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After studying this chapter the students
will be able to:

25

* Describe the structure and function of nucleus and the
importance of hereditary material (Chromosomes,
genes, RNA, DNA) found in it.

» Identify the relationships among nucleic acids (DNA and
RNA), genes and chromosomes. -

* Describe the molecular basis of heredity including DNA
replication.

* Describe the purpose and processes of cellular
reproduction.

* Explainthe common genetic disorders

* Analyze the role of genetic engineering and
biotechnology in the present world .

| » Investigate careers that require an understanding of
reproductive biology.
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INTRODUCTION

All Iiviﬂganisms have the ability to produce the organism of
their oW kind by sexual or asexual mode of reproductigp

Genetic traits are transmitted to the next generation by the
process of reproduction and this characteristic of liyjn

organisms is known as heredity. During sexual reproduction
the union of male and female gametes OCCUr. The offsprings
produced by this method resemble their parents but are pot
exactly identical to them or to each other. In a sexually
reproducing species, the offsprings inherit genes from thej;
two parents and therefore, posSsSess unique traits. Therefore
no two organisms are exactly alike. The unlimitead differences
among living organisms are known as variations.

The field of science dealing with heredity and variations is
called genetics. With the advent of technological
advancements in the field of biology, separate disciplines of
investigation have arisen. Among these, biotechnology is one
of the leading fields of biology which has tremendous

implications on our day to day life.

Biotechnology is defined as the use of living microorganisms or
biological processes for industrial, agricultural or medicinal
orocesses for the welfare of man. Man has been using the
ability of the microorganisms to carry out fermentation for
hundreds of years to produce foods such as yogurt, cheese:
bread, etc. All these substances are made by fermentation

process brought about by yeast, bacteria or fungi. Citric a;lfr’";

: : cteria or '
produced commercially by the action of ba \d fung! o

whereas the antibiotic penicillin is produced by mou~ -
: > ature of genet’

bacteria. In this chapter you will study the N ] ge.net]c
material and application of biotechnology 2an= =

engineering in your daily life.




—

S : e “ —
| ;N ATURE OF HEREDITARY MATERIAL
B 5

~evious classes you have studied a brief description about

In the|Fand +s organelles. Recall that a typical cell consists of; cell

the € © _ce of plant cell), cell membrane, cytoplasm with

wall (IHES and the nucleus. In the following section you will study

“rganebout structure and function of nucleus and the importance of
b terial found in it.
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yucleus is 2 spherical structure found in the center of animal cell
u

dyoung plant cell but it occupies a peripheral position in a mature
b }t/cell Nucleus is the most prominent organelle in the cell which
planstitutés about 10 percent of the cell's volume. Nucleus is
;ggarated from the cytoplasm by the nuclear membrane. Generally
2 cell has only one nucleus (uninucleate). However, in some cells
the nucleus is absent (enucleate), for example, red blood cells.
Whereas some cells consist of two or more nuclei (multinucleate),

forexample, slime moulds.

Structure of Nucleus

Anucleus consists of a nuclear membrane, nucleoplasm, nucleolus
and chromosomes. Nucleoplasm,(also known as karyoplasm) is the
matrix present inside the nucleus.

Nuclear Membrane

E::ELE'E“’ material is enclosed in a nuclear membrane which is
conn e"aYEFEd membrane. The outer layer of this membrane Is

tCted to the endoplasmic reticulum. A fluid-filled space is
tween the two layers of a nuclear membrane. The
Membrane has several openings called nuclear pores.
diffar enDtOres Provide a passage for exchange of | e
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Nuclear
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aeture of nucleus.

Observe under the microscope peeled
epidermal cell of onion and frog blood cells

with the help of prepared slides.
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FOR YOUR INFORMATION =
Sifference betwsen Prokaryotic and Eukaryotic Cells

Biologistg have divided cells into two types, namely prokaryotic af
eukaryotic cell. The organisms made of prokaryotic cells are cai

1ad
"'.."_l
prokaryotes. Prominent differences between prokaryotic cell an
Eukaryotic cell is that prokaryotes are without a membrane boun®
nucleus and eukaryotic cells have membrane bound nucleus. Examp/e
~ of Prokaryotes are bacteria and blue green algae. Examples

M = [ it

B = '_.

eukaryotes are all other unicellular and multicelluar organisms U=

algae, plants and animals, < o "

L
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ylasm (protoplasm _of the nucleus) contains chromatin
me nuC :nd one or two nucleoli. During cell division, the chromatin
etwo"‘_"iq Converted into thick, uncoiled thread like structures
net“":’r cﬁromosomes' Each chromosome is composed of

Jribose qucleic acid (DNA) and a protein called histone.
geor’

osome carry genetic information in the form of genes which
e mitted from one generation to another,

are trans .
ver of ChrOMOSOMES IS specific in each species, for example, it

N 6in frog, 14 in pea, 48 in potato and so on.

<46inman, 2

:0R YOUR INFORMATION i

chromosomes in an organism are present in
nairs and these pairs are called homologous
chromosomes because in each pair shape
and size of the chromosomes are identical.

L p— -
. = T i ——— - T g, T .

Nucleolus

nuZQSides chromosomes, the other prominent structures in
May be €us, are the nucleoli. They are dark staining bodies. There
the one or more nucleoli per nucleus, generally depending on

ngfeges' They are composed of DNA and protein. From the

fmmnﬂb;?udeoli ribosomal RNA (rRNA) is made. Nucleoli are

the rnrrxteriaﬁi'-r ihe manufacturing and exporting to the cytgpl_asm

hprogei - PONSible for the production of the ribosomes on -
Nare synthesized. e

(O Ca e

O e Lﬂ b



Functions of Nucleus

Following are some of the important functions of the nucleys,

® Nucleus is the site of storage of hereditary material in the form,
genes. It also stores different types of proteins and RNA in t}?:

nucleolus.

® Messenger RNA (mRNA) and ribosomes are formed i, the
nucleus which are responsible for protein synthesis.

® It is a site for the exchange of hereditary molecules (Dya ang
RNA) between the nucleus and the rest of the cell.

® When cell divides, chromatin network breaks intg
chromosomes which are then equally transmitted intg

offsprings.

I 8.1.2 Nucleic Acids, Genes and Chromosomes

Nucleic acids are a major class of organic compounds required to
maintain life. Genes are the heredity material and are composedof
nucleic acids. Nucleic acids are also the messenger substances tha

convey information from the genes to the rest of the cell.

Nucleic acid molecules are long polymers of smaller building-blo
units called nucleotides which are composed of still smaller partsi?

5-carbon sugar, a phosphate group, and a nitrogen- containing
base.
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s bases are of four types namely, adenine, guanine,
y gnd cytosine. Both the phosphate group and the
genous hase are covalently bonded to the sugar molecule.
otide chain. The most important fact about DNA
+ has a specific sequence of nitrogenous bases, which carries
Aiwen n the form of genes that can be transferred from
iﬂforma-tlonto generation. This genetic information is needed to
Qe“eratlonuntless number of proteins from various combinations of

ONA is 2 polynuclé

Pr"duce;fnino acids. The four different types of bases can be
t“"'entyed in any linear order along a strand of DNA. Each sequence
pirens presents a unique set of genetic instructions.

of bases e

——— ———— — " T——

Fig: 8.2 Location of DNA in a cell. LA
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v directly involved in protein synthesis and is just the store
ONAS ﬂfo ~netic information that is transferred to RNA. There are

0 gs of RNA i.e. messenger RNA or mRNA, transfer RNA or
thre€ ﬁ;ad sibosomal RNA or
tRNA cach has its own specific

~arrle
-c acal
Aas

_Ribgnu_cleic Acid (RNA

(RNA . synthesis. The

- rotein SY _ S .00 S
rolé '”n %r RNA (mRNA) carries pﬁg:;hate Nitrogenous
messe stion from the DNA backbone

infor®. g to which protein IS
~ The transport of
cids to the site of protein
< is carried out by the

=
LS

amino @

pibosomal RNA (rRNA) in the

ibosome cooperates with tRNAsS B

to translate mRNAs into
septides. Genetic information _ B Adenine
trom the DNA to mRNA and then :_~?td - Uracil
to cytoplasm takes place in two i) G - A N
steps i.e  transcription and _/Nucleotide| Jll Guanine A
translation. |

Fig: 8.4 Structure of RNA.

Ribosome

-

Messenger RNA

Amino acid
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l Transfer of Genetic Information

r|

You have learnt in the previous section that nucleus containg genes
which are the carrier of information. All the characters of the ivin

organisms are expressed through genes which are made up o
DNA. Genes not only control our body characters but they als,
ehavioural characteristics like intelligence.

influence b
During protein synthesis mRNA copies the instructions present ,
the DNA . Each gene codes the instruction for a single protein only,
but one protein may have many different roles in the human body,
A single character, such as eye colour, may be influenced by Many
genes. These instructions are transferred by tRNA and a-
compiled in ribosomes by rRNA into polypeptide chain for the

protein.

. DNAto - “mRNAto
L SO MRNARC W —=— (. protein -
{(Transcription), (Translation)

DNA
Template -

R — gy . e i S e e e, S e .._-.:—-___,_.1— P g _

Fig: 8.6 Flow Chart of Transfer of Genetic Informatiof:




ing of instructions from the DNA to RNA takes place in
esence Of specific enzymes. In this process the sequence of
the P vides of DNA with the corresponding sequence of
aucleot es on MRNA is as follows.

DNA nucleotide RNA nucleotide
i Thymine Adenine
pi et r
Adenine Uracil
-h |
Cytosine Guanine
I r
i Guanine Cytosine
II =

it shows that mMRNA serves as interpreter between DNA and the
sequence of amino acid in a specific protein.

CYTOPLASM
& :

Free amino acids

tRNA bringing
amino acid to

-

5 |'1T' . :_: .
process.
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~ the cell is present In the nuc!eus, In Orge,
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cal nature of DNA.
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sed of chemical units known as nucleotides
of smaller parts; a _5-:(:arb0n SUgar

5 nitrogen- containing Dbase, B:Jt;
nous base are covalently bondEd .

DNA is compoO Eath
i« composed
group, and
agroup and nitroge

nucleotide
phosphate
phosphate
the sugar.

'I | | .

In 1962 qames Watson and Francis Crick ointIY received tf;e
Nobel F.)rlze for their 1953 determination of the structure
deoxyribonucleic acid (DNA).

28
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gtructur

d Crick proposed a model to explain the structure of DNA.
according to this model each DNA molecule is composed of two
trands that wind around each other. The sugar phosphate chainis
?gcated on outer side while the nitrogenous bases project towards

the center.

watson an

Sugar (deoxyribose)

-Phosphate group

Sugar-phosphate
backbone -

rhymine _ |
Adenine Nucleotide |

cﬁﬂ’]nﬂ |

Guanine

Fig: 8.8 Ladder like structure of DNA. .

bﬂ"«':;ﬁgenous bases of two strands are ﬂ'f ether Dy nyc
Bthes An Adenine on the chain always pairs with Ti

relation hain, while Guanine always pair r

Sh'D s known as complementarity, that i

e o
’ectle oy are complementary to eac h olives.
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ES:;;‘E‘S equal numpers of adenine _and thymine (A=T) andg equa|

J€rS of guanine and cytosine bases (C=G). The:
relationships show that A+G=T+C. These relationships help sie
determining how genetic information is encoded in DNA and Pasaeg
from one generation to the next.

Replication of DNA

While describing the structure of DNA, Watson gmd Criqk Proposeq
the way the DNA molecule can replicate. During replication, the
hydrogen bonds holding the two strands of DNA are broken Causing
gradual separation of two halves of a zipper. Complementary
nucleotides present in the cytoplasm join to form a new strained
along the older one. By completion of the process, two identica|

molecules of double stranded DNA are formed. Replication process
produces two new DNA molecules.

i]i'} "L ,I:W\lﬂl'l}li"' ‘fl{‘;lf*- 4l

"SIl
» :' New DNA forming

I:['jqie
!
f ¢ Free
|| _—‘ nucleotides
\

- A
-

«mmﬂmﬂ
i

DNA unwinding
and unzipping

R e | SR S —

N e e . i

—

Fig: 8.9 replication of DNA .
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9 CELL DIVISION

uction is defined as the ability of living organisms to produce
feprings like Fhemselves. Reproduction is essential for continuity
f]ife and survival of the species. Cell division ensures growth and
evelﬂpment of an organism and at the same time it helps in the
-rodUCti on of gametes (spgrms Sspores and eggs) which are
P solved in sexual reproduction and in the continuity of a species
eneration after generation.

Repro¢

every cell has the power of ‘gl_'oiwth and multiplication. Cells
reproduce themselves by cell division. In unicellular animals like
amoeba, the whole organism divides to produce two-daughter
amoebae. In multicellular organisms like human being, zygote (the
e rtilized egg) develops into an organism by repeated cell divisions.

7=
II

All cells of the body arise from pre-existing cells by cell division. Cell

svision provides basis for growth, reproduction and heredity.

2.4 Types of Cell ;livision

here are two major types of cell division.
Mitosis
Meiosis

Mitosis (Somatic Cell Division)

litosis may be defined as the regular process of cell division by
fich each of the daughter cells receive exactly the same number
Ndthe same kind of chromosomes that a parent cell contains.

' S'is a common method. It occurs in the body cells of all

'I.l and plants. As Mitosis occurs in the body (or soma)
i '€, Itis also called somatic cell division.

1itg is is ‘
COmpleted in six steps.
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¥ " IﬂterphaSE

The recti
interpﬁsatslzg ghase between any two mitotic division
i « DUuring this phase nucleus and cytopla
aCtWe-Thenu g P n ytoplasm

2. Prophase

IS Ca"eu
| i bECnm I
cleus prepares itself for division. g

During prophase the centrosome divides into two halves and eag,

half is surrounded by fine fibers called astral rays. This CONstitytas pﬂml
an aster. Now the two asters start moving away from each Other :
and finally reach the opposite sides of the nucleus. Between the two
asters appear fine fibres. These fibres form a spindle, which i
broad in the middle to form the equator and narrow towards the
asters which are now known as poles.

During this whole process the chromatin material of the nucleus js
converted into chromosomes. The nucleolus and the nuclear

membrane disappear and the chromosomes attach themselves tg
the spindle fibres.

3. Metaphase

During metaphase the centromere of each chromosome divides,
The daughter chromosomes or chromatids so formed are attached

to the half spindle fibers and arrange themselves on equator
forming equatorial plate.

4. Anapnase

During anaphase the chromatids separate. At the same time thé
spindle fibers contract which results in the movement Of
chromatids towards their respective poles.

S. Telophase

During Telophase the chromatids reach the poles where they meet '
each other to form a chromatin network. In each network nucleols®

reappears. Nuclear membrane is reformed around each chromatiz..
network. Thus two daughter nuclei are formed. Each daughtee’,;
nucleus contains the same number of chromosomes as IN thé
parent cell. The spindle fibres and astral rays disappear.
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gytokinesis
ision Of cytoplasm is called Cytokinesis. After

~ daughter nuclei, a constriction appears in theorrr:_‘?jt;;: 21;

A in the region of equator. This ¢ e
_plasm ' 5 onstriction is call
avage furrow. This cleavage furrow deepens and divides tﬁi

ent cell into two daughter cells. When the division of the cell is
'pletedr two daughter cells are formed. These two daughter
ic are the exact copies of the parent cell. The daughter cells pass
- the interphase. During interphase they grow to their normal

Interphase —>  Prophase——>  Metaphase
centromeres _ centromeres mitotic spindle
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Significance of Mitosis

Mitosis plays an important role in growth of an organism ang 9,
the number of chromosomes constant. The hereditary characte k&eps C
equally transmitted into the daughter cells. It also helps in heaI;-s L] Y
wounds and formation of new cells. oy 4
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The term “Meiosis” means reduction. In this type of cel| divisiop
number of chromosomes is reduced to half. This process occumi,;th*
reproductive organs (testes or ovaries). In animals, meiosis progy..
gametes while in plants it produces spores. During meijosjs four
daughter cells are formed from one parent cell. Meiosis is completes |
in two steps, Meiosis I and Meiosis II.

1. Meiosis I or Reduction Division

This stage is divided into the following sub phases.

L -
- T 1 N T« B
. 1 § = ey G d
i . - e

During this phase coiling and condensation of chromosomes take
place. The homologous chromosomes form pairs and this processis
called synapsis. Later on crossing over between the homologous
chromosomes takes place during which the chromatids exchang
their parts. Nuclear membrane disappear and spindle fibres a®
- formed. Chromosomes are attached to the spindle fibres.

WMetaphase - 1.

During metaphase-I the chromosomes arrange themselves O .
equator. These chromosomes are attached to the spindle fibres oY**
centromere. |

. Anaphase - 1: | |

- During anaphase-I contraction of spindle fibres OCC”rs‘pdT:
chromosomes start movement from the equator towards the hpaif
Reduction of chromosomes occurs at this stage as one from e
of chromosomes move to each pole.

aaaaaaaaaaaaaaaaaaa
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o-] these chromosomes reach the poles.
form @ chromatin network. Nuclear membrane
5
some

d the network. A new nucleolus appears. Thus two
roun
'anuclei are formed. -

Cell nucleus

Chromosomes
replicate

Matching
chromosomes
pair up

x ————

This creates a mix of new : a
genetic material in the Chromosomes swap .1 .
offspring’s cells. sections of DNA

daughter nuclei / - Chromosome pairs divide

Chromosomes divide:
daughter nuclei have
single chromosomes
_ -..}L_i:l.',,,-.. =..~..u;_.:.;.’ 'J n

-
e I g
. =
1

B . : -":”

. ‘h—'-‘___-_—-ﬁh . - :
Fig: 8.11 Different stages of meiosi

E :!;1.
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Then a groove is formed in the cell membrz;ne. This 9rogyg |
becomes deeper and deeper and divides the cell into two da”ghte,-
cells. The spindle fibres and the astral rays disappear. The centﬁﬁle
persists In each daughter cell. In this way two daughter cells are the

inf
il. Melosis 15 ;Y[

Meiosis II is just like mitosis. Meiosis II is completed through the cal
following steps.

1. ProphaseIl 2.Metaphasell 3.Anaphasell 4. Telophaserjj
After the first cell division, each of the resulting cells contains 3 Dair
of sister chromatids—-one maternal chromatid and the otpge,
paternal. Unlike mitosis, meiosis does not end after one division;_ it
continues with a second cell division. In this division, the sjster
chromatids are separated producing four haploid cells.

SIGNIFICANCE OF MEIOSIS

Meiosis is very significant because; |
1. In meiosis gametes are formed which are the sexual units of
reproduction. 1
2. Meiosis maintains constant number of chromosomes in the
organism by the union of haploid cells during sexual reproduction.
3. Meiosis causes exchange of genes, thus genetic variation occurs
among the species.

8.3 GENETIC DISEASES B e
Genetic diseases are those disorders which are transmitted from
parents to offsprings. Some of these disorders are discusﬁﬂd."

below:

a. Thalassemia 2

Thalassemia is a blood disorder which is hereditary in naturé:*
this disorder the body makes an abnormal form of haemod“”
(the protein in red blood cells that carries oxygen). The dis®™
results in excessive destruction of red blood cells which 1=

anaemia.
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& OCCUTS when there Is a defect in a gene that controls
Tnalassemtion of haemoglobin. Untreated thalassemia leads to
roduC d liver problems, and makes a person vulnerable to

P n .
tlfartfaulure;equent blood transfusions can help control some

:}'fectioﬂf’; However it may result i.n accumulation of iron, which
symptomg'e heart, liver, and endocrine system.

@ndam*

#
T

—_ e e

Normal Thalassemia

Malformed red |

Red blood cells blood cells

hite bl
', : ¢+ White blood§ A p :Va“;libood
00 * . cells ‘,0... )

| ¢ | ‘ \
° .. Platelets b‘ 3 ‘ , Platelets :

2

Fig: 8.12 Comparison of normal and malformed redblood cells.

-

Thalassemia is caused by mutations in the DNA of cells that make
faemoglobin,

=t TOBIT ———

: ; ‘rl\:utat!on IS a sudden change in g
T bzrgdlta fr:y material of life. MUf 1 ons can
i ene Icial ; I'IGUtra'l or ha W ha
! i rariinul 1o Ll
Organism. ! .' =

IR
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3 pairs Of TIOBIT 5
~ ihere are 2 | pair IS Anaemia jg |

human et 4::hrc::n*u::SCJm'a drome condition in Whigh
Iﬂromasom . Each 23. D wn's Synar e body does notchu-_,,&
r":lurnbered from t,—?«]ed with chromOSOQ':_e enough h¢=::=?‘|th;;t‘a""_ra
disorder 19 conc nstead of a palr ther'et a bloodcells.Redmm
number 1whefs'omes so an extiey e provide oxyge
three Chreoi;npreseﬂt to body tissues, Ak

0

chromos ‘ nown asi -3

i eatur !
the facial f n syndrome includes characterlstir@;

es. short stature, heart defects, susceptibility ol

facial featur |
respiratory infection and me

¢, Sickie cell anaemia
ales are equally affected by this disease. The
direct effect of the disease is that the red cells_ proFIu_ced hm
abnormal haemoglobin molecules. The molecules tend to link
together and crystallize, especially when oxygen content._.-qflg}' |
hlood is lower than usual. The shape of the cells become sickle-like,
which-are rapidly destroyed by the body. The cell count is rapid
decreased, causing anaemia and general weakness of the bod
This disease is the most common inherited among people of Africa

Both males and fe

T‘
I

|
510

b4
|

Fig: 8.13 Sickle shaped cells in blood.




ineering is a technique which is used for the transfer of
X organism to another. It allows genetic information
gene transferred between organisms belonging to the same or

e
to ent species:

ogy has been practiced by human society since the
orded history in such activities as baking bread,
SWing alcoholic beverages, or breeding food crops or domestic
e = Biotechnology is "the commercial application of living
srganisms OF their products which il}volves the deliberate
manipulation of the.lr DNA molecules". Biotechnology deals with
sifferent technologies such_ as gene manipulation and gene
—ansfer, DNA typing and cloning of plants and animals.

FOR YOUR INFORMATION®

Mechanism of Genetic Engineering

In genetic engineering, the genes of choice of an | |
organism are cut off by restriction enzymes and =
inserted into the cells of another organism of the
same or different species. For the transfer of
g;r;elf avictor usually a plasmid, is used which is
i Ct;lerrgular DNA molecule carrying genes fou_nd
i by lum. The gene, once transplanted inside

erium, begins to express itself and start

oducing th |
€ protein i s tha et
examNEInsuunp_ specified by the‘gg.r:;%%_ r
A" ! .I‘-E:;,
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8.4.1 Cloning

Cloning is the production of multiple
identical offsprings. A clone is an animal
who is genetically identical to its donor
"parent"”. Cloning can be achieved using
cells derived from a microscopic embryo,
a fetus, or from an adult animal.

Cloning from adult animals was
Introduced to the public in 1997 when
scientists announced the birth of Dolly, &
the first animal cloned in this way. Since L&
Dolly, several scientists have cloned #
other animals including cows and mice.

Fig: 8.14 Dolly: The ﬁrst .
cloned sheep.
Dolly is the result of cloning of only one parent. Scientists
transferred genetic material from the nucleus of an adult sheep's
udder cell to an egg whose nucleus had been removed. There have

now been hundreds of clones produced from skin cells taken from
adult sheep, cattle, goats, and mice.

8.4.2 Transgenic Animals and Plants

Genes or genetic material can be transferred naturally, or by @
number of genetic engineering techniques from one organism t0
another. A transgenic organism (plant or animal) is one that carriés
a foreign gene that has been deliberately inserted into its DNA. Thls
inserted gene can create proteins which are useful for the mankind.

Transgenic animals are created to study human diseases andtz
develop and identify the drug useful to treat these diseases. G€"

transfer is done in animals to increase the milk production and t0
produce useful proteins.

I '-F =
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zOR YOUR INFORMATION

Responsible scientists, farmers, |

_ manufacturers, and policy |
Jocs ognize that the use of |

organisms should be |
considered  Very carefully to |

' no |
~ ensure that they pose .
F znvironmental and health risks. |

| ..+tv should be provided with a
& i:faiﬁmd view of the fundamentals of biotechnology and

~ genetic engineering and the benefits and risks of the new
—'J . technology.

e . T e

8.5 Application of Biotechnology and Genetic
Engineering

Biotechnology and genetic engineering have wide range of
applications in the present world. _ | \
The two significant features of genetic engineering are:
* production of beneficial proteins and enzymes

Quantities = |

’ | : BT e, ! ';- : -'1,- e mAs = .
Teation of genetically modified organisms Wil
haracters L

in surplus

useful

Some . e
in p,%fntthe applications of biotechnology and gen
"World are as follows. it
O

"

g - -
--.-'_#. h. Ir
il I:
| T
“F
l':‘ll-
"l.l_"‘" !
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Sictechnology . 'y GEenetic 1 .r“r?:rﬂ;rr;m.q nt .
Agric | e field op

Agricultural biotechnology is the area of biotechnoloqy
applications to agriculture. Agricultural biote
practiced for a long time, as people have :
agriculturally important plants by selective breed; empm\'e
of traditional agricultural biotechnology is AMplg

| | e the dEVE|0pment
disease-resistant wheat varieties by Cross-breeding diffel.uf
wheat types. -

Today, this technology has reached a stage where scient
take one or more specific genes from nearly any organism Including
plants, animals, bacteria or viruses, and to introduce those genes
Into plants to get the required characteristics in those plants,

ISts can

/

Fig: 8.15 Biotech crops are profitable.
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is being used to speed up breeding program
BioteChEi-:ﬁgyﬁsh and to extend the range of usefEI t?aits.n;\?\?nf'g;
Westocnd feeding practices are being changed by biotechnology to
r?JSE animal nutrition and to reduce environmental wastes.
imp
ology is used in the diagnosis of various diseases. It is also
' used in the production of vaccines which help animals to fight
belrd t several diseases. Biotechnology has made possible the
aga:jnsction of enzymes, single-cell proteins and antibiotic feed
L%igves. These products have been widely used to improve the
;«ailability of nutrients from feeds and the productivity of livestock

and aquaculture.

giotechn

Gene-based technologies are used to improve animal nutrition.
This is done either through modifying the feeds to make them more
digestible or through modifying the digestive and metabolic
systems of animals to enable them to make better use of the

available feeds.
- One example of commercial success is the use of somatotropin, a

L hﬂ_l‘m'one that results in increased milk production and accelerated
growth in dairy cows.

umﬁchnﬂ,iggy.a ntl Genetic Engineerdingim the fisid of

| Processing —
- Bioteep, kot .
' ' n - J. R e e —ir- _.: S, r_E,h_ “_. -r.f,-.,.-?,'"‘ = - & -
has help: 99y has found its role in food rocessing seti
ety q rawus to convert relatively bulky, perishable and typically
dis ale Materials into more useful and edible foods and drink
°Processed in order to improve its quality and safety.
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Collecting DNA samples

Blood is an excellent source of DNA. It is collected from r‘
the white blood cells (mature red blood cells do not =~

I

; contain DNA). DNA can also be obtained from haj =
follicles, or from any other cellular tissue. i
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iv. Biotechnology and Genetic Engineering in the Field
of Pharmaceuticals

Micro-organisms have been used for decades as living factories for
the production of life-saving antibiotics including
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ally engineered vaccines are being develo
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enet stock against pathogens and parasites.

ped to protect fish
and live

cOR vOUR INFORMATION
' rensic analysis using biotechnology §
‘_A;FO thods IS important in criminal %
3 ;msestigations. Analysis of proteins in &
2 | Ibr}OUd (serology), other body fluids and
thdY tissues has a long tradition in
torensic analysis in criminal

investigation.
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¢ Genetic traits are transmitted to the next generation by
| the processes of reproduction and this characteristic of
living organisms Is known as heredity.

. * Atypical cell consists of; cell wall (in case of plant cell),
| cell membrane, cytoplasm with organelles and the
!

nucleus.

& Cytoplasm contains about 90 percent water and the
| remaining 10 percent are the fundamental molecules of
. life such as insoluble waste products and storage

products.

| # The nucleus is the most prominent organelle as
compared to other cell organelles. |

. # Nucleus consists of a nuclear membrane (nuclear
| envelope), nucleoplasm, nucleolus and chromosomes.
| Nucleoplasm, also known as karyoplasm, is the matrix

l. present inside the nucleus.

¢ The nucleus communicates with the remaining of the
cell or the cytoplasm through several openings called

nuclear pores.

+ Genes are the heredity material and are composed of
nucleic acids. These acids are also the messenger
substances that convey information from the genes ©©

the rest of the cell. ; |
. # DNA has a specific sequence of nitrogenous B |

_all

which carries information in the form of gen‘e&tl;fafg S
be transferred from generation to generation.
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yAs are of three types i.e. messenger RNA or mRNA,
o RN - RNA or tRNA and ribosomal RNA or rRNA. These

: 1*{;f T " . z
ESL Lave specific role in protein synthesis.

“NA has equal numbers of adenine and thymine (A=T)

ad equal numbers of guanine and cytosine residues |
d |

(C=6)- _

cell division ensures growth and development of an
anism and at the same time it helps in the production

g;ggametes and in the continuity of a species generation

sfter generation.

Mitosis is a cell division by which each of the daughter
cells receive exactly the same number and the same
«ind of chromosomes as in the parent cell.

Meiosis maintains constant number of chromoso_mes in
the organism by the union of haploid sperm with the
haploid egg during sexual reproduction.

which are

¢ Genetic diseases are those disorders
transmitted from parents to the offsprings.

¢ In thalassemia the body makes abnormal form ‘of
haemoglobin, the protein in red blood cells that carries
Oxygen.

Biotechnology can be broadly defined as using living
Organisms or their products for commercial purposes.

o its

C,
£~

Aclone is an animal who is genetically identi
dﬂnor "pa rent" . N
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eiosis, crossing over occurs in:

5 Metaphase |
H._Prophasel

inm

~ Metaphase |l
4. Prophasell

Each section of information necessary for the synthesis of

a single polypeptide is:
5. Chromosome

b. DNA

c. Gene

d. Protein

A highly coiled, condensed form of chromatin formed in

the cell nucleus during meiosis and mitosis is:

a. Chromosome |
. Spindle fibers
c. DNA

d centromere

A double helical molecule, consisting of two strands . l

four different nucleotides containing @ 9‘“’-“ \
information is: NG e

2 Chromosome B ()

n. DNA |

¢ Gene :
d. Aster .
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proteins are synthesized in:
5. Lysosome

h Mitochondrion

. plasmid

4. Ribosomes

% of cell division where each of the two daughter
es a complete set of chromosomes is called:

A process
cells recelVv

a. cytokinesis
h. AmItoSIS

C. MitOSfE

d. Meiosis

A specialized protein that binds to DNA and organize its

structure in the nucleus

a. Chromosome
h. Histone

¢. Hormone

d. Enzyme

Chromosomes can be counted best at the stage of:

a. Metaphase
b.Anaphase
c. Telophase
d. Prophase

The stage in which daughter chromosomes move toward
thg poles of the spindle is:
4. Anaphase

b.Metaphase

¢.Prophase i

4. Teloph: |
% < il
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which of the following cellular structures
disappears during mitosis and meiosis?

.. Plasma membrane
H. Nucleolus and nuclear envelope

Plastids
4. none of these

L |
g }
-
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12. During meiosis |, the number of chromosomes is:
a. Halved
b. Tripled
¢. Doubled
d. Quadrupled

13. The diploid chromosome number for the house fly is 12
The haploid number of chromosomes found in thej

gametes would be:
a. 1 b. 3
c.6 12

14. Which of the following is NOT a function of cell division?

a. growth of multicellular organisms
b. repair of multicellular organisms
‘c. reproduction of singie-celled organisms
d. aerobic cellular respiration of multiceliular organisms

15. Which of the following statements about mitosis is NOT

correct? _
a. Mitosis is cell division that produces two daughter w"-s.%nw

b. Eachdaughter cell formed by mitosis has the samen
of chromosomes as the parent cell. ey

c. Theparent cell and the daughter cells are g.ernétiiaﬁ“!
identical. -1 I

d. During mitosis, the centromeres divide and the siS®
chromatids stay together. e




anaphase. prophase, metaphase, telophase
i' orophase, anaphase, metaphase, telophase
© _-hase, metaphase, anaphase, telophase

‘ Erﬂ[‘* i =T e
Z Brophase. metaphase, telophase, anaphase

hich of the following statements is NOT correct when

cells undergo meiosis”?

5. MeiosiS ansures that the chromosome number remains
" onstantgeneration after generation.

b, Meiosis ensures that each generation has a different

genetic makeup than the previous one.

Meiosis ensures thateach newly formed daughter cell
e~ - ~f %
receives the same number and kinds of chromosomes.

4 Meiosis results in four daughter cells.

7. W

C.

18. Thalassemia isdue to
2 abnormal biood
h. abnormal haemoglobin
- abnormal white blood cell
d. abnormal platelets in the blood

B. Write short answers of the following questions.

1. What is the role of nuclear pores in the nucleus?
g List down four major functions of nucleus.
- Write the role of RNA as a carrier of informatiol 2
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3. Define interpha:\se. E5t - |
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, eaﬂtydwnte about the significance of mit
© you mean by genetic disorders?
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 Describé th

lowing questions,

ure and function of nucleus.

Describe the struct
of hereditary material founq

e importance

in nucleus.
rdentify the relationships among nucleic acids (DNA

and RNA), genes and chromosomes.

Nescribe the molecular basis of heredity.

Give an overview of the process of DNA replication,

Describe the process of mitosis in detail.
Describe the process of meiosis in detail.
Explain thalassemia and Down's syndrome as

common genetic disorders.

Analyze the role of genetic engineering and

biotechnology in the fields of agriculture and food
processing.




