, A always hydrogen bonds with T and G with C, forming A-T
and G-C base pairs as shown in Fig 28. These associations between a larger purine
and smaller pyrimidine are often called Watson-Crick base pairs. Two polynucleotide
strands, in which all the nucleotides form such base pairs are said to be
complementary. However, in theory and in synthetic DNAs other base pairs can
form. For example, a guanine (a purine) could theoretically form hydrogen bonds
with a thymine (a pyrimidine), causing only a minor distortion in the helix. The space
available in the helix also would allow pairing between the two pyrimidines cytosine
and thymine. Although the nonstandard G-T and C-T base pairs are normally not
found in DNA, G-U base pairs are quite common in double-helical regions that form
within otherwise single-stranded RNA. Most DNA in cells is a right-handed helix.
The x-ray diffraction pattern of DNA indicates that the stacked bases are regularly
spaced 0.36 nm apart along the helix axis. The helix makes a complete turn every 3.6
nm; thus there are about 10.5 pairs per turn. This is referred to as the B form of DNA,
the normal form present in most DNA stretches in cells. On the outside of B-form
DNA, the spaces between the intertwined strands form two helical grooves of
different widths described as the major groove and the minor groove (see Fig 10). As
a consequence, the atoms on the edges of each base within these grooves are
accessible from outside the helix, forming two types of binding surfaces. DNA
binding proteins can “read” the sequence of bases in duplex DNA by contacting
atoms in either the major or the minor grooves. In addition to the major B form, three
additional DNA structures have been described. Two of these are compared to B
DNA. In very low humidity, the crystallographic structure of B DNA changes to the
A form; RNADNA and RNA-RNA helices exist in this form in cells and in vitro.
Short DNA molecules composed of alternating purinepyrimidine nucleotides
(especially Gs and Cs) adopt an alternative left-handed configuration instead of the
normal right-handed helix. This structure is called Z DNA because the bases seem to
zigzag when viewed from the side. Some evidence suggests that Z DNA may occur in



cells, although its function is unknown. Finally, a triple-stranded DNA structure is
formed when synthetic polymers of poly(A) and polydeoxy(U) are mixed in the test
tube. In addition, homopolymeric stretches of DNA composed of C and T residues in
one strand and A and G residues in the other can form a triple-stranded structure by
binding matching lengths of synthetic poly(C_T). Such structures probably do not
occur naturally in cells but may prove useful as therapeutic agents.

FIGURE 29 Models of various known DNA structures

The sugar-phosphate backbones of the two strands, which are on the outside
in all structures, are shown in red and blue; the bases (lighter shades) are oriented
inward. (a) The B form of DNA has =10.5 base pairs per helical turn. Adjacent
stacked base pairs are 0.36 nm apart. (b) The more compact A form of DNA has 11
base pairs per turn and exhibits a large tilt of the base pairs with respect to the helix
axis. (c) Z DNA is a left-handed double helix.

FIGURE 30 Models of various DNA structures



Table 7. Characteristics of DNA secondary structures

Characteristic A-DNA B-DNA Z-DNA

Conditions required to 75% H,0 92% H,0 Alt(_arn_at_mg purine and

produce structure pyrimidine bases

Helix direction Right-handed  |Right-handed |Left-handed

Average base pairs per turn |11 10 12

Rotation per base pair 32.7° 36°-30°

Distance between adjacent [0.26 nm 0.34 nm 0.37 nm

Diameter 2.3 nm 1.9nm 1.8 nm

Overall shape Short and wide Long and Elongated and narrow
narrow

By far the most important modifications in the structure of standard B-form
DNA come about as a result of protein binding to specific DNA sequences. Although
the multitude of hydrogen and hydrophobic bonds between the bases provide stability
to DNA, the double helix is flexible about its long axis. Unlike the _ helix in proteins,
there are no hydrogen bonds parallel to the axis of the DNA helix. This property
allows DNA to bend when complexed with a DNA-binding protein. Bending of DNA
Is critical to the dense packing of DNA in chromatin, the protein-DNA complex in
which nuclear DNA occurs in eukaryotic cells.

Summery of nucleic acids structure

m Deoxyribonucleic acid (DNA), the genetic material, carries information to specify
the amino acid sequences of proteins. It is transcribed into several types of
ribonucleic acid (RNA), including messenger RNA (mRNA), transfer RNA (tRNA),
and ribosomal RNA (rRNA), which function in protein synthesis.

m Both DNA and RNA are long, unbranched polymers of nucleotides, which consist
of a phosphorylated pentose linked to an organic base, either a purine or pyrimidine,

m The purines adenine (A) and guanine (G) and the pyrimidine cytosine (C) are
present in both DNA and RNA. The pyrimidine thymine (T) present in DNA is
replaced by the pyrimidine uracil (U) in RNA.

m Adjacent nucleotides in a polynucleotide are linked by hosphodiester bonds. The
entire strand has a chemical directionality: the 5 end with a free hydroxyl or
phosphate group on the 5_ carbon of the sugar, and the 3_ end with a free hydroxyl
group on the 3_ carbon of the sugar.

m Natural DNA (B DNA) contains two complementary antiparallel polynucleotide
strands wound together into a regular right-handed double helix with the bases on the
in- Basic Molecular Genetic Mechanisms side and the two sugar-phosphate
backbones on the outside (see Figure 22-23). Base pairing between the strands and
hydrophobic interactions between adjacent bases in the same strand stabilize this
native structure.



m The bases in nucleic acids can interact via hydrogen bonds. The standard \Watson-
Crick base pairs are G-C, A-T (in DNA), and A-U (in RNA). Base pairing stabilizes
the native three-dimensional structures of DNA and RNA.

m Binding of protein to DNA can deform its helical structure, causing local bending
or unwinding of the DNA molecule.

m Heat causes the DNA strands to separate (denature). The melting temperature Tm
of DNA increases with the percentage of G-C base pairs. Under suitable conditions,
separated complementary nucleic acid strands will renature.

m Circular DNA molecules can be twisted on themselves, forming supercoils .
Enzymes called topoisomerases can relieve torsional stress and remove supercoils
from circular DNA molecules.

m Cellular RNAs are single-stranded polynucleotides, some of which form well-
defined secondary and tertiary structures. Some RNAs, called ribozymes, have
catalytic activity.

Transcription of protein-coding genes and formation of functional mMRNA

The simplest definition of a gene is a “unit of DNA that contains the
information to specify synthesis of a single polypeptide chain or functional RNA
(such as a tRNA).” The vast majority of genes carry information to build protein
molecules, and it is the RNA copies of such protein-coding genes that constitute the
MRNA molecules of cells. The DNA molecules of small viruses contain only a few
genes, whereas the single DNA molecule in each of the chromosomes of higher
animals and plants may contain several thousand genes. During synthesis of RNA,
the four-base language of DNA containing A, G, C, and T is simply copied, or trans-
cribed, into the four-base language of RNA, which is identical except that U replaces
T. In contrast, during protein synthesis the four-base language of DNA and RNA is
translated into the 20—amino acid language of proteins. In this section we focus on
formation of functional MRNAs from protein-coding genes. A similar process yields
the precursors of rRNAs and tRNAs encoded by rRNA and tRNA genes; these
precursors are then further modified to yield functional rRNAs and tRNAs .

A Template DNA Strand Is Transcribed into a Complementary RNA Chain by
RNA Polymerase During transcription of DNA, one DNA strand acts as a template,
determining the order in which ribonucleoside triphosphate (rNTP) monomers are
polymerized to form a complementary RNA chain. Bases in the template DNA strand
base-pair with complementary incoming rNTPs, which then are joined in a
polymerization reaction catalyzed by RNA polymerase. Polymerization involves a
nucleophilic attack by the 3_ oxygen in the growing RNA chain on the phosphate of
the next nucleotide precursor to be added, resulting in formation of a phosphodiester
bond and release of pyrophosphate (PPi). As a consequence of this mechanism, RNA
molecules are always synthesized in the 5 n3_ direction. The energetics of the
polymerization reaction strongly favors addition of ribonucleotides to the growing
RNA chain because the high-energy bond between the _and _ phosphate of rNTP



monomers is replaced by the lower-energy phosphodiester bond between nucleotides.
The equilibrium for the reaction is driven further toward chain elongation by
pyrophosphatase, an enzyme that catalyzes cleavage of the released PPi into two
molecules of inorganic phosphate. Like the two strands in DNA, the template DNA
strand and the growing RNA strand that is base-paired to it have opposite 5 n3_
directionality. By convention, the site at which RNA polymerase begins transcription
iIs numbered _1. Downstream denotes the direction in which a template DNA strand
Is transcribed (or mRNA translated); thus a downstream sequence is toward the 3
end relative to the start site, considering the DNA strand with the same polarity as the
transcribed RNA. Upstream denotes the opposite direction. Nucleotide positions in
the DNA sequence downstream from a start site are indicated by a positive () sign;
those upstream, by a negative (_) sign.

Stages in transcription To carry out transcription, RNA polymerase performs
several distinct functions, as depicted in Figure 4-10. During transcription initiation,
RNA polymerase recognizes and binds to a specific site, called a promoter, in
double-stranded DNA (step 1). Nuclear RNA polymerases require various protein
factors, called general transcription factors, to help them locate promoters and
Initiate transcription. After binding to a promoter, RNA polymerase melts the DNA
strands in order to make the bases in the template strand available for base pairing
with the bases of the ribonucleoside triphosphates that it will polymerize together.
Cellular RNA polymerases melt approximately 14 base pairs of DNA around the
transcription start site, which is located on the template strand within the promoter.
Transcription initiation is considered complete when the first two ribonucleotides of
an RNA chain are linked by a phosphodiester bond. After several ribonucleotides
have been polymerized, RNA polymerase dissociates from the promoter DNA and
general transcription factors. During the stage of strand elongation, RNA polymerase
moves along the template DNA one base at a time, opening the double-stranded DNA
in front of its direction of movement and hybridizing the strands behind.

Basic molecular genetic mechanisms

One ribonucleotide at a time is added to the 3_ end of the growing (nascent) RNA
chain during strand elongation by the polymerase. The enzyme maintains a melted
region of approximately 14 base pairs, called the transcription bubble.
Approximately eight nucleotides at the 3_ end of the growing RNA strand remain
base-paired to the template DNA strand in the transcription bubble. The elongation
complex, comprising RNA polymerase, template DNA, and the growing (nascent)
RNA strand, is extraordinarily stable. For example, RNA polymerase transcribes the
longest known mammalian genes, containing =2 106 base pairs, without
dissociating from the DNA template or releasing the nascent RNA. Since RNA
synthesis occurs at a rate of about 1000 nucleotides per minute at 37 _C, the
elongation complex must remain intact for more than 24 hours to assure continuous
RNA synthesis.

During transcription termination, the final stage in RNA synthesis, the
completed RNA molecule, or primary transcript, is released from the RNA
polymerase and the polymerase dissociates from the template DNA. Specific



sequences in the template DNA signal the bound RNA polymerase to terminate
transcription. Once released, an RNA polymerase is free to transcribe the same gene

again or another gene.
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FIGURE 31

The "central dogma" of molecular genetics: DNA codes for RNA,
and RNA codes for protein. The DNA ~ RNA step is transeription

and the RNA ~  protein step is translation.

Structure of RNA polymerases The RNA polymerases of bacteria, archaea, and
eukaryotic cells are fundamentally similar in structure and function. Bacterial RNA
polymerases are composed of two related large subunits (__and ), two copies of a
smaller subunit (), and one copy of a fifth subunit () that is not essential for
transcription or cell viability but stabilizes the enzyme and assists in the assembly of
its subunits. Archaeal and eukaryotic RNA polymerases have several additional small
subunits associated with this core complex. Schematic dia- Transcription of Protein-
Coding Genes and Formation of Functional mRNA grams of the transcription
process generally show RNA polymerase bound to an unbent DNA molecule.
However, according to a current model of the interaction between bacterial RNA
polymerase and promoter DNA, the DNA bends sharply following its entry into the
enzyme.
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Figure 32 Organization of genes differs in prokaryoticand eukaryotic DNA

Having outlined the process of transcription, we now briefly consider the large-
scale arrangement of information in DNA and how this arrangement dictates the
requirements for RNA synthesis so that information transfer goes smoothly. In recent
years, sequencing of the entire genomes from several organisms has revealed not
only large variations in the number of protein-coding genes but also differences in
their organization in prokaryotes and eukaryotes.

The most common arrangement of protein-coding genes in all prokaryotes has
a powerful and appealing logic: genes devoted to a single metabolic goal, say, the
synthesis of the amino acid tryptophan, are most often found in a contiguous array in
the DNA. Such an arrangement of genes in a functional group is called an operon,
because it operates as a unit from a single promoter. Transcription of an operon
produces a continuous strand of mMRNA that carries the message for a related series of
proteins. Each section of the mRNA represents the unit (or gene) that encodes one of
the proteins in the series. In prokaryotic DNA the genes are closely packed with very
few noncoding gaps, and the DNA is transcribed directly into colinear mRNA, which
then is translated into protein.This economic clustering of genes devoted to a single
metabolic function does not occur in eukaryotes, even simple ones like yeasts, which
can be metabolically similar to bacteria. Rather, eukaryotic genes devoted to a single
pathwayare most often physically separated in the DNA,; indeed such genes usually
are located on different chromosomes. Each gene is transcribed from its own
promoter, producing one mMRNA, which generally is translated to yield a single

polypeptide.

When researchers first compared the nucleotide sequences of eukaryotic
MRNAs from multicellular organisms with the DNA sequences encoding them, they
were surprised to find that the uninterrupted protein-coding sequence of a given
MRNA was broken up (discontinuous) in its corresponding section of DNA. They
concluded that the eukaryotic gene existed in pieces of coding sequence, the exons,
separated by non-protein-coding segments, the introns. This astonishing finding
implied that the long initial primary transcript — the RNA copy of the entire
transcribed DNA sequence — had to be clipped apart to remove the introns andthen
carefully stitched back together to produce manyeukaryotic mRNAs.



Although introns are common in multicellular eukaryotes, they are extremely
rare in bacteria.

FIGURE 33 Current model of bacterial RNA polymerase bound to a promoter

This structure corresponds to the polymerase molecule as schematically shown
in Fig 33. The DNA template and nontemplate strands are shown, respectively, as
gray and pink ribbons. Numbers indicate positions in the DNA sequence relative to
the transcription start site, with positive (+) numbers in the direction of transcription
and negative (-) numbers in the opposite direction. uncommon in many unicellular
eukaryotes such as baker’s yeast. However, introns are present in the DNA of viruses
that infect eukaryotic cells. Indeed, the presence of introns was first discovered in
such viruses, whose DNA is transcribed by host-cell enzymes.



Laboratory work Ne5

Subject: Basic mechanisms of the inherited information realization. Gene structure.
Transcription. Synthesis of protein.

Purpose: To learn the basic mechanisms of the inherited information realization and
its control.

Equipment: Charts of transcription, processing, splicing, and translation.

Explanation of work:

Existence of inherited information units which can be separated one from other
was guessed by Mendel in 1865 year. Gregor Mendel named them the factors of
heredity. A ,,gene” entered a term logansen in 1909 year. In spite of almost 100 years
after introduction of this term, he causes the permanent discussions of scientists.
After works of Bidl and Tatum under a term a gene was understood area of molecule
of DNA, which determines formation of one enzyme (,,one gene is one enzyme”).
Then this thesis was specified and took a form: ,,one gene is one mominenTUIHUMA
chain”.

The inherited information, written in DNA, will be realized through I-RNK to
the albumen. This way of O Krik named the ,,Central dogma of molecular biology it
was considered Long time, that an inherited information transfer in reverse direction
Is impossible. In 1970 year of G.Timin and S. Muzatani opened the phenomenon of
3BOPOTHHOI transcription. By the enzyme of reverse transryptaza (revertaza) in RNK-
VMISNIKH of viruses genetic information is passed from RNAS to DNA. In 1975
year of R.Dul'beko, G.Timin, D.Baltimor described the similar phenomenon in the
cages of amphibians. Coming from it, the central dogma of molecular biology can be
presented as follows:

Eukaryotic precursor mRNAs are processed to form functional mRNAs

In prokaryotic cells, which have no nuclei, translation of an mRNA into protein
can begin from the 5 end of the mRNA even while the 3 end is still being
synthesized by RNA polymerase. In other words, transcription and translation can
occur concurrently in prokaryotes. In eukaryotic cells, however, not only is the
nucleus separated from the cytoplasm where translation occurs, but also the primary
transcripts of protein-coding genes are precursor mMRNAs (pre-mRNAs) that must
undergo several modifications, collectively termed RNA processing, to yield a
functional mRNA (see Fig 34).
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Figure 34 RNA has a primary and a secondary structure

This mMRNA then must be exported to the  Basic Molecular Genetic
Mechanisms cytoplasm before it can be translated into protein. Thus transcription and
translation cannot occur concurrently in eukaryotic cells.

All eukaryotic pre-mRNAs initially are modified at the two ends, and these
modifications are retained in MRNAs. As the 5_ end of a nascent RNA chain emerges
from the surface of RNA polymerase I, it is immediately acted on by several
enzymes that together synthesize the 5 cap, a 7-methylguanylate that is connected to
the terminal nucleotide of the RNA by an unusual 5 ,5 triphosphate linkage. The
cap protects an mRNA from enzymatic degradation and assists in its export to the
cytoplasm. Thecap also is bound by a protein factor required to begin translationin
the cytoplasm.Processing at the 3_ end of a pre-mRNA involves cleavage by an
endonuclease to yield a free 3_-hydroxyl group to which a string of adenylic acid
residues is added one at a time by an enzyme called poly(A) polymerase. The
resulting poly(A) tail contains 100-250 bases, being shorter in yeasts and
invertebrates than in vertebrates. Poly(A) polymerase is part of a complex of proteins
that can locate and cleave atranscript at a specific site and then add the correct
numberof A residues, in a process that does not require a template. The final step in
the processing of many different eukaryotic mMRNA molecules is RNA splicing: the



internal cleavage of a transcript to excise the introns, followed by ligation of the
coding exons.
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Figure 36 Uracil structure

Figure 35 RNA structure

The functional eukaryotic mMRNAs produced by RNA processing retain noncoding
regions, referred to as 5 and 3_ untranslated regions (UTRs), at each end. In
mammalian mRNAs, the 5 UTR may be a hundred or more nucleotides long, and
the 3_ UTR may be several kilobases in length. Prokaryotic mMRNAs also usually
have 5 and 3_ UTRs, but these are much shorter than those in eukaryotic mRNAs,
generally containing fewer than 10 nucleotides.

Alternative RNA splicing increases the number of proteins expressed from
a single eukaryotic gene

In contrast to bacterial and archaeal genes, the vast majority of genes in higher,
multicellular eukaryotes contain multiple introns. Many proteins from higher
eukaryotes have a multidomain tertiary structure. Individual repeated protein domains
often are encoded by one exon or a small number of exons that code for identical or
nearly identical amino acid sequences. Such repeated exons are thought to have
evolved by the accidental multiple duplication of a length of DNA lying between two
sites in adjacent introns, resulting in insertion of a string of repeated exons, separated
by introns, between the original two introns. The presence of multiple introns in
many eukaryotic genes permits expression of multiple, related proteins from a single
gene by means of alternative splicing. In higher eukaryotes, alternative splicing is an
important mechanism for production of different forms of a protein, called isoforms,
by different types of cells. Fibronectin, a multidomain extracellular adhesive protein
found in mammals, provides a good example of alternative splicing. The fibronectin
gene contains numerous exons, grouped into several regions corresponding to
specific domains of the protein. Fibroblasts produce fibronectin mRNAs that contain
exons EINIA and EIlIB; these exons encode amino acid sequences that bind tightly to
proteins in the fibroblast plasma membrane. Consequently, this fibronectin isoform
adheres fibroblasts to the extracellular matrix. Alternative splicing of the fibronectin
primary transcript in hepatocytes, the major type of cell in the liver, yields mMRNAs



that lack the EIIIA and EIIIB exons. As a result, the fibronectin secreted by
hepatocytes into the blood does not adhere tightly to fibroblasts or most other cell
types, allowing it to circulate. During formation of blood clots, however, the
fibrinbinding domains of hepatocyte fibronectin binds to fibrin, one of the principal
constituents of clots. The bound fibronectin then interacts with integrins on the
membranes of passing, activated platelets, thereby expanding the clot by addition of
platelets.More than 20 different isoforms of fibronectin have been identified, each
encoded by a different, alternatively spliced mRNA composed of a unique
combination of fibronectin gene exons. Recent sequencing of large numbers of
MRNAs « Basic Molecular Genetic Mechanisms isolated from various tissues and
comparison of their sequences with genomic DNA has revealed that nearly 60
percent of all human genes are expressed as alternatively spliced mRNAs. Clearly,
alternative RNA splicing greatly expands the number of proteins encoded by the
genomes of higher, multicellular organisms.

Transcription of protein-coding genes and formation of functional mRNA
key concepts:

+ Transcription of DNA is carried out by RNA polymerase, which adds one
ribonucleotide at a time to the 3_ end of a growing RNA chain. The sequence
of the template DNA strand determines the order in which ribonucleotides are
polymerized to form an RNA chain.

%+ During transcription initiation, RNA polymerase binds to a specific site in
DNA (the promoter), locally melts double-stranded DNA to reveal the
unpaired template strand, and polymerizes the first two nucleotides.

+ During strand elongation, RNA polymerase moves along the DNA, melting
sequential segments of the DNA and adding nucleotides to the growing RNA
strand.

+ When RNA polymerase reaches a termination sequence in the DNA, the
enzyme stops transcription, leading to release of the completed RNA and
dissociation of the enzyme from the template DNA.

+ In prokaryotic DNA, several protein-coding genes commonly are clustered
into a functional region, an operon, which is transcribed from a single promoter
into one MRNA encoding multiple proteins with related functions (see Figure).
Translation of a bacterial mMRNA can begin before synthesis of the mRNA is
complete.

%+ In eukaryotic DNA, each protein-coding gene is transcribed from its own
promoter. The initial primary tran- script very often contains noncoding
regions (introns) interspersed among coding regions (exons).

4+ Eukaryotic primary transcripts must undergo RNA processing to yield
functional RNAs. During processing, the ends of nearly all primary transcripts
from protein-coding genes are modified by addition of a5 _ cap and 3_ poly(A)
tail. Transcripts from genes containing introns undergo splicing, the removal of
the introns and joining of the exons.

#+ The individual domains of multidomain proteins found in higher eukaryotes
are often encoded by individual exons or a small number of exons. Distinct



iIsoforms of such proteins often are expressed in specific cell types as the result
of alternative splicing of exons.

Table 8. Components required for protein synthesis in bacterial cells

Stage Component Function
. Amino acids Building blocks of proteins

Binding of

amino acid tRNASs Deliver amino acids to ribosomes

to tRNA aminoacyl-tRNA synthetase | Attaches amino acids to tRNAs
ATP Provides enerav far hindina aminn
MRNA Carries coding instructions
fMet-tRNA™¢ Provides first amino acid in peptide

30S ribosomal subunit Attaches to mMRNA
Initiation 50S ribosomal subunit Stabilizes tRNAs and amino acids

Initiation factor 1 Enhances dissociation of large and
small subunits of ribosome

Binds GTP; delivers fMet-tRNA™ to
initiation codon

Initiation factor 2

Initiation factor 3

Functional ribosome with A, P, and E
sites and peptidyl transferase activity

70S initiation complex where protein synthesis takes place

Bring amino acids to ribosome and
Charged tRNAs : o
g help assemble them in order specified
_ Elongation factor Tu by mRNA
Elongation _
Elongation factor Ts Binds GTP and charged tRNA,

_ delivers charged tRNA to A site
Elongation factor G GTP

. Generates active elongation factor Tu
Peptidyl transferase

Stimulates movement of ribosome to
next codon

| PPN

Bind to ribosome when stop codon is

Termination |Release factors 1, 2, and 3 ) )
reached and terminate translation

Control of gene expression in prokaryotes key concepts:

+ Gene expression in both prokaryotes and eukaryotes is regulated primarily by
mechanisms that control the initiation of transcription.



+ Binding of the subunit in an RNA polymerase to a promoter region is the first
step in the initiation of transcription in E. coli. = Basic Molecular Genetic
Mechanisms

+ The nucleotide sequence of a promoter determines its strength, that is, how
frequently different RNA polymerase which overlap or lie adjacent to
promoters. Binding of repressor to an operator inhibits transcription initiation.

4+ The DNA-binding activity of most bacterial repressors is modulated by small
effector molecules (inducers). This allows bacterial cells to regulate
transcription of specific genes in response to changes in the concentration of
various nutrients in the environment.

+ The lac operon and some other bacterial genes also are regulated by activator
proteins that bind next to promoters and increase the rate of transcription
initiation by RNA polymerase.

+ The major sigma factor in E. coli is 70, but several other less abundant sigma
factors are also found, each recognizing different consensus promoter
sequences.

+ Transcription initiation by all E. coli RNA polymerases, except those
containing 54, can be regulated by repressors and activators that bind near the
transcription start site.

4+ Genes transcribed by 54-RNA polymerase are regulated by activators that bind
to enhancers located =100 base pairs upstream from the start site. When the
activator and 54-RNA polymerase interact, the DNA between their binding
sites forms a loop.

+ In two-component regulatory systems, one protein acts as a sensor, monitoring
the level of nutrients or other components in the environment. Under
appropriate conditions, the phosphate of an ATP is transferred first to a
histidine in the sensor protein and then to an aspartic acid in a second protein,
the response regulator. The phosphorylated response regulator then binds to
DNA regulatory sequences, thereby stimulating or repressing transcription of
specific genes.

Three roles of RNA in translation key concepts:

Although DNA stores the information for protein synthesis and mRNA conveys the
instructions encoded in DNA, most biological activities are carried out by proteins.
The linear order of amino acids in each protein determines its three-dimensional
structure and activity. For this reason, assembly of amino acids in their correct order,
as encoded in DNA, is critical to production of functional proteins and hence the
proper functioning of cells and organisms.

Translation is the whole process by which the nucleotide sequence of an mRNA is
used to order and to join the amino acids in a polypeptide chain. In eukaryotic cells,
protein synthesis occurs in the cytoplasm, where three types of RNA molecules come
together to perform different but cooperative functions:



1. Messenger RNA (mRNA) carries the genetic information transcribed from DNA
in the form of a series of three nucleotide sequences, called codons, each of which
specifies a particular amino acid.

2. Transfer RNA (tRNA) is the key to deciphering the codons in mRNA. Each type
of amino acid has its own subset of tRNASs, which bind the amino acid and carry it to
the growing end of a polypeptide chain if the next codon in the mRNA calls for it.
The correct tRNA with its attached amino acid is selected at each step because each
specific tRNA molecule contains a three-nucleotide sequence, an anticodon, that can
base-pair with its complementary codon in the mRNA.

3. Ribosomal RNA (rRNA) associates with a set of proteins to form ribosomes.
These complex structures, which physically move along an mRNA molecule,
catalyze the assembly of amino acids into polypeptide chains. They also bind tRNAs
and various accessory proteins necessary for protein synthesis. Ribosomes are
composed of a large A molecule or molecules.

* Three Roles of RNA in Translation. These three types of RNA participate in
translation in all cells. Indeed, development of three functionally distinct RNAs was
probably the molecular key to the origin of life. How the structure of each RNA
relates to its specific task is described in this section; how the three types work
together, along with required protein factors, to synthesize proteins is detailed in the
following section. Since translation is essential for protein synthesis, the two
processes commonly are referred to interchangeably. However, the polypeptide
chains resulting from translation undergo post-translational folding and often other
changes (e.g., chemical modifications, association with other chains) that are required
for production of mature, functional proteins.

Messenger RNA carries information from DNA in a three-letter genetic code

As noted above, the genetic code used by cells is a triplet code, with every
three-nucleotide sequence, or codon, being “read” from a specified starting point in
the mRNA. Of the 64 possible codons in the genetic code, 61 specify individual
amino acids and three are stop codons. Most amino acids are encoded by more than
one codon. Only two — methionine and tryptophan — have a single codon; at the other
extreme, leucine, serine, and arginine are each specified by six different codons. The
different codons for a given amino acid are said to be synonymous. The code itself is
termed degenerate, meaning that more than one codon can specify the same amino
acid. Synthesis of all polypeptide chains in prokaryotic and eukaryotic cells begins
with the amino acid methionine. In most mRNAs, the start (initiator) codon
specifying this aminoterminal methionine is AUG. In a few bacterial mRNAs, GUG
Is used as the initiator codon, and CUG occasionally is used as an initiator codon for
methionine in eukaryotes. The three codons UAA, UGA, and UAG do not specify
amino acids but constitute stop (termination) codons that mark the carboxyl terminus
of polypeptide chains in almost all cells. The sequence of codons that runs from a
specific
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FIGURE 37 Enzymes which take part in DNA replication

Basic Molecular Genetic Mechanisms start codon to a stop codon is called a
reading frame. This precise linear array of ribonucleotides in groups of three in
MRNA specifies the precise linear sequence of amino acids in a polypeptide chain
and also signals where synthesis of the chain starts and stops.

Because the genetic code is a comma-less, non-overlapping triplet code, a
particular mRNA theoretically could be translated in three different reading frames.
Indeed some mMRNASs have been shown to contain overlapping information that can
be translated in different reading frames, yielding different polypeptides.

The vast majority of mRNAs, however, can be read in only one frame because
stop codons encountered in the other two possible reading frames terminate
translation before a functional protein is produced. Another unusual coding
arrangement occurs because of frame- shifting. In this case the protein-synthesizing
machinery may read four nucleotides as one amino acid and then continue reading
triplets, or it may back up one base and read all succeeding triplets in the new frame
until termination of the chain occurs. These frame shifts are not common events, but
a few dozen such instances are known.

The meaning of each codon is the same in most known organisms — a strong
argument that life on earth evolved only once. However, the genetic code has been
found to differ for a few codons in many mitochondria, in ciliated protozoans, and in
Acetabularia, a single-celled plant. As shown in Table, most of these changes involve
reading of normal stop codons as amino acids, not an exchange of one amino acid for
another. These exceptions to the general code probably were later evolutionary deve-
lopments; that is, at no single time was the code immutably fixed, although massive
changes were not tolerated once a general code began to function early in evolution.

Three roles of RNA in translation the folded structure of tRNA promotes its
decoding functions key concepts:

Translation, or decoding, of the four-nucleotide language of DNA and mRNA
into the 20—amino acid language of proteins requires tRNAs and enzymes called
aminoacyl-tRNA synthetases. To participate in protein synthesis, a tRNA molecule
must become chemically linked to a particular amino acid via a high-energy bond,



forming an aminoacyl-tRNA; the anticodon in the tRNA then base-pairs with a
codon in mRNA so that the activated amino acid can be added to the growing
polypeptide chain.
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FIGURE 38 Co-operation in i RNA codon tRNA anticodon

Some 30-40 different tRNAs have been identified in bacterial cells and as
many as 50-100 in animal and plant cells. Thus the number of tRNAs in most cells is
more than the number of amino acids used in protein synthesis (20) and also differs
from the number of amino acid codons in the genetic code (61). Consequently, many
amino acids have more than one tRNA to which they can attach (explaining how
there can be more tRNAs than amino acids); in addition, many tRNAs can pair with
more than one codon (explaining how there can be more codons than tRNAS).

The function of tRNA molecules, which are 70-80 nucleotides long, depends
on their precise three-dimensional structures. In solution, all tRNA molecules fold
into a similar stem-loop arrangement that resembles a cloverleaf when drawn in two
dimensions (Figure 38). The four stems are short double helices stabilized by
Watson-Crick base pairing; three of the four stems have loops containing seven or
eight bases at their ends, while the remaining, unlooped stem contains the free 3_and
5 ends of the chain. The three nucleotides composing the anticodon are located at
the center of the middle loop, in an accessible position that facilitates codon-
anticodon base pairing. In all tRNAs, the 3_ end of the unlooped amino acid acceptor
stem has the sequence CCA, which in most cases is added after synthesis and
processing of the tRNA are complete. Several bases in most tRNAs also are modified
after synthesis. Viewed in three dimensions, the folded tRNA molecule has an L
shape withthe anticodon loop and acceptor stem forming the ends ofthe two arms.

Nonstandard base pairing often occurs between codons and anticodons

If perfect Watson-Crick base pairing were demanded between codons and
anticodons, cells would have to contain exactly 61 different tRNA species, one for
each codon that specifies on Basic Molecular Genetic Mechanisms amino acid. As
noted above, however, many cells contain fewer than 61 tRNAs. The explanation for
the smaller number lies in the capability of a single tRNA anticodon to recognize



more than one, but not necessarily every, codon corresponding to a given amino acid.
This broader recognition can occur because of nonstandard pairing between bases in
the so-called wobble position: that is, the third (3 ) base in an mMRNA codon and the
corresponding first (5_) base in its tRNA anticodon. The first and second bases of a
codon almost always form standard Watson-Crick base pairs with the third and
second bases, respectively, of the corresponding anticodon, but four nonstandard
interactions can occur between bases in the wobble position. Particularly important is
the G-U base pair, which structurally fits almost as well as the standard G-C pair.
Thus, a given anticodon in tRNA with G in the first (wobble) position can base-pair
with the two corresponding codons that have either pyrimidine (C or U) in the third
position. For example, the phenylalanine codons UUU and UUC (5 _n3 ) are both
recognized by the tRNA that has GAA (5 _n3 ) as the anticodon. In fact, any two
codons of the type NNPyr (N _ any base; Pyr _ pyrimidine) encode a single amino
acid and are decoded by a single tRNA with G in the first (wobble) position of the
anticodon.

FIGURE 39 Translation takes a place on the ribosoms due to in iRNA-codon
tRNA-anticodon co-operation

Although adenine rarely is found in the anticodon wobble position, many
tRNAs in plants and animals contain inosine

The Three Roles of RNA in Translation (1), a deaminated product of adenine,
at this position. Inosine can form nonstandard base pairs with A, C, and U. A tRNA
with inosine in the wobble position thus can recognize the corresponding mRNA
codons with A, C, or U in the third (wobble) position (see Figure 39). For this reason,
inosinecontaining tRNAs are heavily employed in translation of the synonymous
codons that specify a single amino acid. For example, four of the six codons for
leucine (CUA, CUC, CUU, and UUA) are all recognized by the same tRNA with the
anticodon 3 _-GAI-5_; the inosine in the wobble position forms nonstandard base
pairs with the third base in the four codons. In the case of the UUA codon, a
nonstandard G-U pair also forms between position 3 of the anticodon and position 1
of the codon.

Ribosomes are protein-synthesizing machines

If the many components that participate in translating mRNA had to interact in
free solution, the likelihood of simultaneous collisions occurring would be so low that



thrate of amino acid polymerization would be very slow. The efficiency of translation
Is greatly increased by the binding ofthe mRNA and the individual aminoacy I-tRNAs
to the mostabundant RNA-protein complex in the cell, the ribosome, which directs
elongation of a polypeptide at a rate of three to five amino acids added per second.
Small proteins 0f100-200 amino acids are therefore made in a minute or less.On the
other hand, it takes 2—-3 hours to make the largestknown protein, titin, which is found in
muscle and containsabout 30,000 amino acid residues. The cellular machine
thataccomplishes this task must be precise and persistent.With the aid of the electron
microscope, ribosomes were first discovered as small, discrete, RNA-rich particles in
cellsthat secrete large amounts of protein. However, their role inprotein synthesis was
not recognized until reasonably pureribosome preparations were obtained. In vitro
radiolabelingexperiments with such preparations showed that radioactiveamino acids
first were incorporated into growing polypeptidechains that were associated with
ribosomes before appearing in finished chains.A ribosome is composed of three (in
bacteria) or four (in eukaryotes) different rRNA molecules and as many as 83 proteins,
organized into a large subunit and a small subunit (Figure 39, 40).

Basic Molecular Genetic Mechanism strifuged under standard conditions. The
small ribosomal subunit contains a single rRNA molecule, referred to as small rRNA.
The large subunit contains a molecule of large rRNAand one molecule of 5S rRNA,
plus an additional moleculeof 5.8S rRNA in vertebrates. The lengths of the rRNA
molecules, the quantity of proteins in each subunit, and consequently the sizes of the
subunits differ in bacterial andeukaryotic cells. The assembled ribosome is 70S in
bacteria and 80S in vertebrates. But more interesting than these differences are the
great structural and functional similaritiesbetween ribosomes from all species. This
consistency is anotherreflection of the common evolutionary origin of themost basic
constituents of living cells.The sequences of the small and large rRNAs from
severalthousand organisms are now known. Although the primarynucleotide
sequences of these rRNAs vary considerably, thesame parts of each type of rRNA
theoretically can form basepairedstem-loops, which would generate a similar
threedimensional structure for each rRNA in all organisms. Theactual three-
dimensional structures of bacterial rRNAs from Thermus thermopolis recently have
been determined by xray crystallography of the 70S ribosome. The multiple, much
smaller ribosomal proteins for the most part are associated with the surface of the
rRNAs. Although the number of protein molecules in ribosomes greatly exceeds the
number of RNA molecules, RNA constitutes about 60 percent of the mass of a
ribosome. During translation, a ribosome moves along an mRNA chain, interacting
with various protein factors and tRNAs and very likely undergoing large
conformational changes. Despite the complexity of the ribosome, great progress has
been made in determining the overall structure of bacterial ribosomes and in
identifying various reactive sites. X-ray crystallographic studies on the T.
thermophilus 70S ribosome, for instance, not only have revealed the dimensions and
overall shape of the ribosomal subunits but also have localized the positions of
tRNAs bound to the ribosome during elongation of a growing protein chain. In
addition, powerful chemical techniques such as footprinting, which is described in
Chapter 11, have been used to identify specific nucleotide sequences in rRNAs that
bind to protein or another RNA. Some 40 years after the initial discovery of



ribosomes, their overall structure and functioning during protein synthesis are finally
becoming clear, as we describe in the next section.

Three roles of RNA in translation key concepts:

4+ Genetic information is transcribed from DNA into mRNA in the form of a
comma-less, overlapping, degenerate triplet code.

+ Each amino acid is encoded by one or more threenucleotide sequences
(codons) in mRNA. Each codon specifies one amino acid, but most amino
acids are encoded by multiple codons.

#+ The AUG codon for methionine is the most common start codon, specifying
the amino acid at the NH2-terminus of a protein chain. Three codons (UAA,
UAG, UGA) functionas stop codons and specify no amino acids.

+ A reading frame, the uninterrupted sequence of codons in mMRNA from a
specific start codon to a stop codon, is translated into the linear sequence of
amino acids in a polypeptide chain.

4+ Decoding of the nucleotide sequence in mRNA into the amino acid sequence
of proteins depends on tRNAs and aminoacyl-tRNA synthetases.

+ All tRNAs have a similar three-dimensional structure that includes an acceptor
arm for attachment of a specific amino acid and a stem-loop with a three-base
anticodon sequence at its ends. The anticodon can base-pair with its
corresponding codon in mRNA.

+ Because of nonstandard interactions, a tRNA may base pair with more than one
MRNA codon; conversely, a particular codon may base-pair with multiple
tRNAs. In each Stepwise Synthesis of Proteins on Ribosomes case, however,
only the proper amino acid is inserted into a growing polypeptide chain.

+ Each of the 20 aminoacyl-tRNA synthetases recognizes a single amino acid
and covalently links it to a cognate tRNA, forming an aminoacyl-tRNA. This
reaction activates the amino acid, so it can participate in peptide bond
formation.

+ Both prokaryotic and eukaryotic ribosomes — the large ribonucleoprotein
complexes on which translation occurs — consist of a small and a large subunit/
Each subunit contains numerous different proteins and one major rRNA
molecule (small or large). The large subunit also contains one accessory 5S
rRNA in bacteria and two accessory rRNAs in eukaryotes (5S and 5.8S in
vertebrates).

4+ Analogous rRNAs from many different species fold into quite similar three-
dimensional structures containing numerous stem-loops and binding sites for
proteins, mMRNA, and tRNAs. Much smaller ribosomal proteins are associated
with the periphery of the rRNAs.

Translation Initiation Usually Occurs Near the First AUG Closest to the 5 End
of an mRNA During the first stage of translation, a ribosome assembles, complexed
with an mRNA and an activated initiator tRNA, which is correctly positioned at the
start codon. Large and small ribosomal subunits not actively engaged in translation
are rthn apart by binding of two inition factors.
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FIGURE 40 Low-resolution model of E. coli 70S ribosome

Model of a 70S ribosome based on the computer-derived images and on che-
mical cross-linking studies. Three tRNAs are superimposed on the A (pink), P
(green), and E (yellow) sites. The nascent polypeptide chain is buried in a tunnel in
the large ribosomal subunit that begins close to the acceptor stem of the tRNA in the
P site.

Translation is terminated by release factors when a stop codon is reached

The final stage of translation, like initiation and elongation, requires highly
specific molecular signals that decide the fate of the mRNA-ribosome-tRNA-
peptidyl complex. Two types of specific protein release factors (RFs) have been
discovered.

Eukaryotic eRF1, whose shape is similar to that of tRNAs, apparently acts by
binding to the ribosomal A site and recognizing stop codons directly. Like some of
the initiation and elongation factors discussed previously, the second eukaryotic
release factor, eRF3, is a GTP-binding protein. The eRF3_GTP acts in concert with
eRF1 to promote cleavage of the peptidyl-tRNA, thus releasing the completed protein
chain. Bacteria have two release factors (RF1 and RF2) that are functionally
analogous to eRF1 and a GTP-binding factor (RF3) that is analogous to eRF3. After
its release from the ribosome, a newly synthesized protein folds into its native three-
dimensional conformation, a process facilitated by other proteins called chaperones.
Additional release factors then promote dissociation of the ribosome, freeing the
subunits, MRNA, and terminal tRNA for another round of translation.

We can now see that one or more GTP-binding proteins participate in each
stage of translation. These proteins belong to the GTPase superfamily of switch
proteins that cycle between a GTP-bound active form and GDP-bound inactive form.
Hydrolysis of the bound GTP is thought to cause conformational changes in the
GTPase itself or other associated proteins that are critical to various complex
molecular processes. In translation initiation, for instance, hydrolysis of elF2_GTP to



elF2_GDP prevents further scanning of the mRNA once the start site is encountered
and allows binding of the large ribosomal subunit to the small subunit.
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FIGURE 41 Scopes of read-out
Stepwise synthesis of proteins on ribosomes

4+ Of the two methionine tRNAs found in all cells, only one (tRNAi Met)
functions in initiation of translation.

4+ Each stage of translation — initiation, chain elongation, and termination —
requires specific protein factors including GTP-binding proteins that hydrolyze
their bound GTP to GDP when a step has been completed successfully.

+ During initiation, the ribosomal subunits assemble near the translation start
site in an MRNA molecule with the tRNA carrying the amino-terminal
methionine (Met-tRNAi Met) base-paired with the start codon.

4+ Chain elongation entails a repetitive four-step cycle: loose binding of an
incoming aminoacyl-tRNA to the A site on the ribosome; tight binding of the
correct aminoacyl-tRNA to the A site accompanied by release of the previously
used tRNA from the E site; transfer of the growing peptidyl chain to the
incoming amino acid catalyzed by large rRNA; and translocation of the
ribosome to the next codon, thereby moving the peptidyl-tRNA in the A site to
the P site and the now unacylated tRNA in the P site to the E site.

%+ In each cycle of chain elongation, the ribosome undergoes two conformational
changes monitored by GTP-binding proteins. The first permits tight binding of
the incoming aminoacyl-tRNA to the A site and ejection of a tRNA from the E
site, and the second leads to translocation.

#+ Termination of translation is carried out by two types of termination factors:
those that recognize stop codons and those that promote hydrolysis of peptidyl-
tRNA .

The efficiency of protein synthesis is increased by the simultaneous translation
of a single mRNA by multiple ribosomes. In eukaryotic cells, protein-mediated
Interactions.

Overview Animation: Life Cycle of an mRNA brings two ends of a
polyribosome close together, thereby promoting the rapid recycling of ribosomal
subunits, which further increases the efficiency of protein synthesis.

DNA Replication

Now that we have seen how genetic information encoded in the nucleotide
sequences of DNA is translated into the structures of proteins that perform most cell
functions, we can appreciate the necessity of the precise copying of DNA sequences
during DNA replication.

The regular pairing of bases in the double-helical DNA structure suggested to
Watson and Crick that new DNA strands are synthesized by using the existing



(parental) strands as templates in the formation of new, daughter strands
complementary to the parental strands.

This base-pairing template model theoretically could proceed either by a
conservative or a semiconservative mechanism. In a conservative mechanism, the two
daughter strands would form a new double-stranded (duplex) DNA molecule and the
parental duplex would remain intact. In a semiconservative mechanism, the parental
strands are permanently separated and each forms a duplex molecule with the
daughter strand base-paired to it.

DNA polymerases require a primer to initiate replication

Analogous to RNA, DNA is synthesized from deoxynucleoside 5 -
triphosphate precursors (ANTPs). Also like RNA synthesis, DNA synthesis always
proceeds in the 5 n3_ Basic Molecular Genetic Mechanisms direction because chain
growth results from formation of a phosphoester bond between the 3_ oxygen of a
growing strand and the _ phosphate of a dNTP. As discussed earlier, an RNA
polymerase can find an appropriate transcription start site on duplex DNA and initiate
the synthesis of an RNA complementary to the template DNA strand. In contrast,
DNA polymerases cannot initiate chain synthesis de novo; instead, they require a
short, preexisting RNA or DNA strand, called a primer, to begin chain growth. With
a primer base-paired to the template strand, a DNA polymerase adds
deoxynucleotides to the free hydroxyl group at the 3_ end of the primer as directed by
the sequence of the template strand:

Duplex DNA is unwound, and daughter strands are formed at the DNA
replication fork

In order for duplex DNA to function as a template during replication, the two
intertwined strands must be unwound, or melted, to make the bases available for base
pairing with the bases of the dNTPs that are polymerized into the newly synthesized
daughter strands. This unwinding of the parental DNA strands is by specific
helicases, beginning at unique segments in a DNA molecule called replication
origins, or simply origins. The nucleotide sequences of origins from different
organisms vary greatly, although they usually contain A_T-rich sequences. Once
helicases have unwound the parental DNA at an origin, a specialized RNA
polymerasecalled primase forms a short RNA primer complementary to the un-
wound template strands. The primer, still base-paired to its complementary DNA
strand, is then elongated by a DNA polymerase, thereby forming a new daughter
strand.

The DNA region at which all these proteins come together to carry out
synthesis of daughter strands is called the replication fork, or growing fork. As
replication proceeds, the growing fork and associated proteins move away from the
origin. As noted earlier, local unwinding of duplex DNA produces torsional stress,
which is relieved by topoisomerase I. In order for DNA polymerases to move along
and copy a duplex DNA, helicase must sequentially unwind the duplex and
topoisomerase must remove the supercoils that form. A major complication in the
operation of a DNA replication fork arises from two properties: the two strands of the



parental DNA duplex are antiparallel, and DNA polymerases (like RNA
polymerases) can add nucleotides to the growing new strands only in the 5 n3_
direction. Synthesis of one daughter strand, called the leading strand, can proceed
continuously from a single RNA primer in the 5_n 3_ direction, the same direction as
movement of the replication fork (Figure 42). The problem comes in synthesis of the
other daughter strand, called the lagging strand.

FIGURE 42 Schematic diagram of leading-strand and lagging-strand DNA
synthesis at a replication fork

Nucleotides are added by a DNA polymerase to each growing daughter strand
in the 5 _n3_ direction (indicated by arrowheads). The leading strand is synthesized
continuously from a single RNA primer (red) at its 5 end. The lagging strand is
synthesized discontinuously from multiple RNA primers that are formed periodically
as each new region of the parental duplex is unwound. Elongation of these primers
initially produces Okazaki fragments. As each growing fragment approaches the
previous primer, the primer is removed and the fragments are ligated. Repetition of
this process eventually results in synthesis of the entire lagging strand.

Because growth of the lagging strand must occur in the 5 n3_ direction,
copying of its template strand must somehow occur in the opposite direction from the
movement of the replication fork. A cell accomplishes this feat by synthesizing a new
primer every few hundred bases or so on the second parental strand, as more of the
strand is exposed by unwinding. Each of these primers, base-paired to their template
strand, is elongated in the 5 n3_ direction, forming discontinuous segments called
Okazaki fragments after their discoverer Reiji Okazaki. The RNA primer of each
Okazaki fragment is removed and replaced by DNA chain growth from the
neighboring Okazaki fragment; finally an enzyme called DNA ligase joins the
adjacent fragments.



Helicase, primase, DNA polymerases, and other proteins participate in DNA
replication

These multicomponent complexes permit the cell to carry out an ordered
sequence of events that accomplish essential cell functions. In the molecular machine
that replicates SV40 DNA, a hexamer of a viral protein called large T-antigen
unwinds the parental strands at a replication fork. All other proteins involved in SV40
DNA replication are provided by the host cell. Primers for leading and lagging
daughter-strand DNA are synthesized by a complex of primase, which synthesizes a
short RNA primer, and DNA polymerase _ (Pol ), which extends the RNA primer
with deoxynucleotides, forming a mixed RNA-DNA primer.

The primer is extended into daughter-strand DNA by DNA polymerase _ (Pol
), which is less likely to make errors during copying of the template strand than is
Pol . Pol _ forms a complex with Rfc (replication factor C) and PCNA (proliferating
cell nuclear antigen), which displaces the primase—Pol complex following primer
synthesis. PCNA is a homotrimeric protein that has a central hole through which the
daughter duplex DNA passes, thereby preventing the PCNA-Rfc—Pol _ complex from
dissociating from the template.

After parental DNA is separated into single-stranded templates at the
replication fork, it is bound by multiple copies of RPA (replication protein A), a
heterotrimeric protein. Binding of RPA maintains the template in a uniform
conformation optimal for copying by DNA polymerases. Bound RPA proteins are
dislodged from the parental strands by Pol _ and Pol _ as they synthesize the
complementary strands base-paired with the parental strands.

A topoisomerase associates with the parental DNA ahead of the helicase to
remove torsional stress introduced by the unwinding of the parental strands.
Ribonuclease H and FEN | remove the ribonucleotides at the 5 ends of Okazaki
fragments; these are replaced by deoxynucleotides added by DNA polymerase _ as it
extends the upstream Okazaki fragment. Successive Okazaki fragments are coupled
by DNA ligase through standard 5_n 3 phosphoester bonds.

DNA Replication

+ Each strand in a parental duplex DNA acts as a template for synthesis of a
daughter strand and remains basepaired to the new strand, forming a daughter
duplex (semiconservativ mechanism). New strands are formed in the 5 n 3_
direction.

4+ Replication begins at a sequence called an origin. Each eukaryotic
chromosomal DNA molecule contains multiple replication origins.

4+ DNA polymerases, unlike RNA polymerases, cannot unwind the strands of
duplex DNA and cannot initiate synthesis of new strands complementary to the
template strands.

4+ At a replication fork, one daughter strand (the leading strand) is elongated
continuously. The other daughter strand (the lagging strand) is formed as a
series of discontinuous Okazaki fragments from primers synthesized every few
hundred nucleotides.



4+ The ribonucleotides at the 5 end of each Okazaki fragment are removed and
replaced by elongation of the 3_ end of the next Okazaki fragment. Finally,
adjacent Okazaki fragments are joined by DNA ligase.

+ Helicases use energy from ATP hydrolysis to separate the parental (template)
DNA strands. Primase synthesizesa short RNA primer, which remains base-
paired to the template DNA. This initially is extended at the 3_ end by DNA
polymerase _ (Pol ), resulting in a short (5_)RNA- (3_)DNA daughter strand.

+ Most of the DNA in eukaryotic cells is synthesized by Pol _, which takes over
from Pol _ and continues elongation of the daughter strand in the 5 n 3_
direction. Pol _ remains stably associated with the template by binding to Rfc
protein, which in turn binds to PCNA, a trimeric protein that encircles the
daughter duplex DNA.

4+ DNA replication generally occurs by a bidirectional mechanism in which two
replication forks form at an origin and move in opposite directions, with both
template strands being copied at each.

+ Synthesis of eukaryotic DNA in vivo is regulated by controlling the activity of
the MCM helicases that initiate DNA replication at multiple origins spaced
along chromosomal DNA.

Molecular definition of a gene

In molecular terms, a gene commonly is defined as the entire nucleic acid
sequence that is necessary for the synthesis of a functional gene product (polypeptide
or RNA). According to this definition, a gene includes more than the nucleotides
encoding the amino acid sequence of a protein, referred to as the coding region. A
gene also includes all the DNA sequences required for synthesis of a particular RNA
transcript. In eukaryotic genes, transcription-control regions known as enhancers can
lie 50 kb or more from the coding region. Other critical noncoding regions in
eukaryotic genes are the sequences that specify 3 cleavage and polyadenylation,
known as poly(A) sites, and splicing of primary RNA transcripts, known as splice
sites. Mutations in these RNA-processing signals prevent expression of a functional
MRNA and thus of the encoded polypeptide. Although most genes are transcribed
into MRNAS, which encode proteins, clearly some DNA sequences are transcribed
into RNAs that do not encode proteins (e.g., tRNAs and rRNAs). However, because
the DNA that encodes tRNAs and rRNAs can cause specific phenotypes when it is
mutated, these DNA regions generally are referred to as tRNA and rRNA genes, even
though the final products of these genes are RNA molecules and not proteins. Many
other RNA molecules described in later chapters also are transcribed from non-
protein-coding genes.

Most Eukaryotic Genes Produce Monocistronic mRNAs and Contain Lengthy
Introns

Many bacterial MRNAs are polycistronic; that is, a single mMRNA molecule
(e.g., the mRNA encoded by the trp operon) includes the coding region for several
proteins that function together in a biological process. In contrast, most eukaryotic
MRNASs are monocistronic; that is, each mRNA molecule encodes a single protein.
This difference between polycistronic and monocistronic mMRNAs correlates with a



fundamental difference in their translation.Within a bacterial polycistronic mMRNA a
ribosomebinding site is located near the start site for each of the proteincoding
regions, or cistrons, in the mRNA. Translation initiation can begin at any of these
multiple internal sites, producing multiple proteins. In most eukaryotic mMRNAs,
however, the 5_-cap structure directs ribosome binding, and translation begins at the
closest AUG start. As a result, translation begins only at this site. In many cases, the
primary transcripts of eukaryotic protein-coding genes are processed into a single
type of mMRNA, which is translated to give a single type of polypeptide.

Simple and complex transcription units are found in eukaryotic genomes

The cluster of genes that form a bacterial operon comprises a single trans-
cription unit, which is transcribed from a particular promoter into a single primary
transcript. In other words, genes and transcription units often are distinguishable in
prokaryotes. In contrast, most eukaryotic genes and transcription units generally are
identical, and the two terms commonly are used interchangeably. Eukaryotic
transcription units, however, are classified into two types, depending on the fate of
the primary transcript. The primary transcript produced from a simple transcription
unit is processed to yield a single type of mRNA, encoding a single protein.
Mutations in exons, introns, and transcription-control regions all may influence
expression of the protein encoded by a simple transcription unit quite common in
multicellular organisms, the primary RNA transcript can be processed in more than
one way, leading to formation of mRNAs containing different exons. Each mRNA,
however, is monocistronic, being translated into a single polypeptide, with translation
usually initiating at the first AUG in the mRNA. Multiple mRNAs can arise from a
primary transcript in three ways).

1. Use of different splice sites, producing mRNAs with the same 5 and 3 _
exons but different internal exons.

2. Use of alternative poly(A) sites, producing mRNAs that share the same 5_
exons but have different 3_ exons.

3. Use of alternative promoters, producing mRNAs that have different 5 _
exons and common 3_ exons. A gene expressed selectively in two or more types of
cells is often transcribed from distinct cell-type-specific promoters.

Examples of all three types of alternative RNA processing occur during sexual
differentiation in Drosophila . Commonly, one mRNA is produced from a complex
transcription unit in some cell types, and an alternative mRNA is made in other cell
types. For example, differences in RNA splicing of the primary fibronectin transcript
in fibroblasts and hepatocytes determines whether or not the secreted protein includes
domains that adhere to cell surfaces. The relationship between a mutation and a gene
Is not always straightforward when it comes to complex transcription units. A
mutation in the control region or in an exon shared by alternative mRNAs will affect
all the alternative proteins encoded by a given complex transcription unit. On the
other hand, mutations in an exon present in only one of the alternative mRNAs will
affect only the protein encoded by that mMRNA. The amino acids specified by these
codons.
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FIGURE 43 Genetic cod

The codons are written 5'—3', as they appear in the mRNA. AUG is an initiation
codon; UAA, UAG, and UGA are termination codon.

Molecular definition of a Gene:

+ In molecular terms, a gene is the entire DNA sequence required for
synthesis of a functional protein or RNA molecule. In addition to the coding
regions (exons), a gene includes control regions and sometimes introns.

4+ Most bacterial and yeast genes lack introns, whereas most genes in
multicellular organisms contain introns. The total length of intron sequences
often is much longer than that of exon sequences.

+ A simple eukaryotic transcription unit produces a single monocistronic
mMRNA, which is translated into a single protein.

% A complex eukaryotic transcription unit is transcribed into a primary
transcript that can be processed into two or more different monocistronic
MRNAs depending on the choice of splice sites or polyadenylation sites.

% Many complex transcription units (e.g., the fibronectin gene) express one
mMRNA in one cell type and an alternati ve mRNA in a different cell type.

Chromosomal organization of Genes and Noncoding DNA

Having reviewed the relation between transcription units and genes, we now consider
the organization of genes on chromosomes and the relationship of noncoding DNA
sequence to coding sequences.

Genomes of many organisms contain much nonfunctional DNA

Comparisons of the total chromosomal DNA per cell in various species first
suggested that much of the DNA in certain organisms does not encode RNA or have
any apparent regulatory or structural function. For example, yeasts, fruit flies,



chickens, and humans have successively more DNA in their haploid chromosome
sets (12; 180; 1300; and 3300 MDb, respectively), in keeping with what we perceive to
be the increasing complexity of these organisms. Yet the vertebrates with the
greatest amount of DNA per cell are amphibians, which are surely less complex than
humans in their structure and behavior. Even more surprising, the unicellular
protozoal species Amoeba dubia has 200 times more DNA per cell than humans.
Many plant species also have considerably more DNA per cell than humans have. For
example, tulips have 10 times as much DNA per cell as humans. The DNA content
per cell also varies considerably between closely related species. All insects or all
amphibians would appear to be similarly complex, but the amount of haploid DNA in
species within each of these phylogenetic classes varies by a factor of 100.

Detailed sequencing and identification of exons in chromosomal DNA have
provided direct evidence that the genomes of higher eukaryotes contain large
amounts of noncoding DNA. For instance, only a small portion of the -globin gene
cluster of humans, about 80 kb long, encodes protein. Moreover, compared with other
regions of vertebrate DNA, the -globin gene cluster is unusually rich in protein-
coding sequences, and the introns in globin genes are considerably shorter than those
In many human genes. In contrast, a typical 80-kb stretch of DNA from the yeast S.
cerevisiae, a single-celled contains many closely spaced protein-coding sequences
without introns and relatively much less noncoding DNA.

Approximately one-third of human genomic DNA is thought to be transcribed
into pre-mRNA precursors, but some 95 percent of these sequences are in introns,
which are removed by RNA splicing. Different selective pressures during evolution
may account, at least in part, for the remarkable difference in the amount of
nonfunctional DNA in unicellular and multicellular organisms. For example,
microorganisms must compete for limited amounts of nutrients in their environment,
and metabolic economy thus is a critical characteristic.

Protein-coding genes may be solitaryor belong to a gene family

The nucleotide sequences within chromosomal DNA can be classified on the
basis of structure and function. We will examine the properties of each class,
beginning with protein-coding genes, which comprise two groups. In multicellular
organisms, roughly 25-50 percent of the protein-coding genes are represented only
once in the haploid genome and thus are termed solitary genes. A wellstudied
example of a solitary protein-coding gene is the chicken lysozyme gene. The 15-kb
DNA sequence encoding chicken lysozyme constitutes a simple transcription unit
containing four exons and three introns. The flanking regions, extending for about 20
kb upstream and downstream from the transcription unit, do not encode any
detectable mMRNAs. Lysozyme, an enzyme that cleaves the polysaccharides in
bacterial cell walls, is an abundant

Chromosomal organization of genes and noncoding DNA key concepts:

+ In the genomes of prokaryotes and most lower eukaryotes, which contain few
nonfunctional sequences, coding regions are densely arrayed along the geno-
mic DNA.



5.

+ In contrast, vertebrate genomes contain many sequences that do not code for
RNAs or have any structural or regulatory function. Much of this nonfunc-
tional DNA is composed of repeated sequences. In humans, only about 1.5
percent of total DNA (the exons) actually encodes proteins or functional
RNA:s.

+ Variation in the amount of nonfunctional DNA in the genomes of various
species is largely responsible for the lack of a consistent relationship between
the amount of DNA in the haploid chromosomes of an animal or plant and its
phylogenetic complexity.

+ Eukaryotic genomic DNA consists of three major classes of sequences: genes
encoding proteins and functional RNAs, including gene families and tandemly
repeated genes; repetitious DNA; and spacer DNA.

%+ About half the protein-coding genes in vertebrate genomic DNA are solitary
genes, each occurring only once in the haploid genome. The remainder are
duplicated genes, which arose by duplication of an ancestral gene and
subsequent independent mutations.

4+ Duplicated genes encode closely related proteins and generally appear as a
cluster in a particular region of DNA. The proteins encoded by a gene family
have homologous but nonidentical amino acid sequences and exhibit similar
but slightly different properties.

+ In invertebrates and vertebrates, rRNAs are encoded by multiple copies of
genes located in tandem arrays in genomic DNA. Multiple copies of tRNA and
histone genes also occur, often in clusters, but not generally in tandem arrays.

+ Simple-sequence DNA, which consists largely of quite short sequences
repeated in long tandem arrays, is preferentially located in centromeres,
telomeres, and specific locations within the arms of particular chromosomes.

+ The length of a particular simple-sequence tandem array is quite variable
between individuals in a species, probably because of unequal crossing over
during meiosis. Differences in the lengths of some simple-sequence tandem
arrays form the basis for DNA fingerprinting.

Tasks:

. What is the one gene, one enzyme hypothesis? Why was this hypothesis an

Important advance in our understanding of genetics?

. What three different methods were used to help break the genetic code? What did

each reveal and what were the advantages and disadvantages of each?

. What are isoaccepting tRNAs?
4,

What is the significance of the fact that many synonymous codons differ only in
the third nucleotide position?
Define the following terms as they apply to the genetic code:

(a)reading frame (f) sense codon
(b)overlapping code  (g) nonsense codon

(c) nonoverlapping code (h) universal code
(d)initiation codon (1) nonuniversal codons
(e) termination codon



6. How is the reading frame of a nucleotide sequence set?
7. How are tRNAs linked to their corresponding amino acids?

8. What role do the initiation factors play in protein synthesis?

9. How does the process of initiation differ in bacterial and eukaryotic cells?

10. Make examples of elongation factors used in bacterial translation and explain the
played role by each factor in translation.

11. What events bring about the termination of translation?

12. Make several examples of RNA-RNA interactions that take place in protein
synthesis.

13. What are some types of posttranslational modification of proteins?

14. Explain how some antibiotics work is affecting the process of protein synthesis.

15. Compare and contrast the process of protein synthesis in bacterial and eukaryotic
cells, giving similarities and differences in the process of translation in these two
types of cells. Using the genetic code given in Figure 15.14, give the amino acids

specified by the following bacterial mMRNA sequences, and indicate the amino and
carboxyl ends of the polypeptide produced.

(@)5-AUGUUUAAAUUUAAAUUUUGA-3'

(b)5' - AUGUAUAUAUAUAUAUG A - 3'

(©)5' - AUGGAUGAAAGAUUUCUCGCUUGA - 3'
(d)5'-AUGGGUUAGGGGACAUCAUUUUGA-3'

16. A nontemplate strand on DNA has the following base sequence. What amino
acid sequence would be encoded by this sequence?

5'- ATGATACTAAGGCCC - 3!

17.  The following amino acid sequence is found in a tripeptide: Met-Trp-His. Give
all possible nucleotide sequences on the mRNA, on the template strand of DNA,
and on the nontemplate strand of DNA that could encode this tripeptide.

18 How many different MRNA sequences can code for a polypeptide chain with the
amino acid sequence Met-Leu-Arg? (Be sure to include the stop codon.)

19 A series of tRNAs have the following anticodons. Consider the wobble rules
given in Table 14.2 and give all possible codons with which each tRNA can pair.

(a)5' —GGC—3'
(b)5'—AAG—3'
(€)5' —IAA—3'

(d)5'—UGG—3'
(€)5' —CAG—3'

20.  An anticodon on a tRNA has the sequence 5' — GCA — 3.

(a)What amino acid is carried by this tRNA?
(b)What would be the effect if the G in the anticodon was mutated to a U?

21. Which of the following amino acid changes could result from a mutation that
changed a single base? For each change that could result from the alteration of a



single base, determine which position of the codon (first, second, or third nucleotide)
in the mRNA must be altered for the change to result.

(@)Leu— GIn
(b)Phe — Ser
(c) Phe — lle
(d)Pro — Ala
() Asn—Lys
(f)lle — Asn

22. A synthetic mMRNA added to a cell-free protein-synthesizing system produces a
peptide with the following amino acid sequence: Met-Pro-lle-Ser-Ala. What would
be the effect on translation if the following components were omitted from the cell-
free protein-synthesizing system? What, it any, type of protein would be produced?
Explain your reasoning.

(a)initiation factor 1

(b)initiation factor 2

(c)elongation factor Tu

(d)elongation factor G

(Prelease factors Ry, R,, and R3

(9)ATP

(h)GTP

In what ways are spliceosomes and ribosomes similar? In what ways are they
different? Can you suggest some possible reasons for their similarities?

23 Several experiments were conducted to obtain information about how the
eukaryotic ribosome recognizes the AUG start codon. In one experiment, the gene
that codes for methionine initiator tRNA (tRNA;"™) was located and changed. The
nucleotides that specify the anticodon on tRNA;M* were mutated so that the anticodon
in the tRNA was 5" — CCA -3' instead of 5* — CAU —3'. When this mutated gene was
placed into a eukaryotic cell, protein synthesis took place, but the proteins produced
were abnormal. Some of the proteins produced contained extra amino acids, and
others contained fewer amino acids.

(a) What do these results indicate about and how the ribosome recognizes the starting
point for translation in eukaryotic cells? Explain your reasoning.

(b) If the same experiment had been conducted on bacterial cells, what results would
you expect?
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English-Ukrainian Dictionary of Key Words:

cap, methylated cap - ken, MeTHILOBaHU Kell. METHIILOBAHHMM B IOJIOXKCHHI
7 (y GaraTOKJIITHHHUX OpPTraHi3MiB - Ta B moyiokeHHi 2’-0) Hykieo3u (TyaHO3WH) Ha
5’-kinmi 6araro MPHK eykapiotiB; mporec yrBopeHHs J[lo. 3HaXoauThCcs MiA
KOHTpOJIEM ryaHimuiTpancdepasu (BmacHe MetwiayBanHs <methylation> karamizye
ryaHiH-/-metuirpadcdepasoro); Jo. (pazom 3 momiageHinosum 3’°-kinmem <poly(A) -
tail>) zaxumae MPHK Bim naii exk3oHykiea3 1 HEOOXimHHH IS 1X ePEKTHBHOI
TPaHCJIALII.

central dogma - ueHtpampHa gorma. OCHOBHOW TOCTYJIAT MOJICKYJISPHOT
ICHEeTUKHU. TeHeTudyHa iHdopmMmaiis mnepenaerbcss 3 Mosekynun JHK wa mMPHK
(Tpanckpumiis <transcription>), a morim 3 MPHK (uPHK) mo Oinka (TpaHcisiis
<translation>); II.a. Bucynyra B 1958 ®.Kpikom, 1110 moCTy/1r0BaB 0€3MOBOPOTHICTD
I[LOTO JIBOCTYIIHYATOr0 MpOIIECY; B JaHWM Yac OE3MOBOPOTHICTH MEPIIOro eTamy
nporecy crpocroBana (PHK-3anexuuit cuares [JHK).

color blindness - naneToHi3m. IlopylieHHS KOJIBOPOBOTO 30py Y JIIOJUHHU B
obmacti 3eneHoro (BiICYTHICTh a0 PpEAyKIlis HIrMEHTY XJoposada), YepBOHOTO
(eputponab) i cuuboro (IKaHoJIa0) KOJBOPY; MOPYIICHHS BUPOOJCHHS KOXHOTO 3
MITMEHTIB € Pe3yJIbTaTOM IOIIKOXKEHHS BIIMOBIAHUX HEaJIeIbHUX T'€HIB 1 MTOB'SI3aHO
3 camocTiitnum H3Y.

complementary RNA, cRNA - kommiementapia PHK. Monekyna PHK,
cuHte3oBaHa Ha JIHK-matpumi B ymoBax TpaHckpummii in_ vitro <in vitro
transcription>.

diheterozygote = dihybrid (ous.).

dihybrid, diheterozygote - guriOpua, aumrereposurora. OcoOuHa,
TeTEPO3UIOTHA 3a JBOMA IMapaMH ajICcIliB.

dihybrid crossing - guribpmaHe cxpemryBaHHS. EkcrnepuMmeHTalIbHE
CXpelllyBaHHs OCOOMH, 1110 aHAJI3YIOThCS 3a JBOMA O3HaKaMH ()EHOTHITY.

DNA duplex, double-stranded DNA - nasonanioxkoBa JIHK. Monekysa
JTHK, 1110 CKIaga€eThest 3 ABOX KOMIUIEMEHTAPHUX aHTUIAPAIeIbHUX JIaHIFOTIB.

DNA gyrase - JIHK-ripaza. ®epment, mo BimHOocuThes a0 poaunu JIHK-
toroizomepaz II <DNA topoisomerase |l>, 3paTHWii BBOJWUTH HETATHBHI
CyTNep3aBUTKH B 3aMKHYTY KinbleBy Moiekyny JHK; B ontumansuux ymoax JHK-
I'. moxe yrtBoptoBatu Onu3bko 100 cynepsButkiB MiH.; Brepiie JHK-I'. onucana
M.I'enneproM y cmiBaBT. B 1976.

DNA lygase - JIHK-ira3za. ®epmeHr, 1110 karajizye yrBopenus dpochoauedip-
HOTO 3B'\I3Ky Mik 3’-TigpokcuwiaoM 1 5’-pocdharoM CyciaHIX HYKICOTUIIIB B
OJTHOJIAHITIOTOBOMY pO3puBi moiiHykineotuaHoro nanirora JIHK, Oepe ydactes B
nporecax perurikamii <replication>, pemaparii <repair> i pexomOiHaIii <recom-
bination>; JIHK-x. Buepiie Oyna BuzaineHa b.Beiiccom 1 K.Piuapaconom B 1966.



DNA polymerase - JHK-momimepaza. ®DepMmeHT, IO KaTajlizye MpoIieC
cuHTe3y noiinykieotuanoro jganmoora JIHK 3 okpemux HykiaeoTuaiB npu BUKOpHC-
TaHHI IHIIOTO JIAaHIIOTa K MaTpuii, a Takoxk J[HK-3zarpaBkum 3 BinmpHOMO 3’-OH-
rpynoto; y E.coli JIHK-II. I npeacraBiena oqHUM MOJIMEOTHIOM, IO CKIAJAETHCS 3
940 amiHOKHMCIOTHMX 3aJIMIIKIB, BIepiie BoHa Oyna BuiaiieHa A.KopuOeprom B
1957; JAHK-II. 1I (monmexymspHa wmaca 120 kJ[) kpaimie BChOTO IIpalloe Ha
neonanirokkosi JIHK; JHK-II. 1 1 II 3midicHiorors penapariiinuii cunute3 JIHK;
JHK-II. III - mynprucyOboauHuuHui (PepMEHT, 10 CKIAJAAEThCS 3 CyOOTUHUIL 7
TUIIIB 3 CyMapHOI0 MOJIEKYJIIpHOW Macor Oymm3bko 500 k/I, y Burisiai xomodep-
MeHTa 37iiicHIoe perutikamiro xpomocomuoi JIHK; Bci 3 tunm JIHK-II. maroTs Taxi,
10 KOPEKTYIOTh ek30Hykiea3Hi aktuBHOCTI; JJHK-II. mpokapioT BUKOPUCTOBYETHCS
B METO/Ii TIOJIIMEPa3HOi JaHITIOroBoi peakiii <polymerase chain reaction>.

DNA polymerase - IHK-nonimepa3za. @epMeHT KIIITHH CaBIIiB, CKJIAA€THCS 3
IBOX CyOOAMHMIIL 3 CYMapHOI MOJIEKYJISIpHOIO Macoro 0im3bko 150 k]I, Bonosie 3°-
€K30HYKJICa3HOIO aKTUBHICTIO.

DNA primase - JIHK-mpaiimaza. ®epmeHnt, mo 3ailicHioe cuHTe3 PHK-
3aTpaBKH I TMOAANbIIOro cuHTe3y ¢parmentiB Oxazaku <Okazaki fragments>, a
takox cuHTe3 PHK-3aTpaBok B mporieci cunTe3y perutikatuBHOi Gopmu <Replication
form> JIHK 6akrepiodaris; y E.coli xomyerscst reHom dnaG, i MojekyssipHa Maca
cknagae 60 x/I; B eykapior JHK-II. € cyboaununero JAHK-nomimepazu <DNA
polymerase >; na BigMminy Bix 3Buuyaiinux PHK-momimepas AHK-II. 3matHa
BUKOPUCTOBYBATH SIK cyOcTpaT pubO-, Tak 1 J€30KCUPUOOHYKICOTHIIN; YTBOPIOE
KOMILIEKC 3 THIIUMU epMEHTaMU - TpaiMocoMy <primosome=.

DNA-dependent RNA polymerase - JIHK-3anexxna PHK-nosimepasa. ®ep-
MeHT, 3aiicHioounii cuate3 JJHK-3amexnoi PHK <DNA-dependent RNA synthesis>;
y mnpokapiot icaHye 2 tmrnu JHK-3.PHK-nm.: [IHK-mpaiimaza <DNA primase>
karamizye cunte3 PHK-3arpaBku mns ¢parmentiB Okazaku <Okazaki fragments>
npu perutikanii JJHK, Tomi sk PHK-nonimepasza cuntesye pemry kiaitunHux PHK; y
eykapioriB Bci tunu kmtuHEHNX PHK (MPHK <mRNA>, TPHK <tRNA>, pPHK
<rRNA>) cunresytotbcs piziumu JJHK-3.PHK-n.; Oyna BiakpuTa y ACKiIBKOX €y- i
POKapioTHYHUX OopraHisamis (30kpemMa, y E.coli) C.Baiicom y cmiBaBT. B 1960.

DNA-DNA hybrid - JHK-JIHK riopua. donanmoxkkoBa mojiekyiaa JIHK,
10 yTBOpHWJIACs B pe3yJsibTaTi riopuauzariii, 30kpema JJHK, mo Bkirovae naHiory, 3
PI3HHMH TIOCITIJOBHOCTSIMU HYKJICOTHU[IB (HAMPUKIAJ, IO TOXOASITh BIJ PI3HUX
opranizmiB), Toai JHK-AHK-r. - reTepoayriexc.

exon - ek30H. byab-sKka IiIsSHKA reHa, 0 MICTHTh IHTpOHH <intron>, ski
30epiratotbea B 3pimiit monekyni MPHK (iHTpoHu Bupi3aloThbes NMpU MPOLIECHHTY
<processing>), 3piaka giasHkd MPHK, Bigmosiani E., He TpaHciaroroThes; pisHi E.
9acTo KOJXYIOTh OKpeMi (YHKIIOHAIBHI jJoMeHu <domain> moinenTuIHoro
nanirora; repmid “E.” 3anpononosanuii Y.I'inbeprom B 1978.

freemartin - ¢pumaptun. besmmigHa camka, OJHa 3 Mapu Pi3HOCTATEBHX
ONMM3HAT Yy BENUKOi poratoi XyaoOu; Oe3rmiaas OOyMOBIIOETHCS TOPMOHATBHOIO
B3a€MOJIIEI0 TUIO/IIB 1] YaC BariTHOCTI.



gene - red. TpaHckpuOoBaHa IUISHKA XPOMOCOMH, IO KOJAYE MOJINEHTH],
pPHK a6o TPHK (¢yHkiioHansHO HaliMEHIIA OJIMHUI TEHETUYHOIO amapary
opranismy), misi P. BusBnserbcs y denorumni <phenotype>; P. moxe myTyBatu 3
yTBOpeHHsIM anenbHux (opm <alleles>, a Takoxx pekoMOiHYyBaTH 3 TOMOJIOTIYHUMU
I'.; Tepmin “I'.” BBenenuit B.lorancenom B 1909, BiH 4acTo 3aMiHIOETHCS TOHATTAM
“CnagkoBuii YMHHUK 200 TPOCTO “UNHHHK .

gene expression - ekcrpecis rena. [IposiB maHoro reHa B opraizmi y ¢opmi
SKOI-HEeOy b crienu(igHOT 1711 HHOTO O3HAKH.

genetic code - renetmuHmid KojJ. BiacThBa BCIM KMBHUM OpraHi3MaMm €JIWHA
cUcTeMa “3amucy”’ TeHeTUYHOI iH(popMallli y BUTIIAI MOCTIIOBHOCTI HYKJICOTHIIB, B
AKIA KOXHI 3 HYKJIEOTHAM (KOJOH) BU3HAYAIOTh OJIHY MOJIEKYJYy aMIHOKHUCIIOTH;
BJIACTUBOCTI T€HETUYHOI KOJAM: TPUIUIETHICTH (3 HykieoTujaa - 1 aMiHOKHCIIOTA),
HEMEPEKPUBHICTh (KOJOHM OJHOTO T€Ha HE MEepPEKPUBAIOTHCS, XO4a B JAHWM Yac
BifoMi 1 renm <overlapping genes>, 10 TEPEKPUBAIOTHCS), BUPOIKEHICTD
(KomyBaHHS OJHIET AMIHOKUCIIOTU JCKIIKOMA TPUILIETAMHU), OJJHO3HAYHICTh (KOKEH
KOJIOH KOJY€ TUIbKU OJHY aMIHOKHUCIIOTY), KoMmakTHICTh (I'.k. He BKitOuae apiOHi
MPOITYCKH MK KOJJOHAMHU - “KOMH’’), YHIBEPCAIBHICTH (X04a € 1 BUKJIIOUCHHS).

genome size - BeanuuHa reHoma. Kinbkicts nap ocHoB JIHK 3 po3paxynky Ha
raruioiTHUN TeHOM; 1HOM1 (10 HEBIpHO) MOHATTS “B.r.” BUKOPHUCTOBYETHCS IS
no3HayeHHsi BaroBoro 3Mmicty JIHK (y mikorpamax Ha KJiTUHY) a0o0 3arajibHOi
JTOBXHHHM CKJIQJIOBUX TEHOMY ab0 KapioTUI XpomMocoM (B I[bOMY BHIAIKY
paBWIBHIIIIE - 3arajbHa JOBXKHUHA reHoMa, total genome length).

groove - 6oposenka. Enement Bropunnoi ctpykrypu JHK - mornmubnenns mix
BUCTYNAIOYMMH YaCTHHAMHU HYKJICOTHIIIB; PO3PIZHSIOTH Ti, IO YEPTrYIOThCS Maiy
(MK KOMIUIEeMEHTapHUMH I1iJicTaBamMu, TOO0TO “ycepenuni” monekymu JJHK) 1 Benuky
B.; B miockomy moA0BKHBOMY 3pi31 Besnka 1 Mmana b. ckinagarots kpok cripam JJHK.

Hardy-Weinberg’s law - 3akon Xapni-BaitnOepra. IlignopsakyBaHHs
O1HOMIQJIBHOMY PO3IOAUTY YacTOT, IO 3yCTPIYAETHCS aJIeiB JUAJUICIHLHOTO T'eHa B
MOMYJIAIT, IO BITLHO CXPENTy€eThcsl (MAaHMIKTHYHIN); TTPU YacTOT1 ajuielisi A piBHOIO
p, ajuiens a - piBHOI q (p+q=1) yacToTH Ti€l, MO 3yCTpivaeThCs TEHOTUTIB AA, Aa i
aa BU3HAYAIOTHCS PIBHSHHIM p2+2pq+q2=1.

helicase - xenmkasa, rep-Oimok. bBijok, IO po3IIIiTaE MOABIHHY CIipalib
monekynu JJHK E.coli mix gac perutikarii <replication>.

helix-destabilizing proteins - 6inku, mo aecTabimi3yroTh cripanb. Hericto-
HOBI siiepH1 OlmKM, O 3B'si3ytoThes 3 Jyanmoramu JIHK, mo posminsiorbes, B
pernikatuBHii B <Replication fork>, 3a6esneuyroun mnintpumky JHK B
Jecmipaai3oBaHOMY CTaHi.

helix-loop-helix, helix-turn-helix - cnipans-netns-cnipans. CuMeTpudHHiA
€JIEMEHT TPETUHHOI (mpocTtopoBoi) cTpykTypu aeskux JHK- 3B’s3anux OuIKiB,
OaraTo 3 AKHX Oepe ydyacTb B peryisuii ekcmpecii TeHiB - HaNpUKIaJ, PUIII3UHT-
dakrop mnpomakTuHy <prolactin> ckmagaerbes 3 56 aMIHOKHCIOT 1 BKJIIOYae 2
“cipam” (y KOXHiH mo 14 3aJMIIKiB), CIONMy4YeHO1 “TieTiier0” 3 4 aMiHOKHCIIOT.



heredity - cnaakoBicTs. BiactuBicTh oprani3MiB 3a0e3medyBaTi CTPYKTYPHY i
(GyHKITIOHATBHY CITAIKOEMHICTh MOKOJIHB MUIIXOM TIepenadl 010JI0TIYHUX O3HAK BiJl
OJTHOTO TIOKOJIIHHSA 1HIIOMY; y Psi/ii TOKOJIIHB Y BCiX opraHi3MiB H. - siBuie cysope,
OesnepepBHE, 3a0€3MeUy€EThCs HAIBHICTIO MaTepiajibHOI CyOCTaHIIli, 0 IeTepMiHYE
PO3BUTOK 010JIOTIYHUX O3HAK, a caMe TeHIB <gene>.

heritability - wacmigyBamicTh. SIKicHa XapakTepUCTHKA TEHOTHUIIOBOI
00yMOBJIEHOCTI MIHJIMBOCTI O3HAKHU MPH MOTO Tiepeiadi BiJl MOKOJIIHHS A0 MOKOJIHHS;
H. (mokaznuk H., crynins H.), Bupaxkena B %, Bu3Ha4aeThCsi (HOpMYIIOL0:

oG2
H2 =
0G2t+ OF2
ne oG2 - TOKa3HWK TCHOTHIIYHOI MIHJIMBOCTI GOE2 - IIOKa3HUK

MoaudiKaiiifHOI MIHIMBOCTI; 3Ha4eHHs H. KOHKPETHOI 03HaKH, Tpa€e BaXJIUBY POJIb
Ipy BU3HAYEHHI METOJIB MpakTU4HOi cenekiii (uuMm Buine H., Tum edextuBHime
Oyzae macoBuii Binoip <mass selection>).

homozygote - romosurora. KoitmHa a0o opraHi3m, SKOMYy BJacTHBA
TOMO3HUTOTHICTb.

intron, intervening sequence - inTpoH. TpanckpuOoBaHa AITHKA T'eHa, 10 HEe
MICTHTh KOJIOHIB 1 mo BuaanseTrbcs 3 moyiekyin PHK mpu 1i mpomecunry, B
OUTBIIIOCTI TEHIB eyKapioTiB (a Takoxk Yy apxeOakTepii 1 nesakux BipyciB), L.
PO3IUISAIOTh KOAYHOYl YaCTUHM T'€HIB - €K30HM <eX0n>; I. MiTOXOHJApiaJIbHUX T¢HIB
(TMTOXpOMOKCH/1a3a 1 1H.) 1HOAI MICTATH BIJKPUTI paMKH MPOYUTYBAHHS 1 KOJIYIOTh
CTPYKTYpH1 Ounku - Hanpukian, depment PHK-matypasy <maturase> 1 nesiki iH.:
aHAJIOTI4HI BIJOMI BUTIAJIKH 1 €yKapioTiB (BHYTPIIIHLOTEHHI T'eHH <intragenic gene>);
gucino ix y redi (Bix 0 mo 50) 1 ix po3mip (Bim 100 mo 10000 1 OGinbiue map
HYKJICOTHU/IIB) 3HAYHO Bap1IOIOTHCS.

lagging strand - siacrarounii janmror. Jlanmror mouiparoi JHK, Ha skiit
CHHTE3 KOMIUJIEMEHTApPHOTO JIaHIfOra TMiJ 4Yac perulikamii 3I1HCHIOEThCS  3a
nornoMororo 3'eqHanHs ¢pparmentiB Okazaku <Okazaki fragments>.

microsatellite DNA - JTHK wmikpocarenita. ®opma JTHK caremita <Satellite
DNA>, ckianeHa AeskuM yuciaoM (n>5) moBTOpiB AUHYKIEOTHAIB, - (LIA)n, (AL)n,
(I'T)n 1 T.1.; BimoMa B TeHOMax 0OaraThOX €yKaploTiB, MPUYOMY Y JACSIKUX 3 HHX
(Hampukian, y JIOJWHUA, MUII, BEIMKOI poratoi Xymoow 1 i1H.) € 1HTEHCUBHHUU
nommMopdizM Mo iX MmapaMerpax, a CalTH iX JIOKadi3allii Ha3WBarOTh JIOKYCaMU
Bapitorouoro yuciaa tanaeMHux noBTopiB (VNTR-mokycu), ski MIMpPOKO BUKOPHUC-
TOBYIOTHCA SIK MApKEPH MPHU KapTyBaHHI CTPYKTYPHHUX T'€HiB.

middle repetitious DNA - JTHK, oo momipHO moBTOproeTbes. HykineornaHa
MOCiIOBHICTh (3aBAOBXKH B 100-500 HYKJICOTHIHUX Map), IO TOBTOPIOETHCS B
reaomi 10-100 pasis; ¥Y.n. [IHK BusiBnsieTbes y ckiiai rerepoxpomartuna <hetero-



chromatin>, no nei BigaocsaThcst renu pPHK i TPHK TBapuH, nesiki iH. MyJIbTUT€HHI
pomuau <Multigene family>, a Ttakox MOOUTPHI TE€HETHYHI €JIIEMEHTH Pi3HOI

MPUPOIH.

missense codon - miceHC-KOJ0OH. MyTaHTHHIA KOJOH 3 HOBHM KOJYIOUUM
CEHCOM - B pe3yJIbTaTi B MOJINENTH] Yy BIAMOBIAHOMY MICII BKJIIOUAETHCS 1HIIA
aMIHOKHCIIOTA, 10 MOYKE IPUBOIUTHU JI0 MOPYIIECHHS (DYHKIIHN TaHOTO MOJIMETTHTY.

missense mutation - wmiceHc-myrTaris. MyrTalis, IO NPU3BOAWTH JI0
YTBOPEHHS MiCeHC-KOI0Ha <Missense codon>.

missense suppression - micenc-cympecis. ®opma cympecii, pu sKii cymnpe-
COPHOIO MYTAIlI€I0 € MiCEHC-MyTallisi <missense mutation>; npu BHYTPIIIHEOTCHHIN
cymnpecii BOHa MOX€, 3MIHIOIOYM KOJOH, 110 MYTY€, 3a0e3leuyBaTH BKJIIOYECHHS B
CalT MyTaHTa OUIBLI BIAMOBIJHOI aMIHOKHMCIIOTH, HIX y TOYaTKOBHX MYTAaHTIB
(mampukiian, B JIOKycl TpuntodaHcuHTeTazu M.-c. 3a0e3meuyeThcsi 3aMIHOIO
CEpPUHOM apriHiHy, IO 3'IBUBCS B PE3YJIbTATI NPSAMOI MyTalli 3aMICTh [UIILHMHY, LIO 1
MPU3BOJUTH 10 BIAHOBIIEHHS KaTaliTHYHOI (PyHKIIT (epMeHTy); MiXreHHa M.-c.
MoB'A3aHa 13 3MiHow cTpykTypu TPHK.

motif - mortuB. XapakTepHa MOCTIIOBHICTh HYKJICOTHIIB B HYKJICTHOBHX
KHCJIOTaX a00 aMIHOKHCIOT B TOJIIMENTHIAX, [0 YacCTO BHUKOHYE MEBHI (PYHKIII
(manpuxnan, JHK- now’s3yrounii M. B JO€SIKHUX peryiasTOpHUX OLIKax 1 TOMY
noAioHe); mo3HaueHHs “M.” 3a3BMYail BXKMBAETHCS B CIOBOCIOJNYYCHHSIX -
KoHcepBaTUBHMI M. (IIOCHIIOBHICTh, BJIACTHUBAa PI3HUM MaKpOMOJIEKYyJaM a0o
opranizMam), M. (moromep ainsHok JTHK, 1110 moBTOproroThCs ).

MRNA, messenger RNA - marpuuna (inpopmamiitna) PHK, MmPHK, nuPHK.
Monekyna PHK, o MictTuth iHGOpMaIliIO MPO MOCTITOBHICT aMIHOKUCIIOT B OLJIKY,
aka peanizyerbes; MPHK € Tpanckpumnrom TeHa, mo KOAye BiIMOBITHUN O110K;
noninuctpoaHi MPHK Mictats iHpopMaliiro oIHOYaCHO PO JIeKiJIbKa O1JIKIB.

nascent polypeptide chain - nominenTuaHuii JaHior, mo pocrte. Ilomimern-
TUHUM JIAHIIOT, 10 3HAXOAUThCI B MpOLECi CUHTE3Y, acoliioBanuii 3 50S-
cyouacTiHKO0 prbocomu; H.ILI. 3aBXIU MOYMHAETHCS 3 MICBHOI aMiHOKHCIIOTH, B
podi sKoi y 6akTepiii BucTymnae dpopmunmetronin <Formyl methionine>, y caBiiB -
arietusicepun <acetyl serine>.

nascent RNA - nmanmtor, mo pocre, PHK. He3aBepuiena monexyna PHK B
IpoIIeCl CUHTE3Y, MpeJICTaBiIeHa 5 -KIHIIEBOIO i1 YaCTMHOIO B MOJIEKYJIl HYKJIETHOBOT
KHCJIOTH, TOOTO BiACYTHICTh (hochoauedipHTo 3B'I3Ky MK CYCITHIMA HYKIICOTHIaAMH
B oHOMY JsaHmo31 JJHK.

nick sealing - 3amik (miryBaHHs) po3puBy. YTBOpeHHS (ochoauedipHoro
3B'A3KYy MDK KpaHIMU HyKJeoTuaamu cyciaHix dparmentiB JJHK, mo 3'sBunacs B
HOBOCHHTE30BAaHOMY JIAHI[IO31, IO BifcTae, 3amicth pparmentiB Oxazaku <Okazaki
fragments>, 3.p. cmigye 3a eramom 3amoBHeHHs rena <gap filling>; mmpmre 3.p. -
BITHOBJIEHHSI (ocoanedipHoro 3B's13ky B Oy/b-IKOMY OJIHOJIAHI[FOTOBOMY PO3pHBI
<nick> 3a yuactro JIHK-mira3u.



nick-closing enzyme = DNA topoisomerase ous

non-repetitious DNA sequences - yHikaabHI (0 HE TOBTOPIOIOTHCH)
nocnigoBHocti [JAHK]. Hinsuku monexynu JHK, mpucyTHs B naHOMYy T'€HOMI B
omHIA Komii (piAKO B MEKUIBKOX, aje 3a3Buuaii He Oumpme 10); OUIBIIICTD
CTPYKTYPHUX TEHIB (3a BUHATKOM THX, SKI CKJIaalOTh MYJIbTUTCHHI POJIWHU
<multigene family>) mnpencraBmena V¥Y.m.; B kineturi peacomianii JHK VY.m.
CKJIQJAIOTh “MOBIILHUN" KOMITOHEHT.

nonsense codon - HOHCEHC-KOJIOH, Oe3rmy3auii komoH. KomoH, mo He Koaye
aMIHOKHCIIOTY, TepMiHaTOp TpaHcismii <terminating codon>; ocTaHHIM 4acoM psi
aBT. PEKOMEHAYIOTh YHUKATH BUKOPUCTAHHS TEPMIHY “O€3riy3Auil KOJIOH, OCKIJIBKU
HacrpaBai H.-K. BUKOHy€ KOHKpETHY (YHKLIIO (Ma€ CEHC) - TEPMIHALII0 CUHTE3Y
O1JIKa.

nonsense mutation - HoHceHc-MyTalis. TouykoBa MyTallisi, 0 MPU3BOJUTH 10
YTBOpPEHHSI HOHCEHCY-KojoHy <Nonsense codon> i, BiamoOBiJHO, IO MepeadacHol
3YNUHKU TPAHCIAIIT 3 YTBOPEHHIM aHOMAIBHOTO TOJIMENTHLY.

NnoNsense SUpPpPressor - HouceHnc-cynpecop. Myrantuii ren TPHK, mo koxye
MOJICKYITy 13 3MIHEHMM aHTHKOJOHOM <anticodon>, BHaciimok woro myrant TPHK
MIOYMHAE PO3ITi3HaBaTH HOHCEHC-KOM0H <Nonsense codon>, mio 3ano0irae TepMmiHaii
tpaHcisnism MPHK.

nucleic acid - wHykneiHOBa KHCIIOTa, TOJMIHYKICOTHA. YHIBEpCalIbHUN
OlomoJiiMep, 10 CKJIANaeThesi 3 pubo- abo Ae30KkcupubOOHYyKIIeo3uAMOHO(OC(hATIB,
cnosiyueHux gocdoauedipaumu 3B's13kamMH, YTBOPEHUMHU MiXK 5°-(hocdhaTtom oaHOTrO
HyKJIeoTH1a 1 3’-T1IAPOKCUIIOM HAacCTyHOro; MoJjiekyisipHa Maca H.k. Moxe nocsratu
1010; po3pi3HsOTh (3a THNOM BXIZHMX LyKpiB) 2 ocHoBHuMX Tunu H.k. - JJHK
<DNA> 1 PHK <RNA>, ronosna ponp H.k. - 30epiranus 1 mnepegadya reHeTUYHOI
iHdopmaryi; tepmin “H.k.” 3anpomonoBanmii B 1889 (Bmepme H.k. BusBIeHa B
criepmaronurax jgococss ®.Mimepom B 1868).

nucleotide - nykieorun. dochopuuii edip HyKICO3MIa, MOHOMEP HYKIICTHO-
Bux kuciaor <nucleic acid>; H. sxomsts B ckiaax HAJl, HAJI®, kodpepmenta A
<Coenzyme A> 1 iH. OionoriyHo akTuBHUX cnoayk; H. € nmesxi MakpoepriuHi
3'eqHaHHs - Hanpukiaa, ATO <ATP>.

ochre mutation - oxpa-myraiis. OgHa 3 TppOX HOHceHC-MyTanii <Nonsense
mutation>, oo npuBOAUTH 10 (GOPMYBaHHS OXpa-KOJOHY YAA, IO TEPMIHYE,
3a3BUYail 00YMOBIIIOE TTOSIBY 3HAYHOT KUTBKOCTI KOPOTKOJIAHITFOTOBHUX O1JIKIB; BIIEPIIIE
IIp.o.-m. ommcana B reni phoA y E.coli; y nesikux opranizmiB koJoH YAA Moxe
KOJIyBaTH aMiHOKHCJIOTY - HallPUKIIAJ, IIyTaMiH y iHdy3opii Stylonychia lemnae.

oligonucleotide - onironykieorua. OniromepHa Gpopma HyKJI€THOBOT KHCIIOTH,
10 MICTUTh BITHOCHO HEBEIUKY KUTbKICTh HYKJIeoTHIIB (10 20).

oligonucleotide primer - omironykieoTuaHa mnpuMaHka. KommiemeHTapHa
MEXI1 aHaJl130BaHOi JUISTHKM IeéHOMa IOCHIJOBHICTh (3aBHOBXKKHA B 15-25 HyKIeo-



THJIiB), BUKOPHCTOBYBaHA B TMOJiMepasHii JaHmrorosiii peakmii <Polymerase chain
reaction> a6o B cekBenyBanHi JJHK 3a meromom Cenmxepa.

oncogene - oHkoreH. ['eH, ekcnpecist SKOro MPUBOJUTH 10 HEKOHTPOIHOBAHOT
npodideparii (Tpanchopmariii) kiIiTok; y O. MOXYTh NEPETBOPIOBATUCS MPOTOOH-
KOreHn <proto-oncogene> B pe3ynabTaTli MyTalliid, HAaJHOPMATHBHOI eKcmpecii 1
NESKUX 1H. MEXaHI3MiB.

oncogene theory (hypothesis) - teopis oHkoreHiB. Teopis, IO TMOSCHIOE
MEXaHi3M BUHHUKHEHHS 3JIOSKICHUX IMyXJUH B Pe3yJbTaTl akTUBAIii crenu]iuHux
reHiB (OHKOT'CHIB) B HOPMaJIbHIN KIIITHHI ITiJT JII€X0 OHKOTCHHOTO YMHHKKA; T.0. Oyia
MiATBEpP/DKEHA TICIS 3HAXO/KCHHS OHKOTEHIB (TOMOJIOTIYHUX PETPOBIPYCHUM

OHKOTreHaM) 1 mportuoHkoreHiB; T.o. 3ampomoHoBana P.XwoOuepom i I'.Tomapo B
1969.

oncogenic (tumor) virus - oakoreHHuid (MyXJIMHOTBOPHUIA) Bipyc. Bipyc, 110
TpaHcpopMye COMATHYHI KIITAHU B Tpoiieci 1H(EKIii, Mo NPUBOJUTH OO iX
HEKOHTpPOJIbOBaHO1 mpoiideparnii; O.B. MOXe MaTH HEOHKOT€HHOI'O aHAJIOTra, IIO
3'SIBIIIETHCS B PE3YJIbTATI BTPATH MOT0 TEHOMOM reHa SCI; 10 rpynu O.B. BITHOCSThCS
1 BIpyCH, T€HOM SIKMX HE MICTUTh OHKOTeHa (HampuKial, BIpyc JEHWKO3y), ane sKi
3/1aTHI 1HIYKYBaTH MEPETBOPEHHS MPOTOOHKOT€HA KIITHHHU-TOCIOJAPS Ha OHKOTEH;
BipyCHa mpupoja kauieporeHnesy noseneHa M.Kommerrom 1 P.Epikconom B 1978
(mpumnyieHHsT Tpo Iie poOWKcs HabaraTto paHilie) - BOHM BHMSIBHIM Yy Bipycax
capkomu Paycy oHkoreH SCr (kooBaHH HUM O1JI0K € THPO3UHKIHA3010).

one gene - one enzyme theory - Tteopis “omaMH reH - omuH (epmeHT” .
KoHuemniist, 3rifHO SKOi OJHMUM T€HOM MOXE KOJIyBaTUCS TUIBKU OJUH (PEPMEHT;
TOYHIIIE 1€ CITIBBIIHOIICHHS BiOOpa)KeHO B TEOpii “OWH T'€H - OJIUH IMOJIINENTHI”,
OCKIJTbKM OfMH (hepMEHT MOKe OyTH Te€TEepOMOJiMEpPOM 1 BKIIOUATH MOIMENTHIHI
JIAHITIOTH, 1110 KOAYIOThCS PI3HUMH T€HAMHU.

one gene - one polypeptide hypothesis - Teopist (rimore3a) “oxuH reH - OIUH
nominenTtun (0inok)”. KoHuemniis, mo BUHUKIA HA 0a3i Teopii “OAWMH T'€H - OIMH
dbepMeHT”, IpUIyCcKae, M0 KOXEH I'eH MOKe KOAYBAaTH TIILKH OJWH MOJIMECTTHIHUN
JAHIIOT, KU, B CBOIO Ye€pry, MOXXE BXOJUTU SK CYOOIMHMISI B CKJIaJHILIMIA
OinkoBui kKomIuiekc; teopist Bucynyta I['.binmom 1 E.Tarymom B 1941 na miacrasi
TFeHETUKO-010XIMIYHOTO aHali3y HeWMpocrnopu, BOHM BHUSBWIM BUKIIOUYEHHS B
€KCIIEpUMEHTAJIbHUX YMOBAX MiJ J1€10 PI3HUX MYTalllid KOKHOTO pa3y TUIbKH OJJHOMY
SKOMY-HeOyb JaHIory Oioximiunux peakmii (y 1958 T'.Bignm i E.Tatym Oymm
yI0CTO€EHI 3a 11i podoTr HobOeniBecbkoi mpemii); y 80-x pp. 3'aBriucs poOOTH, B TKUX
BUCJIOBJIIOBAJIUCS CYMHIBU B a0COJIIOTHIM CHpaBEeMJIMBOCTI JAHOI TEOpli y 3B'SI3KY 3
BIIKPUTTSIM CHUCTEMH “‘IBa T€HH, - OAMH moJinenTtun’ <one enzyme - two genes
theory> (He BHKIIOYAETHCA 1 crcTeMa “OMH T'€H - [Ba MOJINENTHIX), a TAKOX 3
icHyBaHHSM TeHiB <overlapping genes, mo mepekpuBarOTHCS>; 3 (HYHKI[IOHATBHUX
MO3UIIN JaHa Teopis yMOBHA y 3B'A3KYy 13 3HAXOKEHHSIM Oarato(yHKI[IOHATbHUX
oikiB <multifunctional protein>.



open reading frame, ORF - Bigkpura pamka 3uutyBaHHsS. [locmimOBHICTBH
nykineotuaiB MPHK, 1o He MICTUTH KOJOHIB, IO TEPMIHYIOTh; MOTEHIIHHO MOXE
OyTH TpaHCJIbOBaHA B MOJINENTHIHUHN JIAHIIIOT.

operator - omeparop. [Hinsuka JIHK, posmiznana cnermudivaumMu Oinkamu-
penpecopamMu, sika HETaTUBHO PETYJIIO€ TPAHCKPUIIIIIO CTPYKTYpHUX T'€HIB, PO3MIp -
JEKUTbKa JECATKIB HYKICOTHIB; sIK mpaBmwio, Q. 0e3mocepeHh0 MPHETHYETHCS 10
PETryJIbOBAHOTO CTPYKTYPHOTO TeHa (3TiJHO MOJEN OIEpPOHYy); BIOMi TOYKOBI
myTaiii O., 1m0 BeAyTh 10 MOCTIMHOI (KOHCTUTYTHBHOI) €KCIIpecii BiIOBIIHOTO
TeHa.

operon - omepoH, TpaHCKpUNTOoH. J[iMsiHKa OakTepialibHOI XPOMOCOMH, IO
MICTHTB JEKiIbKa CTPYKTYpHUX reHiB (Hampukian, Lac-O. <lactose operon> E.coli
BKJIOYa€ 3 TEHM), TPAHCKpPUOOBAHMX 3 YTBOPEHHSAM OJIHIE€I MOJIIUCTPOHHOI
monekynu MPHK; xoxen O., sik mpaBuio, BKIOYae crnenuiqyHUi reH-oneparop 1
TeH-PETYJIATOp, SIKI KOHTPOJIIOIOTh Horo TpaHckpumuito; O. draHkoBaHUil cnenu-
(GIYHUMU PETYNATOPHUMHU TOCIITOBHOCTSIMU - MPOMOTOPOM <promoter> i1 tepwmi-
HATOPOM TpaHckpumiliil; koHuermis O. po3pobdiiena @.)Kakobom 1 XK.Mono B 1961.

origin [of replication] - Touka mouatky [perutikamii]. JliisHKa perutikoHa
(perunikyrouoi minsaku JIHK), B sKiit BigOyBa€eThCs iHIIIALIS peIUTIKaILii.

orthologic genes - opromnoriuni renu. ['eHu, Mo AETEPMIHYIOTh OJHY 1 Ty XK
o3Haky (O170K), TOOTO TOMOJIOTIYHI I'€HH, IO MOXOJIATH BiJ IeHa, IO BXOJIUTH B
TCHOM BHUJIY, BiJI IKOTO OTPHUMAJIM MMOPIBHIOBaHI BUIH; oxopkeHHsA O.r. (Ha BiAMIiHY
BiJl TapajoriyHux TeHiB <paralogic genes>) He moB's3aHe 3 AYIUTIKAIiSIMH
<duplication>.

palindrome - maninapom. JlinsHka nBosaHIiokkoBoi Moekyau JTHK, oOuasa
JIAHITIOTH KO MAlOTh OJTHAKOBY IMOCJIIOBHICTh HYKJICOTH/IIB MPHU MPOYMUTAHHI B 5°-
1o 3’°-kiuug, To6to Il. € TaHAEeMHUM 1HBEPTOBAHUM MTOBTOPOM, HATIPUKJIIAJ!

S - AA-T-T'-0I-T'-I-A-T —T —3
3y - T-T-A-1IO0-I'-t—I'-T—A —A — %

I1. rpatoTh BaXJIMBY POJb B 3a0€3MEUYCHH] MPOIECIB TEPMIHAIII TPAHCKPHUITIIIii
(y mpokapior Il. BusiBieH]I y BCiX TepMIHATOPHUX AUISTHKAX TEHIB), € calTamu Iii
pectpukra3z <Restriction endonucleases>, a Ttakoxx OepyTh ydyacTh y psiai iH.
MPOIIECIB.

plasmid - mmasmiga. [103aXpOMOCOMHUIT T€HETHYHHH €IEMEHT, 3MaTHHH 10
TPUBAJIOTO aBTOHOMHOTO ICHYBaHHA 1 peAyIUTiKalli B IMTOIUIa3Mi; € JBOJAHIIFOXK-
koBoto Mosekynoro JIHK 3aBmoBxkku B 1-200 Thc. map HYKJICOTHIIB, 3a3BUYAil
KUTBbIlE, X04a y JesikuxX pocyuH 1 rpubiB Bimowmi miniiHi I1. <linear plasmid>; mo II.
BIJTHOCSITHCSI Pi3HI crierianizoBani Oakrepiiini unaankn (F-akrop <F factor>, Col-
dakTop i TOMy TOJIIOHE), a TAKOXK ericoMu <episome>; Il. BUKOHYIOTh pi3HOMAaHITHI
byHKII1 (cTaTeBy, JIKApChKOI CTIMKOCTI 1 1H.) 1 MOXYTbh 3a0e3nedyBaTH KIITHHAMH,
M0 MICTATh 1X, CEJCKTUBHY TIepeBary; sK TPaBUJIO, BOHU TIEPEIIKOIKAIOTh
NPOHUKHEHHI0O B KIiTUHY iH. II. TOrO ’X THIy, BHUKOPUCTOBYIOYH MEXaHi3MHU



MOBEPXHEBOT0 BHKIIIOUEHHS 1 TuIa3MigHoi HecymicHocTi <plasmid incompatibility>;
nesiki I1. MoxxyTh OyTH yTBOpeHi ABosaHIioropoto mojiekynorw PHK, - manpuknan,
gactuHku V1 i V2 npixmkis, mo € unHHuKamu-BOuBIsiMu <Killer particle>; repmin
“I1.” BBenenuit x.Jlenepoeprom y 1952.

point mutation - toukoBa myraris. ['eHHa myramis <Gene mutation>, mo €
3aMiHOIO (B pe3ysbTaTi TpaHswmiii <transition> abGo TpancBepcii <transversion>),
BCTaBKOIO 200 BTPATOIO OJJHOTO HYKJICOTHU/IA.

polyadenylation - mnomiagenimoBanHs. ®OepMEHTaTHBHE  IPHUETHAHHS
JCKIJTBKOX 3aJIHUIIKIB aJICHUHY 3 YTBOPEHHSAM ‘ToOjiajeHuIbHOr0 xBocta” <poly(A)-
tail> mo 3’-kinns eykapiormynoi MPHK min dac 1i mporecuHry mepen BHXOJIOM B
nurornasmy; MPHK rictoniB  <histones> He 3a3Hatore II. Bukopucransas
MHOXKMHHUX CaWTIB TModiajeHunoBanHsa y mnonepeannkieB MPHK € pomatkoBum
MEXaH13MOM PO3IIMPEHHS KOJIYIOYOT0 MOTEHIATy 1HAUBIIyalbHUX T€HIB €yKapioTiB.

poly(A) -tail - momiageninbHUN XBicT, XBicT noji-(A). HexomoBana moimi(A) -
nociioBHicTh eykapioTuuHux MPHK  ngomxkunoro 10-200 Hyki€OTHUIIB, 110
NPUEAHYETHCS B Tpolleci momianaeHumoBanHs <polyadenilation>; mepenbavaerncs,
mo ILX. (pa3oM 3 posramioBaHMM 3 5’-KiHI KermoM <Cap>) 3a0e3ledye BHIILY
crabinpHicTh MPHK 111 3axucT Bij 11i eK30HyKII€a3.

polycistronic message - moninucrponna MPHK. Monekyma MPHK, mo koxaye
MOCJIJOBHOCTI OUIBII HI’)K OAHOTO O171Ka; YTBOPIOETHCS MPU TPAHCKPUMIIT TBOX abo
JEKUTBKOX TEHIB, 10 € CyCiJJaMH, BXOJSATh JI0 CKJIaTy OJTHOTO OIEPOHY.

polymer - momimep. Makpomosiekyia, o0yJoBaHa 3 HU3bKOMOJCKYJISPHUX,
110 MOBTOPIOIOTHCSA, 3'€JHAHb (MOHOMEPIB), CIOIYYEHUX KOBAJICHTHUMH 3B'A3KAMH;
II. MOXXyTh OyTH JIHIMHUMH, ABOBUMIPDHUMHU a00 TPUBUMIPDHUMH, & TAKOXK T'OMO-
(kpoxmanp <starch> i iH.) i rerepomojimepamMu (OiIKK 1 iH.), TOOTO BKJIOYATH
IZIEHTUYHI a00 TaKl, 0 PO3PI3HAIOTHCS MOHOMEPH.

polymerase - momimepasa. TpuBiasibHa Ha3Ba (DEpMEHTIB, IO KaTai3yrOTh
YTBOPEHHS TMOJIHYKJICOTHUIIB 3 MOHOHYKJIEOTH[IIB;, 10 HaBaxumBimmx I
BigHocsaThest JIHK-momimepaza <DNA polymerase> i PHK-nomimepaza <RNA
polymerase>, 1o cuHTe3y10Th, BifnosiaHo, JJHK i PHK.

polymerase chain reaction, PCR - moniMepasHa JiaHIIOroBa peakxitis. MeTos
amrutidikarii in_vitro 3a momomororo JIHK-momiMepasn HYKJICOTHAHHX TOCII-
NOBHOCTEW 3 BHUKOPHUCTAHHSAM OJIMTOHYKJIeoTuaHux JHK-nmpumanok, kommeMeH-
TapHOI MOCTIAOBHOCTAM mpoTmiexkHux anmiorie JIHK Ha Mexax amrmutidikoBaHOi
ninsaku; BiacHe ILu.p. € cepiero 3 3 peakmit (20-30 1mukiIiB), MO HUKIIYHO
noBToprotoThest, - neHarypamis JHK, Bigman JHK-mpumanku i cuntes JJHK 3
KOXKHOIO 3 TMPUMAHOK HA3yCTPid OJWH OJHOMY 3 BHKOPHUCTAHHSM MPOTHIICKHUX
nanmiorie. JJHK ax  marpumi, micns 3akiHU€HHS KOXKHOTO IIMKJIY KUIBKICTD
CUHTE30BAHOTO TMPOAYKTY TOJBOIOETHCS 1 BiIOYBAETHCS 30UIBIICHHS KIUTBKOCTI
anamizopanoro JIHK B reomerpuuniii mporpecii; Il.u.p. 103Bojsie aMiutipikyBaTH
Oy1b-SIK1 IMOCI1JOBHOCTI 3aBJIOBXKKH J0 5-6 THC. HyKJICOTHIB, 1110 pOOUTH MOXJIUBUM



BUKOPUCTOBYBaTH ii Il CekBeHyBaHHs, Mouekyisipaoi JIHK-giarnoctukwy,
KapTyBaHHS IeHiB (SIK 30H1M AJIs Ti0puau3arii in situ) Ta iH.

posttranscriptional modifications - mogudikarmii Tpanckpumniii mocra. Beski
smiam ctpykrypu MPHK 1o i1 Buxomy 3 siipa: BKIIIOYae MPOIECHHT <Processing>, a
TakoX romaneHiaroBanHsa <polyadenylation> i gesiki iH. peakiii.

posttranslational modifications — moctrpancnsamiitai Moaudikarmii. 3miHa
CTPYKTYypH OLIKIB MICIsI 3aBepILICHHS iX cuHTe3y pudbocomamu; 10 II.M. BigHOCATHCS
BiIICIUICHHST (DOPMWIIBHOT TPYIU BiJl iHIIIaTOPHOTO (opMIIMETIOHIHY (y TpOoKa-
piot), docdopusyBaHHs, TIHIKO3WIIPYBaHHS, OKHUCICHHS IUCTEIHYy NPU YTBOPEHHI
TuCcynb(iTHUX 3B'SI3KIB, BIAMICTIIICHHS CUTHAJIBLHUX IOCHIIOBHOCTEH MPHU TMEpPETBO-
PEHHSIX Mpo- <Pro-sequence> i nepeanociioBHOCTeNH <pre-sequence> Ta iH.

premature termination - mepemyacHa TepMiHamis. TepMiHAIlisS TPAHCIAIII,
TpaHCKpUNLIi abo peruliKaili [0 MOBHOIO 3aBEPIICHHSA; OOYMOBJIEHA HAsBHICTIO
HOHceHCy-MmyTamii  <Nonsence mutation>, giero cnemudivaux  iHTIOITOPIB
(Hanpukian, mypoMuIumHa <PUromycin>, ne3okcupuOOHyKIeo3uaATpudochaTiB Ta
1H.) Ta iH. IPUYUHAMH.

premessenger RNA - mpe-MPHK. [Tonepenank MPHK (dacTto mysxe BeTrKOro
po3mipy), cuHTe3oBanmii Ha wMarpumi JIHK crpykrypHOro reHa B mporeci
TPAHCKPUMIi 1 A0 BUXOAY 3 sJipa IO 3a3HA€ TPAHCKPUIIIT Mmocta moaudikarii
<posttranscriptional modifications>.

primer DNA - JIHK-3arpaBka. KopoTka omnonanmorosa mosekyia JJHK, 1o
BukopuctoByetbes JIHK-nomimepaszamu ang iniuianii cunresy JAHK, - nanpuknan, y
MapBOBIPYCIB <parvoviruses>.

primer RNA - PHK-3atpaBka. OniropruOOHYKICOTH, IO CHHTE3YETHCS 3a
yuacTio PHK-nonimepasu a6o JIHK-npaiimazu <DNA primase>: 3 5°- xians PHK-3.
3a yuactio JIHK-nonimepasu Il iHimitoersest cunre3 HoBoi moisiekynu JJHK (abo
¢parmenTa Oxazaku <Okazaki fragment>), micns woro PHK-3. Bimmerroerbes,
pO3pHUB, IO YTBOPIOETHCS, OAHOYAacHO 3abynoByeThes JIHK-momimepazoro 1, a
OJTHOJIAHIIIOrOBI po3puBH <Nick> pemapyrotscs JJHK-mirazoro <DNA ligase>.

protein synthesis - GinkoBwii cuHTe3. CHHTE3 MOJIMENTHIAHUX JIAHIIOTIB B
KJIITHHI y Tiporieci TpaHcisii <translation>.

proto-oncogene - TPOTUOHKOTE€H. ['€H, KOHTPOJNIOYUNA HOPMAJIbHY
npoJsidepaltito KIITHH 1 3IaTHUHN B pe3yJIbTaTl COMAaTUYHOI MyTallii a00 TpaHCIO3HUIIii
NEepPEeTBOPIOBATUCS HAa OHKOreH <oncogene>; y HopMi Il. KoayrooTh HmpOTEiHKIHA3U
(HampuKJIaJ, TEHW POJMHHU C-SIC), TyaHIH-TIOB’si3yroui OiIKU (CiMEWCTBO c-ras),
YUHHUKH 3POCTaHHS 1 iX pEeLEeNTOPH.

renaturation - penarypaiiisi. BigHoBieHHss HaTUBHOI (0i10JIOTTYHO AKTHBHOT)
IIPOCTOPOBOI CTPYKTYpH OiomoaiMepa (011ka ab0 HYKJIETHOBOI KUCTIOTH); 30Kpema, P.
Jux (micast AeHarypamii HarpiBaHHSM) MOXKE BiIOyBaTHCS IIPH IOBUILHOMY
OX0JIO/pKyBaHHI <annealing>, mo BHUKOPHUCTOBYEThCS Ui OTPUMAHHS T1OPHIHUX
reTEPOIYIIICKCIB.



repair replication - pemaparuBHa periikamis. Etan ekcuusiiiHoi penapartii
<Dark repair>, B mporieci SKoro Binm0OyBaeTbcs 3a0y0Ba PO3PUBIB, IO YTBOPUIIHCH,
3IIACHIOBaHA BIAMOBIAHO 10 MpuHOUMIB perutikamii <replication> JIHK 3a ywactio
JIHK-nomimepasu 1.

repetitious DNA - HykjeoTHIHA MMOCITIIOBHICTH, MmO moBToproeThes (JIHK).
[TocnimoBHICTh HYKJICOTHUMIB, IO MiCTUThCs B XpomocomHiii JIHK y Burmsai
IICHTUYHUX KOMiW; Ha TmifacTaBi KiHeTwku peaccoramii JIHK pospizasaioTs
HykieoTuaHi mocmmoBHocti <Highly repetitous DNA> (MiH. Kormiii Ha TeHOM), IO
BHCOKOIIOBTOPIOIOThCS, a Takox mociaimoBHocti <middle repetitious DNA, o
MTOMIPHO TTOBTOPIOIOTHCS™> (JIECSITKU 1 COTHI KO HAa TEHOM).

replication, reduplication - perutikamis, peayIUTIKaIis, ayTOPEIUTIKaIlis,
aytopenpoaykiig. [Iporiec caMOBIATBOPEHHS MOJIEKYJT HYKJIETHOBUX KHCIIOT, IO
CYHPOBOJIKYETHCA TIepeayueto Mo cragky (BiI KIITHUHH 0 KIITHHH) TOYHHMX KOIIM
reHeT4Hoi 1H(popmartii; P. 3xaiiicHIOeTCS 3a ydacTio Habopy crnenudigyHux
¢depmentiB (xemikaza <helicase>, kourTposrorouya posmiitanus wmosiekyaun JHK,
JIHK-monimepasu <DNA polymerase> I i III, JIHK-niraza <DNA ligase>), mpoxo-
JUTh 32 HAMBKOHCEPBATUBHUM THUIIOM 3 YTBOPEHHSIM PEIUIIKATUBHOI BUIIKU
<replication fork>; na ogHomy 3 nanimroriB <Leading strand> cuHTe3 KOMIUIEMEH-
TapHOTO JIAHIFOTa Oe3nepepBHHi, a Ha iHmINA <Lagging strand> BinOyBaeTbcs 3a
paxyHoOK yTBopeHHS (parmenTiB Oxazaku <Okazaki fragments>; P. - BuCOKOTOUHMIA
MPOIIEC, YacTOTa MOMWIOK MpHU sikomy He nepeBuinye 10-9; y eykapuotiB P. moxe
BIIOYBaTHCS BiApa3y B AEKUIbKOX Toukax onHiei monekynu JHK; mBunkicte P. y
eykapioTiB 6iu3bko 100, a y 6akrepiii - 61u3bko 1000 HYKJI€OTHIIB B CEK.

replicative fork, growing point - perutikaTiBHa (pernikamiiHa) BUJIKa, TOYKa
3pocTaHHs. MoiekynspHa ¢opma, MO YTBOPIETHCS MATEPUHCHKOIO 1 JIBOMA
JO4IpHIMU ABoJaHLoroBumMu Mojekyinamu JIHK B mporeci HamiBKOHCEpBAaTUBHOI
peruTiKanii.

replicon - perutikoH. ABTOHOMHa oawHHMI perutikamii <replication>, mo
3HAXOAMUTHCS MiJ KOHTPOJIEM OJHIET TOYKM I1HIIAIii perumnkamii (pemiikaropa); y
npokapiot P. npencraBiieHnid BCIM T€HOMOM, a y €yKapiOTiB TEHOM MOK€ BKJIIOYaTH
6e3miu P.; repmin “P.” 3anpononoBanuii d.2Kaxkoo6om 1 C.bpennepom B 1963.

restriction - pecrpukiisa. Ilporec po3IIEIIFOBaHHSA YY>KOPITHOT MOJEKYIIH
JHK min miero cnenudiuaux OakTepiiHMX (EepMEHTIB - pecTpukras <restriction
endonucleases>; tepmin “P.” (ToOTO 0OMEKEHHS) yKa3ye Ha Te, IO JaHUH TPOIeC
oOMeXeHUN 4yXOpiIHOW Mojekynow, Toal sk JIHK xmitku-rocnomapst He
PO3IIETUTIOETHCS 3aBISIKM HAIBHOCTI CIEIM(DIYHUX 3aXUCHUX MEXaH13MiB; Takox P. -
O0OMEKEHHS MOKJIMBOCTE BUOOpY HampsiMiB IU(EpEHIIIOBAHHA TOTUIOTEHTHUX
KIIITHH eMOpioHa.

restriction endonucleases - pecrpukTasa, peCTpPHUKIIIHHA EHIOHYKJea3a.
bakrepianbauit dhepment, mo posmermoe moiekyny JJHK B ctporo creuudiununx
caiitax; npu upomy P., 10 [if0OTh Ha OJIHAKOBI IMOCJIJOBHOCTI HYKJICOTHU/IIB,
HA3WBAIOTHCS 130IM30MepaMu <ISOSChiZOMeres>, akTHBHICTH i30LIM30MEPIB 4acTo
3aJIeKUTh Bia MeTwiyBaHHS <methylation> nykiieotuniB B cailiTi pecTpukiii; mpu



npomy P. moxe posmerumoBarun JJHK Ha ¢parmentn 3 tymumum <Blunt ends>
(HINDIIT) a6o 3 “munkumu’ kiHmsgmu <cohesive ends>; naiimenyBauHs P. € 3-4-
OyKBEeHHHMH a0peBiaTypaMu JaTUHCHKOI Ha3BH OaKTEpiMHOTO IITaMy, 3 SKOTO BOHHU
BunuieHi (nuB. Jlomatok 6), a puMchka nudpa BigoOpakae XpOHOJOTIIO BIIKPUTTS
dbepMeHTy; 3actocyBaHHS P. 103BONMIIO PI3KO 30UIBIIUTH €(PEKTHBHICTH aHaJI3y
ctpyktypu JIHK reHOMIB pi3HHUX OpraHi3miB (30KpeMa, 3 BUKOPUCTAHHSIM METOY
PECTPHUKIIIHHOIO KapTyBaHHa <Restriction mapping> i BusBIECHHS MOJIMOP(I3My
JOBKHH pecTpUKILiiHuX dparmenTiB <restriction fragment length polymorphism>), a
TaKOXX 3pOOMIIO MOKJIMBUM MPOBEJACHHS POOIT 10 TeHHIH 1HXEHepii; 3a BIAKpUTTS P.
1 ix 3acrocyBaHHA B MoueKyisipHid reHetuni B.ApGep, X.Cwmit 1 [[.Hatanc Oynu
ynoctoeHi B 1978 HoGeniBchko1 npemii.

restriction fragment length polymorphism, RFLP - nonimopdism 1oBxuH
pectpukiiiaux ¢parmentis, [IJIP®. Minnmusicte po3mipiB ¢parmentis JHK,
BUIICIUTIOBAHNX  pecTpukrazamu  <Restriction endonucleases>, o0ymoBieHa
BUHHKHEHHSAM a00 3MIHOIO B pe3yJIbTaTl MyTalllil CaliTIB pECTPUKLI; y 3B'SI3KY 3 UM
anamiz IIJIP®  1o3BoJise  BUKOPHUCTOBYBATHM  OKpeMi  ajieqii  (BHACHIIOK
MeHaeniBCbKOro XapakTepy iX yCHaAyKBaHHS) SIK MapKepiB MOMYJIALIN, a TakoX
3aCTOCOBYBATH iX B MpeHATaJIbHINA 1 3BUYANHINA J1arHOCTHUIIl MYyTallili B reHax, IIO0
obymoBmo0Th pizHi H3Y, 1 Bu3HAuath iX JOKami3alil0 B TEHOMI METOJAOM
PECTPUKIIIMHOTO KapTyBaHHs <restriction mapping>.

restriction map - pecrpukmiiiHas kapta. Jliarpama po3srairyBaHHS Ha
monekyni JIHK caiitiB mi3HaBaHHs pecTtpukTazamu <restriction endonucleases>;
HalOuIbIn JokianHi P.k. ckimageHi s HeBenukux Monekyn JIHK, Takux sk
mitoxouzapianeHi <Mitochondrial DNA> Tta iH. TeHOMH LHTOIUIA3MH, a TaKOX
IPOKAPIOTUYHI XPOMOCOMH.

restriction mapping - pectpukiiiiiie KapTyBaHHs. BHU3HAYCHHS IMOJIOKEHHS
reHa Ha reHeTW4Hid ((i3udHil) KapTi 3a IOMOMOIOK pecTpukrasz <restriction
endonucleases>; momnsrae B OTpUMaHHI (ParMEHTIB aHATI30BAHOI IOCIIIOBHOCTI
(reHa), BHpI3aHUX PIZHUMH PECTPUKTA3aMH 1 €JICKTPO(OPETUYHO PO3IIUICHUX 3
MOJIANIBIIIUM 3iCTaBJICHHSIM IX PO3MIpiB 1 BU3HAUCHHSM BiJICTAHEH HA TCHETUYHIM
KapTi; TakoXk P.K. - BU3HAUCHHS 32 JIOTIOMOTOI0 PECTPUKTA3 CIIBBIHOIICHHS SK30HIB
1 IHTPOHIB y CKJIaal TeHa (B IbOMY BHUIAJKy OJWH 3 BapiaHTIB - KapTyBaHHs 3a
metozoM bepka-Illapna <Berk-Shurp method>); posainbha 3aaTHicTh P.K. - O1H3bKO0
20 map HyKJIEOTHUIB.

ribonucleotide - puGonykneorun. Hykmeorusa, mo mictuth pubo3y, oiHa 3
a30THUCTHUX MijcTaB (BKJIFOYAIOYM PiAKICHI migcTaBu <rare bases>) i 1 abo mexinbka
3anumIkiB GochOpPHOT KUCITOTH.

ribose - pu6o3a. MoHocaxapu 3 rpymnu neuto3; P. y pypanosHii (LUKITigHIH)
dopmi BxoauTh B ckinan PHK, geskux kodepMeHTiB 1 6akTepiiHUX MOTicaxapu/IiB.
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RNA ligase - PHK-niraza. ®epmeHT, 110 31iHCHIOE 3'€IHAHHS ABOX MOJICKYII
PHK 3 yrBopennsMm docdonuedipuoro 3B's3ky (Hanpukinaa, PHK-JI. ¢ara T4).

RNA polymerase, RNA synthetase - PHK-momimepasa, PHK-cunteTasa.
®depmenTt, 1o 3aiicHioe Matpuunuii cuHte3 PHK 3 pubonykneosunrpudocdaris;
3aJIe)KHO Bia BHKOpucTOoBYyBaHoi Marpuii - JIHK abo PHK - pospizmstors JTHK-
sanexkHy <DNA-dependent RNA polymerase> i PHK-3ane:xxny PHK-II. <RNA-
dependent RNA polymerase>; y npokapiotiB € 2 Tunmiu PHK-II.: oqHa 3 HUX CHHTE3y€
PHK-3atpaBku st pparmentiB Okazaku <Okazaki fragments>, a inma - pemra Bcix
tuniB PHK; y eykapiotiB - 3 tunu PHK-IL.: PHK-ILI 3gaiiicHioe cunte3 pPHK
<Ribosomal RNA>, PHK-ILII cunresye MPHK <mRNA>, a PHK-ILIII - TPHK
<Transfer RNA>, 5S-PHK Tta in. meBenmuki PHK; axtuBmicte PHK-II. moxe
MOBHICTIO TMPUTHIYYBATHUCS ACSIKUMU AHTHOIOTHMKAMM - HANpUKIal, pudaMilmHOM
<rifamycins> i aktunominuaom D <Actinomycin D> (6akrepiitna PHK-IL.), anbda-
amanutuHoM <alpha amanitin> (PHK-IL.II npokapioT).

RNA replicase = RNA-dependent RNA polymerase (ous.).
RNA synthetase = RNA polymerase (ous.).

RNA transcriptase = RNA-dependent RNA polymerase (ous.).
RNAase = ribonuclease (ous.).

RNA-dependent RNA polymerase, RNA transcriptase, RNA replicase -
PHK-3anexxna PHK-monimepaza, PHKtpanckpunraza, PHK-permikaza. ®depmeHT
PHK-BMicHHMX BIpyciB, 1m0 Oepe ydacTb B NpoLecax perurikamii 1 TPaHCKPHUILIT
reHoma BipycHoi PHK; y BipyciBs kopy PHK-3.PHK-n. onucana A.Caiippenom 3
cniBaBTopamu. y 1978.

RNA/DNA ratio - cmissignomennss PHK//ITHK. KinbkicHe cIiBBIIHOIIEHHS
smicty PHK 1 IHK B kit (TkaHuHI), SIK MPaBHIIO, MO3UTHBHO KOPEJIhOBaHE i3
HIBUJIKICTIO 3pOCTaHHs opraHizmy; 30itbmieHHs C.PHK/IHK CBITYHTH MPO 3pOCTAHHS
AKTUBHOCTI TPAHCKPHUIIIIi, a TAKOX PO MOCHJICHHS] YTBOPEHHS prOOCOM.

Robertsonian translocation (rearrangement), centric fusion - Pobeptco-
HIBChbKAa TpaHCJOKallisl, IeHTpuyHe 3'eqHaHHa. OKpeMuil BHUMNAJOK TpaHCIOKAIlii,
NOB'SI3aHUI 3 MEPEHECEHHAM Ha OJIHY XpPOMOCOMY 1H. XPOMOCOMH MOBHICTIO (TOOTO
3IUTTS 2 XpOMOCOM); SIK MpaBuiio, P.T. XapakTepHa s OAHOIUIEYUX XPOMOCOM abo
XpOMOCOM 3 JyXe€ KOPOTKMMH ApyruMd IiednMa (1 “mpyri” 1uieui 3a3BUYai
YTBOPIOIOTH AIleHTPUYHI ()parMeHTH 1 IMBUIKO eliMiHytoTcs); P.T. mpakTHuHO HE
3MIHIOIOTh CTPYKTYpPHU TPYI 34YEIJICHHS TeHiB, TOOTO € BIAHOCHO ‘‘HEHIKIUTMBUMH
IUIA OpraHi3Mmy, - MMOBIPHO, TOMY BOHHU JOCTaTHbO IIMPOKO TMOIIMPEH] 1, 30KpeMa,
MOXXYTh OyTH OJHIEIO 3 MPHUYMH BHYTPIIIHBOBUAOBOI MIHIUBOCTi; P.T. 3BOpOTHS,



X04a TPOIEC PO3MIJIEHHS JJBOIUICYOi XPOMOCOMH Ha aKpOICHTPUKH MEHII
BipoTiHMA, HDK cama P.T.; KIIacCHYHOIO MOJEIUIIO, IO MOSICHIOE MexaHi3m P.T., €
MOJICNTb “pO3pUBY-3'€THAHHSA; OJAWH 3 MOXJIMBUX MeXaHi3MmiB P.T. omucyerbcs
rinore3or0  XonbMkBicTa-[ancuca <Holmquist-Dancis’s  hypothesis>; sBuie
onucane ¥Y.Po6eprconom B 1911.

rolling circle model o-type replication - Momens KilbIsl, IO KOTHThCS,
peruTiKaiiss 3a THIOM PYJIOHY, IO PO3MOTYEThCS, perumkaiis o-tumy. [Iporec
perutikaii kimpreBux moiekyn JIHK, xapakrepuuii qyist 6aratbox O6axTepiii 1 BIpyciB,
a TaKOXX BHYTPIKIITUHHOI oOpraHenu (MITOXOHAPIM 1 TIUIACTHA); TIOJOBKEHHS
naHItora, mo cunresyerbes, JIHK BimOyBaeThes 3 5°-KiHIIS, 0 TPUKPITUTFOETHCS IO
KJIITHHHOT MeMOpaHHu, a TOYKa peruliKallii po3TalloBaHa B MICIl BiATamyKeHHS 5’-
HUTKHU BiJ] MMOYATKOBOTO KUIbIIS; MICHSA 3aKIHUEHHS JCKUIBKOX payHAIB perumnKarii
HaBkoJio mouatkoBoi JIHK yrBoproerbcst HoBa monekyna JAHK, mo mictuth nexiiabka
KO MOYaTKOBO CIOJIYYEHHMX, “TOJOBa JI0 XBOCTA”, 1 37aTHA CIY>KUTH MAaTPHUIICIO
JUTSI CHHTE3y KoMIuieMeHTapHoro jianiora JJHK.

rRNA = ribosomal RNA (ous.).

RT-PCR, reverse transcription-polymerase chain reaction - mosimepasna
JIAHIIIOTOBA Peakiiisl 13 3BOPOTHOIO TPAHCKPHUIITAa3010. BapiaHT MeToay mojiiMepa3Hol
naHirorooi peakmii <Polymerase chain reaction>, moaudikoBaHuii 11 aHaIizy
mouiekyn PHK, - Ha nepmomy etamni metony Ha MaTpuil TectoBaHoi Mosiekyniu MPHK
3 BHKOPHCTaHHSM (EepMEHTY 3BOPOTHOI TpaHCKpHUnTasu <Reverse transcriptase>
OTpUMYIOTh oJiHOHOJaHIIOTOBY KJIHK, saxy moTiM ammiiikyroTh CTaHZApTHUM
ITIIP-meTonom; BupoBamkeHHs metony RT-PCR nossommno suBuntu MPHK, npu-
CYTHI B KJIITKaxX B JIy’K€ HEBEJIMKINA KUIbKOCTI, - Hanpukiaa, MPHK OinkiB unHHHKIB
3pOCTaHHS B PaHHIX eMOpIOHAaX 1 Jp.; B AAHUWM 4Yac JJiA KX I[JIEH BUKOPUCTOBYIOTH
tepmoctabubHy JIHK-mosmiMepasu, 1o Bojozi€ 3BOPOTHHO-TPAHCKPHUIITA3HOIO
aKTUBHICTIO (Hampukiaza, Thermus thermophilus, mo cunTe3yeThbes.

satellite DNA, satDNA - JIHK carexita. Hagmipaa JJHK renoma, six mpaBuiio,
PI3KO BIIPI3HIETHCS 3cyBOM CHiBBiI[HOI]_IeHHH A+T/T+I (y6ixk A+T - “merka”
cat/IHK; y6ix I'+I] - “Baxkka” cat/I[HK) Bix in. minsnoxk JIHK, mo mictutbest B
3HayHoMy (105 1 OiabIn) YMCHI TOBTOPIB 1, BIAMOBIIHO, peHATypyroda HabaraTo
mBuame 3a yHikaabHi nocaigoBHocTi; C.JIHK moxe OyTv BHIiICHA MPH LIEHTPH-
¢GyryBaHHi B rpajieHTi IiIbHOCTI xyopuay mesiro <Cesium chloride equilibrium
density gradient centrifugation> y Burisai momatkoBoi (“‘carenaiToM”) MO BiJHO-
IIEHHIO 10 OCHOBHMX (pakiiii; sik npasuio, C.JAHK nokanizoBaHa B lIEHTpoOMepax i
piamie - TejaoMepax XpOMOCOM 1 BXOAMTH J0 CKJIaay rerepoxpomaTthHa <hetero-
chromatin>; epomomiss C.JAHK wmoxke BigOyBaTHCsS IUISAXOM CTPHOKOMOMIOHUX
perutikaiiiii <Saltatory replication> i HakonUYEHHS MyTallii, 1110 YePTYIOTHCS.

splicing - crutaiicunr. ®opma nporecunry nomnepeauukie MPHK y eykapioTis;
B pe3ynbrari C. BiI0yBaeThCsa BUAAIICHHS 3 MOJIEKYJIU-TIONEPEITHUKA MOCI1JOBHOCTEH
iHTpOHIB <INtronN> i KOBaJICHTHE 3'€THAHHS ITOCIIIJJOBHOCTEH €K30HIB 3 YTBOPCHHSIM
3pinux monekyn MPHK.



telomerase - temomepasza. depmeHT Tpynu TpaHcdepas, SKHA KOHTPOIIOE
PO3Mip, KUTBKICTh 1 HYKJICOTHAHUHN ckian Temomep <telomere> xpomocom; Brepiie
T. Oyna BuaiteHna y iHgy3opii Tetrahymena thermophila, B sxoi B mMakponykieyci
<macronucleus> moke MICTUTHCS JEKIJIbKA JCCATKIB THC. TeaoMep, T. € CKIagHuM
pubonykiaeonporeiHoBuM KoMmiuiekcom (PHK, mo wmictute 159 Hykneotumis, €
marpuniero st cuHtedy MotuBy TTITTT, mo 100 moBTOpiB SIKOrO MICTHTBCS B
KOXKHIM TeJloMepi) 3 MOJIEKYJIIpHOIO Macoto 0:1u3bpko 500 k/1.

telomere sequence (repeat) - temomepHa mociimoBHicTh (moBTOp). Ilocmi-
JIOBHICTh HYKJICOTHIB, crienudiuna maua kiHneBux aurstHok JJHK (xpomocowm), sik
IIpaBUJIO, IPEACTaBICHA YUCISHHUMH TTOBTOPAMH OJIITOHYKJICOTHIIB 1 HEOOX1THA JJIs
3aBEpIIEHHS peIUIiKallii KiHIIEBUX IOCJII0BHOCTEH XpPOMOCOM, a TaKOX, HMOBIPHO,
[0 Tpa€ 3aXHCHY POJb; 30KpeMa, y XpeOCTHUX BHCOKOKOHCepBaTHBHOIO € T.m.
(TTAITT)n, BusABieHa B TeiaoMmepax Bcix xpomocoM Oumbin HiX y 100 BumiB 3

OCHOBHHUX KJjaciB - puou, amdibii, pentuiii, nTaxu, ccasii; Brepuie T.m. Oymau

orucani y iH(y3opii Tetrahymena pyriformis (mo 30-70 moBTOpiB rekcaHyKIeOTHAA
AAIII) E.bnebeprom 1 JIxx.I"'amnom y 1978.

telomeric fusion - tenomepne 3'eqHanHs. BapianT XpomMocoMHOT iepeOyn0BH,
110 TMOJISTAa€ B 3'€IHAHHI IBOX XPOMOCOM TEJIOMEPHUMH 00JacTsIMU (Ha BIAMIHY BiA
PobGeprconoBcrkoi mepeOymoBu <Robertsonian rearrangement>) 3 yTBOpEeHHSIM
JTUIIEHTPUKA; BBa)KaeTbesl, 0 B eBofromii T.3. BigOyBanucs Habarato piamie, Hix
nentpuuHi (PoOepTcoHOBChKME) 3'€HAaHHA, MPOTE HasBHICTH T.3. y eBomromii
XPOMOCOMH 2 JIFOJMHHU (3 BTPATOIO OJHIET 3 IEHTPOMED) JOBEJICHO.

terminating codon - kooH, 0 TepMiHYy, CTON-KOAOH. K0oJI0H, 10 BHU3HAYa€E
3aKIHUYCHHS (TepMIHAIlIl0) CHHTE3y MOJINENTUIHOro jJaHira, - YAA, YAIL, YI'A;
Ockisibku - 6e3riy3auil (HOHCEHC-) KOJOH; KPIM TOTO, KOJIOHAMH, 1110 TEPMIHYIOTb,
MOXYTh OyTH (sik BUHATOK) KomoHu AI'A 1 AI'T; maBmaku, konoH YI'A B MPHK,
TPAHCKPUOOBAHUX 3 MITOXOH/IPIAILHOTO T€HOMA (OKPIM BUILUX POCIHH), HE € TAKUM,
10 TEPMIHYE, a KOAY€E TpUNTO(DaH.

termination - tepmiHaitis. 3yNMHKA CHHTE3y MOJIMENTHIHOTO JIAHIIOra
BIIOYBa€ThCSl MICHSI JTOCSTHEHHS KoJoHy, mo TtepMminye, B MPHK; Takox T. -
3aBepiieHHs cuatesy PHK B mporieci Tpanckpumiiii <transcription> ato JHK B
nporeci perntikarii <replication>.

terminator - tepminatop. [TocmiOBHICTh HYKJICOTHIIB OMEPOHY 1 TPAHCKPHU-
6oBanwuit Ha HboMy MPHK, mo oOymoBitoe npununenss (Tepminaiiito) cuaresy PHK.

transcription - tpauckpumiis. Cuare3 PHK na marpuni JIHK - nepimii eramn
peanizauii reHetuyHoi iH(opmaiii; y mnpokapior T. 3IIHCHIOETBCS 3a y4aCTIO
xonopepmenta PHK-nmonimepasu <RNA polymerase>, a B aykapiorT € noHaimeHIie 3
tunu PHK-nonimepas, sxi TpaHCKpUOYIOTh T€HU PI3HUX KIIACIB.

transcription factors - uunHuKKM TpaHckpumiii. JlomomixkHI OiNKH, sKi
nornomararoth PHK-momimepazam <RNA polymerase> mnpoxoKeHHSI OCHOBHHUX
eTaIlB TPAHCKPUIILIi (1HIIAIlik0, JIOHTAIlII0 1 TEPMIHALIII0), a TAKOXK 3a0€3IMeUyIOTh



BUOOpUMIT XapakTep TPAHCKPHUMIIl (Hampukiad, TKaHUHOCHEU(IYHY EKCIpecito
TeHIB [IUITXOM B3a€MOJIi1 3 3HXaHcepamu <enhancer>).

transfer (soluble) RNA, tRNA - TPHK, TpancnoptHa (po3umnna) PHK.
Huspkomonekynsapua wmonekyna PHK, mo Bukonye amantopri ¢yHKIl 110
CHeU(PIYHOMY TEPEHECEHHI0 aMIHOKHCIOT J0 NOJINENTHIHUX JAHIIOTIB, IO
3poctaoTh, B mporeci Tpancusanii; TPHK BojoaioTe XapakTepHOIO BTOPUHHOIO
CTPYKTYPOIO y BHIJISII "JTMCTa KOHIOMWHKU", aHTHKOI0H <anticodon> po3ramoBanuii
B aHTUKOJIOHOBIM T, a 5'-KIHIIEBOIO MIJACTaBOIO 3aBXIU € ryaHiH; y ckiaal TPHK
€ (KpiM OCHOBHUX TIijJcCTaB) piAKicHI mmigcTaBu <rare bases>; tperuHHa
(cmabocmipanbHa) CTPYKTypa Harajye JIaTUHCbKY OykBy L; mipueaHaHHS
amiokucaotu a0 LIIA-nmocmigoHocTi 3'-kiHust TPHK BinOyBaeThes B pe3ynbrati
peakiiii amiHoalIyBaHHS —<aminoacylation>, npudyomMy calT po3mi3HaBaHHS
aminoarmi-TPHK-cunTeTazamu jgokanizoBaHuid MOOIM3Y JUTIAPOYPUIUIOBOI METIIL;
Mozenb BTopuHHOI cTpyktypu TPHK y Burnsai "konrommHoBoro Jwmcra
3anpornoHnoBana P.Xosi B ciBp. y 1965.

translation - TpaHcnsmis. 3aBeplianbHHUN e€Tanm peamizaimii TeHETHYHOT
iHdopMalli - CHUHTE3 TMOJIMNENTUIHUX JIAHLIOTIB pUOOCOMaMH 3 BUKOPUCTaHHSIM
matpuiii MPHK; T. ckmamaerbcs 3 eramiB 1HIimiamii, peakiiid amiHOAIIWIyBaHHS
Mozekya TPHK, enonraiiii moiinenTuHUX JaHIIOTIB 1 TEPMIHALIT CUHTE3Y.

twisting number - koedimieHT 3akpyueHHOCTi. BigHOIIEHHS 3arajabHOTO
YKCIa Map HyKJICOTHAIB B ABoJaHIorosi mosnekym JHK mo map mykneorumis, 1o
BIIBOJIATRCS Ha 1 00epT cripaiti.

twofold rotational symmetry - naBocroponHs cumetpis. HasBHicTh
IIEHTUYHUX TIOCTIJOBHOCTEH B JIaHIfOrax ABosaHIoroBoi mojekyinu JHK mpu
yuTaHHI X B ogHoMy HampsMi (5 — 3' abo HaBmaku), T00TO JI.C. - BIACTUBICTH
naniagpoma <palindrome>.



