After studying this chapter the students
will be able to:

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.

Explain the common genetic disorders

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

Investigate careers that require an understanding of
reproductive biology.




INTRODUCTION

All Iivir“ganisms have the ability to produce the organism of
their o kind by sexual or asexual mode of reproduction

Genetic traits are transmitted to the next generation by the
process of reproduction and this characteristic of living
organisms is known as heredity. During sexual reproductigp
the union of male and female gametes OCCur. The offsprings
produced by this method resemble their parents but are not
exactly identical to them or to each other. In a sexually
reproducing species, the offsprings inherit genes from thej
two parents and therefore, possess unique traits. Therefore
no two organisms are exactly alike. The unlimited difference;
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
processes 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, chee_-‘»:l;
bread, etc. All these substances are made by fermt‘i'natzit.:”5
C

process brought about by yeast, bacteria or fungi. (}it" fung
oroduced commercially by the action of bacteria o vl
whereas the antibiotic penicillin is produced by mould fuggetic
bacteria. In this chapter you will study the nature of genetlc
material and application of biotechnology and 9

engineering in your daily life.




| NATURE OF HEREDITARY MATERIAL

revious classes you have studied a brief description about
| and its organelles. Recall that a typical cell consists of; cell
he ce! case of plant cell), cell membrane, Cytoplasm with
wal (llrl‘es and the nucleus. In the following section you will study
Organebout «tructure and function of nucleus and the importance of
more jatarY material found in It.

a spherical structure found in the center of animal cell

4young plant cell but it occupies a peripheral position in a mature
b rcell Nucleus is the most prominent organelle in the cell which
plarjstitutés about 10 percent of the cell's volume. Nucleus is
Z:;arated from the cytoplasm by the nuciear 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.

Nudeu5i5

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::ar material is enclosed in a nuclear membrane which is
ctm“effcjclayered membrane. The outer layer of this membrane Is
prese ed to the endoplasmic reticulum. A fluid-filled space is

"t between the two layers of a nuclear membrane. The

Nucleg
eserp;?_embr'ane has several openings called nuclear pores.
diffErent €S provide 3 passage for exchange
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Nuclear
Envelope

Chromatin

Endoplasmic
Reticulum

Nuclear
Pore

Ribosomes

cture 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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Difference between Prokaryotic and Eukaryotic Cells

B:oiogists_-, have divided cells into two types, namely prokaryotic and
eukaryotic cell. The organisms made of prokaryotic cells are calléd
IE’LT:;BWOF&S. Prominent differences between prokaryotic cell an
nUderJ:tlcdcell is that prokaryotes are without a membrane bou™
- ka::m eukaryotic cells have membrane bound nucleus. ExamP®%

rokaryotes are bacteria and blue green algae. Exampies ~

eukaryotes are all oth g A
er unicellular and m aanisms suci
algae, plants and animals. nd multicelluar organisms >===
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|
ch reoplasT (protoplasm _of the_ nucleu;) contains chromatin
e ﬂu{ ~nd one Ortwo‘nucleo_lr. Durlng'cen division, the chromatin
net“’m_ Lis ~onverted into thick, uncoiled thread like structures
K somes. Each chromosome is composed of

et .hromo

calle hose qucleic acid (DNA) and a protein called histone.
r

carry genetic information in the form of genes which
chrome2" i od from one generation to another.

¢ chromosomes is specific in each species, for example, it
n, 26in frog, 14 in pea, 48 in potato and so on.

:OR YOUR INFORMATION

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.

Nucleolus
Besides chromosomes, the other prominent structures in
' m:‘b’:‘eus.- are the nucleoli. They are dark staining bodies. There
R I;‘ef:ine or more nucleoli per nucleus, generally d_ependmg on
D’“ofthes' They are composed of DNA and protein. From_ the
'%mnsibf Nucleoli ribosomal RNA (rRNA) is made. Nucleoli are
"% magers, O (1€ Manufacturing and exporting to the cytoplasm
Which proteinr‘esmmsible for the production of the ribosomes Of
are synthesized. o i
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Functions of Nucleus

Following are some of the important functions of the nucleys

Nucleus is the site of storage of hereditary materialin the form
genes. It also stores different types of proteins and RNA " t}?f
¢

nucleolus.

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

® Itis a site for the exchange of hereditary molecules (DN 4,
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.

B¢ 8.1.2 Nucleic Acids, Genes and Chromosomes

@

Nucleic acids are a major class of organic compounds required t
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-bloc
units called nucleotides which are composed of still smaller partsi?
5-carbon sugar, a phosphate group, and a nitrogen- contain®

base.
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f four types n I ' '
onous bases are O YP amely, adenine, guanine
ine and cytosine. Both the phosphate group and thelr
thy enous base are covalently bonded to the sugar molecule.

< 3 polynuclepyzide chain. The most important fact about DNA
< that it has a specific sequence of nitrogenous bases, which carries
nformation in the form of genes that can be transferred from
eneration tO generation. This genetic information Is needed to
produce countless number of proteins from various combinations of
rwenty amino acids. The four different types of bases can be
any linear order along a strand of DNA. Each sequence

arr:‘aﬂf.?led in : '
of bases represents a unique set of genetic instructions.

DNA

Nucleus Chromosome

i
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Fig: 8.2 Location of DNA in a cell.
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avolved in protein synthesis and is just the store
ormation that is transferred to RNA. There are

: n[}t dir‘EthY |

DNA; of genetic iﬂf‘
nouse © °< of RNA i.e. messenger RNA or mRNA, transfer RNA or
thre€ t;id ibosomal RNA or ;-.
tR: cach has its own specific r
RN 1 synthesis. The S
n protell : Sugar o
role | or RNA (mRNA) carries phosphate l:;t;gganous
backbone

f"essengtion from the DNA
which protein Is
The transport of l

i~ acids to the site of protein
B s is carried out by the

riposomal RNA (rRNA) in the
ribosome cooperates with tRNAS
to translate mRNAs iInto
peptides. Genetic information
trom the DNA to mRNA and then
to cytoplasm takes place in two
steps i.e  transcription and |

translation.
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Fig: 8.4 Structure of RNA.

Ribosome
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Messenger RNA Ribosomal RNA

Amino acid

Fig: 8.5 Three types ﬁf RNA.



i Transfer of Genetic Information

You have learnt in the previous section that nucleus containg Genes
which are the carrier of information. All the chf:lracters of the "Ving
organisms are expressed through genes which are made up of
DNA. Genes not only control our body chara.cters but they alsy
influence behavioural characteristics like intelligence.

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

protein.

-  DNAto ‘mRNA to
DNA | g : 8
L » < “MRNAD 0 =———=""—2 (" protein:

Template . i 7
ey oy = .(_Transcr_lptlgl_'l). (Translation)
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Fig: 8.6 Flow Chart of Transfer of Genetic Information-
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~coding of instructions from the DNA to RNA takes place in
The eresen ce of specific enzymes. In this process the sequence of
the potideS of DNA with the corresponding sequence of
"”C,'Eotides on mMRNA is as follows,
nuc
DNA nucleotide RNA nucleotide
£ Thymine Adenine
.---"""'__"_“_._—________ a T
Adenine Uracil
(Gt r
Cytosine Guanine
| | T
Guanine Cytosine

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

CYTOPLASM
B .

Free amino acids

tRNA bringing
amino acid to
ribosome

1 t
% incorporating %
& amino acids E
0 into the growing
t otein chain l
i b s |

mRNA being translated [
— Ribosome

ey r 'h— LT el Y .

9:87 An overview of protein synthesis process.
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| is present In the nucleus. In
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Genetic information =~ e ihis nformation present in the py, We
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DNA IS composed of chemical units known as nUdeOtldes' Each

i COmDOSEd of Smaller partS; a .5-'(:arb0n SuQar,a
_ and a nitrogen- containing base. Bot}
nous base are covalently bongg, t

nucleotiae
phosphate group, |
phosphate group and nitroge

the sugar.

.1. £l

In 1962 James Watson and Francis Crick jointly ,—eceived th?

Nobe| Erize for their 1953 determination of the structure .
deoxyribonucleic acid (DNA).
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Watson and Crick proposed a model to explain the structure of DNA.

ording to this model each DNA molecule is composed of two
AC nds that wind around each other. The sugar phosphate chainis
fggtﬁd on outer side while the nitrogenous bases project towards

Sugar (deoxyribose)

-‘Phosphate group

Sugar-phosphate
backbone

Thymine
Adenine Nucleotide

Cytosine

Guanine

Fig: 8.8 Ladder like structure of DNA.

Ni
ogenous bases of two strands are held together Dy nyc

| ::#ed: - An Adenine on the chain always Dalrs wi

"®lationgh, hile Guanine always pairs |

hip s k Mewele
n ' aliLy, \
D_NA mole own as complementarity, |

| leeCtiQns?u‘e are complementary to e L




d BiOtEChnm ogy

numb bers of adenine and thymine (A=T) and e
m_ers of guanine and cytosine bases (fC=G). Thege
relationships show that A+G=T+C. These relationships help i

determining how genetic information is encoded in DNA and Passeg
from one generation to the next.

DNA has equal num

Replication of DNA

While describing the structure of DNA, Watson gnd Cric_k 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 straineg
along the older one. By completion of the process, two identical

molecules of double stranded DNA are formed. Replication process
produces two new DNA molecules.
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Fig: 8.9 replication of DNA .
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ction is defined as the ability of living organism
;E;;#;s like themselves. Reproduction is essgntial fasrtgopnrggﬁiii
f”fe and survival of the species. Cell division ensures growth and
-eqeiopment of an organism and at the same time it helps in the
roductiﬂ"” of gametes (sperms spores and eggs) which are
| solved in sexual reproduction and in the continuity of a species

aeneration after generation.

very cell has the power of _gljo.wth and multiplication. Cells
sproduce themselves by cell division. In unicellular animals like
amoeba, the whole organism divides to produce two-daughter
, moebae. In multicellular organisms like human being, zygote (the
rtilized egg) develops into an organism by repeated cell divisions.
All cells of the body arise from pre-existing cells by cell division. Cell
svision provides basis for growth, reproduction and heredity.

' 2.1 Types of Cell division

mere 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
hich each of the daughter cells receive exactly the same number
'dthe same kind of chromosomes that a parent cell contains.

' isl s a common method. It occurs in the body cells of all
0s and plants, As Mitosis occurs in the body (or soma)

:-."' e S T
© Itisalso called somatic cell division.

itosis ;
>Scompleted in six steps.
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R InterphasE pa——

The rest
; estin M e *
'nterphase,g r-l;)hase between any two mitotic division js

. . call 9!
, uring this phase nucleus and cytoplasm be & V!

. C
active. The Nucleus prepares itself for division. OMe E’,qﬂpl
A prl)phase Cyto

During Prophase the centrosome divides into two halves angd eac
half is surrounded by fine fibers called astral rays. This CONstitytes | o
an aster. Now the two asters start moving away from each Other ieus
and finally reach the opposite sides of the nucleus. Between the ty,,
asters appear fine fibres. These fibres form a spindle, which j
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 i
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. Anaphase

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

5. Telophase

During Telophase the chromatids reach the poles where they meet 1
each other to form a chromatin network. In each network nucleolVs |

reappears. Nuclear membrane is reformed around each chrol‘ﬂat":,.._ "
network. Thus two daughter nuclei are formed. Each daughtee,
nucleus contains the same number of chromosomes as N tné
parent cell. The spindle fibres and astral rays disappear. |




..inn of cytoplasm is called Cytokinesis. |
SIdoaughtEr nuclei,'a constriction appe:gezr';thtehfeorr?iadté?n o
plasm in the region of equator. This constriction is c:ll:;
age furrow. This cleavage furrow deepens and divides the
ent cell into two daughter cells. When the division of the cell is
pletedr two daughter cells are formed. These two daughter
< 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 ",
the number of chromosomes constant. The hereditary characte keeps C
equally transmitted into the daughter cells. It also helps jn hea?na“ 2

wounds and formation of new cells. Qo d

.‘iu‘* - 4 '1:.'“-

The term “Meiosis” means reduction. In this type of cel| divisign t
number of chromosomes is reduced to half. This process occursi,;ulle
reproductive organs (testes or ovaries). In animals, meiosis progyq.
gametes while in plants it produces spores. During meiosjs fou B
daughter cells are formed from one parent cell. Meiosis is Completeg
in two steps, Meiosis I and Meiosis II.

I. Meiosis I or Reduction Division
This stage is divided into the following sub phases.

» .'-"'Jll'ﬂ-'
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31

During this phase coiling and condensation of chromosomes tak
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.

Metaphase - 1.

Juring metaphase-I the chromosomes arrange themselves On
quator. These chromosomes are attached to the spindle fibres bY

ntromere.

. L. Anaphase - 1:

__ _ e
~ During anaphase-I contraction of spindle fibres occurs ¥
- chromosomes start movement from the equator towards tggch o

Reduction of chromosomes occurs at this stage as one from
of chromosomes move to each pole.
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hase-I these chromosomes reach the poles.
TeIG'i; form a chromatin network. Nuclear membrane
somsnd the network. A new nucleolus appears. Thus two
ro
-nuclel are formed. -

Cell nucleus

During melosis, ChromOSOmBs 4 Chromosomes

trom both parents are copied § replicate

and palired to exchange
Matching
chromosomes
pair up

]
This creates a mix of new A -
genetic material in the Chromosomes swap .
offspring’s cells. sections of DNA ;
a‘
Nucleus divides into 5
Chromosome pairs divide ;
i 5%
i .
| i
L e
Chromosomes divide: 3

daughter nuclei have
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Then a groove is formed in the cell membrane. This 9rooyg

ivides the cell into two day
becomes deeper and deeper and divides the Ohte,
cells. The spindle fibres and the astral rays disappear. The Centrig), 1h
persists in each daughter cell. In this way two daughter ce||g ahe the
e
ed. h

form e
ii. Metosis 11 oy
cafl

Meiosis II is just like mitosis. Meiosis II Is completed through the

following steps.
1. Prophase Il 2.Metaphasell 3.Anaphasell 4. Telophaser;

After the first cell division, each of the resulting cglls contains a pajr
of sister chromatids—-one maternal chromatid and the othe,

paternal. Unlike mitosis, meiosis does not engl aﬁ:_e!' one division;;t
continues with a second cell division. In this division, the Sister

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.
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 GENETICDISEASES

Genetic diseases are those disorders which are transmitted frm
parents to offsprings. Some of these disorders are discussed

below:

a. Thalassemia B
Thalassemia is a blood disorder which is hereditary in naturé:”
this disorder the body makes an abnormal form of haemO_Q-__.
(the protein in red blood cells that carries oxygen). The dis%”

b

results in excessive destruction of red blood cells which €€

gl
.

anaemia. A o
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_ occurs when there Is a defect in a gene that controls

se”::'té;on of haemoglobin. Untreated thalassemia leads to
e ! dﬂre and liver problems, and makes a person vulnerable to

eartfail Frequent blood transfusions can help control some
iﬂfect"-"" _ However it may result in accumulation of iron, which
:5.e heart, liver, and endocrine system.

&
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Normal Thalassemia

Malformed red
blood cells

lood cells

o :' White blood§ -ﬂ' bbbl 153
' . : | cells
Yo0q ¢ 2 Y. ‘f ¥

| . ‘/Platelats

# T_'

‘ Platelets
Pl

Fig: 8.12 Comparison of normal and malformed redblood cells.

Thalassemia is caused by mutations in the DNA of cells that make
fizemoglobin.

[ TIDBIT

}I:Iutation Isasudden change in DNA, the
% berEd'ta"V material of life. Mutations can
 oreneficial, neutral, or harmful for t
- Organism. e
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| in 4 pair IS Anaemia jg
{n human ch chromos g Syndrome condition in whichtha

L

E
osome: . bown ody does
ﬁz:-zr{;nered from 16115‘?16(1 wit chrﬂmosog:_z gnoﬂgh hear}:::yhave
disorder is conce read of @ pair tnete blood cells. Redblred
number 21 Wheresgf-nes, So an extra cells provide oxy;zd
threée Chreoi?porese nt to body tissues. ;
chromosoO
s commonly known as e———

Mongolism as Sown syndrome includes characterig
people look 11K ";ﬁgft"'ﬁiamre, heart defects, susceptibility ¢, f

cial features, iAr
rfzspiratory infection and mental retardation

é. Sickle cell anaemia
es are equally affected by this disease. The
direct effect of the disease IS that the red cells produced hayg_
abnormal haemoglobin molecules. The molecules tend to Iink
together and crystallize, especially when oxygen content-o!ﬁi_;:
blood 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 Affic

Far |
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Both males and femal
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Fig: 8.13 Sickle shaped cells in blood.
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ENETI‘{’ ENGINEERING AND BIOTECHNOLOGY

engineering is_ a technique which is used for the transfer of
one organism to anoth_er. It allows genetic information
ferred between organisms belonging to the same or

g4 ©
etiC

Ger from

es

'teChnOIOgy has beer_u pract_iced by human society since the
B'O*nning of recorded history in such activities as baking bread,
begjving Jlcoholic beverages, or breeding food crops or domestic
D;?maIS- Biotechnology IS "the commercial application of living
zrganisms or their products which involves the deliberate
manipulation of their DNA molecules". Biotechnology deals with

different technologies such as gene manipulation and gene

ransfer, DNA typing and cloning of plants and animals.

£0R 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
E;r:i' avictor usually a plasmid, is used which is
L Ct;;r:ular DNA molecule carrying genes fou_nd
e o ::_m. The gene, once transplanted inside
odu, Tr:l;, be%u?s to express itself and start
exammﬂnsulin?m ein specified by thegene
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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 %
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_to
another. A transgenic organism (plant or animal) is one that carriés
a foreign gene that has been deliberately inserted into its DNA. ThIS
inserted gene can create proteins which are useful for the mankind.

Transgenic animals are created to study human diseases and tg
develop and identify the drug useful to treat these diseases. Ge"

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




zOR YOUR INFORMATION

ible scientists, farmers,
_?ejgonmsanufacturers, and policy |
ke niakers recognize that the use of |
transgenic organisms should be |
) considered  Very carefully to
B . ..re that they pose no|
et envimnmental and he_alth r!sks. |
; 'i society should be provided with a :
~ palanced view of the fundamentals of bloir'echnology and
~ genetic engineering and the benefits and risks of the new

g  technology.
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8.5 Application of Biotechnology and Genetic
Engineering
Biotechnology and genetic engineering have wide range of
epplications in the present world. _ _ ;
The two significant features of genetic engineering are.
duantities R
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* production of beneficial proteins and enzymes In surplu
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Agricultural biotechnology is the area of bi
- . IOtec 2
applications to agriculture. Agricultural biote bl

praf:ticed for a long time, as people have .
agriculturally important plants by selective breed; n MProy

of traditional agricultural biotechnology is the develo CXampjq

disease-resistant wheat varieties by cross-b ng ke
- re .
wheat types. o ifferen

Today, this technology has reached a stage where sCientists
take one or more specific genes from nearly any organism im:ludm|n

L - . L - in
plants, animals, bacteria or viruses, and to introduce those gené
Into plants to get the required characteristics in those plants,

:-frh- W i

Fig: 8.15 Biotech crops are profitable.
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: i d to speed up breedin
' ology is being use g programmes for
B,gteCEE and fish and to extend the range of useful traits. Animal
Iivestoand feeding practices are being changed by biotechnology to
ri;ve _nimal nutrition and to reduce environmental wastes.
imp

. [o]e
BlOteChno .
heing used I

v is used in the diagnosis of various diseases. It is also
the production of vaccines which help animals to fight

ot several diseases. Biotechnology has made possible the
agaén ction of enzymes, single-cell proteins and antibiotic feed
P"%,tl;ves. These products have been widely used to improve the
:ﬂa':lability of nutrients from feeds and the productivity of livestock

and aquaculture.

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

hormone that results in increased milk production and accelerated
- owthin dairy cows.

| ii‘1h.'."%l;ft:hnw;:lt:»g,yr antl Genetic Engineerdingim the fisld of
1 Processing | .
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Collecting DNA samples

gy

Blood is an excellent source of DNA. It is collected from i
the white blood cells (mature red blood cells do not *-4
3 contain DNA). DNA can also be obtained from hair =
follicles, or from any other cellular tissue. e

el

-
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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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LA (serology), other body fluids and
body tissues has a long tradition in
~ forensic analysis in criminal

investigation.

ally engineered vaccines are being develo

: ped to .
ctock against pathogens and parasites. protect fish

adlive

~OR YOUR INFORMATION

rensiC analysis using biotechnology
Fﬂethods is important in criminal
;Evestigations. Analysis of proteins in




& Genetic traits are transmitted to the next generation by
the processes of reproduction and this characteristic of
living organisms is known as heredity.

¢ A typical 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

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 bases
which carries information in the form of genes that &
be transferred from generation to generation.
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as are Of three types i.e. messenger RNA or MRNA,
eor RNA or tRNA and ribosomal RNA or rRNA. These

qual numbers of adenine and thymine (A=T)

DNA has € | | i
numbers of guanine and cytosine residues

and equal
(C=G6)- |
cell division €nsSUres growth and development of an
organism and at the same t_nrng it helps in t.he productjon
of gametes 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

kind of chromOSOMES as in the parent cell.

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

¢ Genetic diseases are those disorders which are

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.
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A clone is an animal who is genetic identical |
donor "parent”. e
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EXERCISE

n the following questions,

Jlectthe C orrect answers |

The normal human chromosome diploid numberis:

a. 23
. 24
1B
j.48

b. Prophase |
~ Metaphase |
4 Prophase ll

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

h. Spindle fibers

. DNA

d centromere

A double helical molecule, consisting of two stnnd't: 3
four different nucleotides containing @ 9""_'_':;
information is: o

a. Chromosome LA

b. DNA

c. Gene

d. Aster
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proteins are synthesized in:

6. a. Lysosome_

b, Mitochondrion

- Plasmid

d. RibﬂSOfﬂeS__

cess of cell division where each of the two daughter
ceives a complete set of chromosomes is called:

A pI'O
cellsre

a. Cytokinesis

h. AmitosiS
C. MitOSiS
4. Meiosis

A specialized protein that binds to DNA and organize its

structure in the nucleus

a. Chromosome
h. Histone

c. Hormone

d. Enzyme

Chromosomes can be counted best at the stage of:

a. Metaphase
b.Anaphase

c. Telophase
d. Prophase

- 10. The stage in which daughter chromosomes move toward

the poles of the spindle is:
a.Anaphase

> Metaphase
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which of the following cellular structures
disappears during mitosis and meiosis?

5. Plasma membrane
H. Nucleolus and nuclear envelope

~ Plastids
d. none ofthese

11. a"“‘&yg

12. During meiosis |, the number of chromosomes is:
a. Halved
b. Tripled
c. Doubled
d. Quadrupled

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

gametes would be:
a1 b.3
c.6 12

14. Which of the following is NOT a function of cell division?
a. growth of multiceliular organisms
b. repairof multicellular organisms_

‘c. reproduction of singie-celied 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 cells.

b. Eachdaughter cell formed by mitosis has the same number
of chromosomes as the parent cell. _

c. The parent cell and the daughter cells are genetically Y
identical. - ‘- i

d. During mitosis, the centromeres divide and the SIS

— e S —

chrbmatiﬂs stay together.




ch of the following is the correct sequence of phases of

15_Whi is?
mitos!s

anaphase, prophase, metaphase, telophase
| Fﬁ--a.:-;r!ase, anaphase, metaphase, telophase
_~hase, metaphase, anaphase, telophase

a

D.

C P!".Tt:" L

d- - — meotaphase, telophase, anaphase

o~ i | -
P;'r_"-::}i! 190,

h of the following statements is NOT correct when
o meiosis?

\Meiosis ensures that the chromosome number remains
~onstant generation after generation.

Meiosis ensures that each generation has a different

genetic makeup than the previous one.
c. MeiosiS ensures thateach newly formed daughter cell

receives the same aumber and kinds of chromosomes.

Meiosis results in four daughter cells.

d.

18. Thalassemia isdueto
a2 abnormal blood
b. abnormal haemoglobin
- abnormal white blood cell
d. abnormal platelets in the blood

B. Write short answers of the following questions.

. What is the role of nuclear pores in the nucleus?
2. List down four major functions of nucleus.

3. Write the role of RNA as a carrier of information?
* Name the four types of nitrogenous bases found in th
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; ONA molecule. -
- Define interphase. it
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7 e wite about the significance of mitosis
@ do you mean by genetic disorders?
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 pescribe the
 Describ
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<tructure and fu nction of nucleus.

e the importance of hereditary material founq

in nucleus. | _
rdentify the relationships among nucleic acids (DNA

and RNA), genes and chromosOomes.
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.




